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Useful in the Treatnment of Iniu and D sease to the
Central Nervous System FIELD OF THE I NVENTION 5 The
present invention relates to novel nethods and
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.25  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

30 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 undergoe cell division as they mature into the

35 ' highly specialized cells that make up our nervous systems.




of when the cell death occurs, functional connections
cannot be established if the nerve cells no | onger
exist. 5 Death of glia, also interferes with nerve
function. The first therapeutic goal is to preserve

as many cells as possible, also known as
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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.

25

. Possible therapies

1. Replacement of Nerve Cells

Mature nerve cells cannot divide to heal a wound. Replacement of
30 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

35 and important questions about immune rejection of transplanted



up new possibilities for cell therapy. 5 2.

Regenerati on of danmaged axons Neurons in both the
central (CNS) and peripheral (PNS) nervous systens

are intimtely associated with glia. After injury, CNS
glia largely inhibit regeneration, whilst in the PNS,
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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

25 injury. These promising studies give ho}pe that successful
restoration of function after SCI, stroke or epilepsy may occur

one day.

3. Remyelination of axons

30 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

35  important part of an injury, implanting Schwann cells could




centers to study a drug (4-AP) that appears to
tenporally restore signal transm ssion through
denyel i nated nerve fibers. 5 CNS nyelin and its maj or
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
aiw&f{m%”éssoci ated with the plasma nenbr anBCHEB2003/065329
ol i godendrocytes, the cells that synthesize nyelin in
the CNS. The growh inhibitory properties of CNS

myel in have been denonstrated in a nunber of

different |aboratories by a wide variety of

t ecfihPYdess PRegldarHgr pharschepsneertons foncmeel i B multi-
subsertatresliofcal yostlahas 864 OR:0fedl 5t VtthEE IR
andcg&%@gv@’t L;Qﬁ}ﬁ, Qfdﬁéo& Qﬁnh?a“tt a%mpetarfl 5 gem&:oraltlgdrestore

ol i oqp % Ther ef or e,
t ha gaé‘ I‘iran BEGRS t&’é?ﬂ%tdeé‘%‘?le‘ﬁatﬁ?ea?—‘r"tee?l@\;fer CNS
Ryelin in vitro. It has also been well docunented

t hatvs ep@EMinngndT ek izl ;b iMA MO d APLANES:s JulE.SULHRSS Of
regenpLaliNg,9rowth over the native terrain of the 2

CNS. Regeneration occurs after irradiation of nevvborn
rat 8" HPOLUPBE SFEFERR hatteRsteration| ifodendrot \arestand
pr evEribstdryea@ppéayr ahee is g meehj;enlarmdeitm 18 e

1BUCst%cpJ&QeQwhetﬂ)J] pﬁ%é Mgra%%npé %?l odengroc Fes the
corfigospinal t alt IeS| on, sone corti CoSpi nal - axohs

regrow | ong i STaRCESYEAVbAE PReCSesi Bifs ITMTE oinhilbi tary
chi %‘F@Pﬁﬁ"déls 95 C¥f mypiyrabhacobebn ep@instrathe 0Nsetumbér of
nyeﬂxﬂfatemnlﬂm:&e&ﬁéesoym tdida vakQss of tbh%uques, mcludlng

NeEaf ih¥e AR Ll ty.0f & gns, The reroval
9;191 n l\"f‘vlg}th anti-garact: ocere ;%Ssno e “HITF R or?ﬁf%’r?ﬁﬁt‘”f

{,w "’hlé?rﬁ?%ﬁf c aBﬂloc?Iie%"ﬁFi'Pé‘IS YoPFrELPRITES iFe mature
per tiigsfsrgrperticad fiberefaxonat iseganedaihortedKaWNadult

T Nhiddirb0y Yanmeeit@a A r1948! 6&%:&9@5' wlliq rpyr%lfo It has

ass c tenasci_n-R
Car rgl.t%:oﬁlge%q vgél)i QQ%J%SﬁEﬁgnéhsaﬁl a¥1ng ?%et éBngrégéY% improves

vj:ucce%cognff%?nEfamlé% gg?mpqureym petivehterrain of the
29 defitsi f iReatnontion patwsariter NABNS L 0fn af GRABorNQG:, »
V\Ihl;ﬁ:t&c&ﬁﬁ:@dﬁﬁatala 1:Rhi Al &t%rn}fr @éé Rn r nder e ce
A 0 2000, B0 1) ha ! 300, et 5
. I nuni zatl on agai nst - n Sulmiir?l ﬁ%%ces‘é’éeanoﬁfﬁa 6 %ﬁ“!bde
4 V@@O@EPBB?@S@@@W@QG@B%@OS@@@ corticospinal axons

regrow long distances beyond the lesions. Also, in a chick model

25 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

30  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,

35 2000). TImmunization against myelin has been found to allow



extensi ve axon regeneration after injury, - this
denonstrates the enornous potential val ue of

overcom ng nmyelin inhibition. These experinents
denonstrate a good correl ati on between inhibitory
factors in nmyelin and the failure of axons to
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degenerative central nervous system disorder i A RYL ng
decreased nerve function associated with the formation
of scars 10 on the insulating sheath known as mnyelin
around nerve cells. The cause of M5 is not known.
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It is now wel; accepted that M$ lesions contain substantial
numbers of premyelinating oligodendrocytes, indicating that:

25 « The potential for repalir is not limited by the loss of these
cells;

* Interactions between oligodendrocytes and their surrounding

environment may determine the outcome of the repalilr process.

_30 FIRST ASPECT QF THE INVENTION

Background to First BAspect 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
in inhibiting neuronal regeneration has led to the
exciting possibility that the CNS environment can be
mani pul ated to 10 enhance neuronal regeneration. Apart

f wuddpesgy findings, however, other paradi
Nogo- A action in the CNS have yet to be detﬁgﬁcgézﬁ&gossm

For exanple, the localization of the presence of
Nogo- A at synapses (Wang et al, 2002) is suggestive of
a possible role in nodulating synaptic plasticity. 15
NOgQ. LS, ssgd. in.thr of A, B and C,
al | Lop St PLES TR0 okl St C Q0P b W thoe

tr aﬁ‘gF@%f*én@smMs for file gmoestt Fads ity aproper amph NS
aci dwkbigp- (Nogor66)e1irandR@e@lyly @pro 200 Makp WnRi er

et @lli,gc?fdggé-a)ocy':\pQQeAnh&%chleoﬂgg}e (&Y%?pi %%Q;'_- Cto ind to the
termn do ‘éﬁ T NO Bb
go- & 207§ gﬁ‘%ﬂﬁf’ Y%P“O%@b (GBp) ‘ﬁ]‘ﬁ‘é’ré‘g Ngpo- 62000
Bri trFF@t@F AloR) 200the. suijege66axand Mogle, Ne@f3) Nogo- A

haVGnhme\@ﬁﬂﬂQrﬁf tlﬁhhhbiéc@[é/r @ﬁt!eir\éi:tgﬂéns (1nQH,‘[Jéide_{n et al,

200 2000 th
oI i %g%%@%g{%tg Lé%gﬁ?fr a%eneﬁaglc?s ?as t{\bdgg?\lo?% %%QF%Qert o?

Sslbexh’rthh Ehadd Pt E¥5 SRBIRPTYtosRhPe étaarmﬁtm to
1(3Fo@rllmr@rz wurghal 2QB1Irat26n.| ApLANEFoaSthesAOL MBLARRL OF  OF

I Nt ebaGlek-N g)tﬁEPtp%!:zn:lJ.E[QJ fBIP %?NAh Q§t109e§1n tlrxﬁ &)Y ria'a%% %% %o

far ress brai n of

eanf‘/g%Qg”&ﬁég Rt et"ﬁ‘épr e TP 5o 6 (ReRtABIE of
Ng RN &XPBr %%§i1’65ﬁ35|eﬁ @arg yte#br $93i cisnewgusAsie\ahg ptssible
al , r2002) . ndNoyo=-iAg styhaﬁﬂf:ques{m;ytinave NgR i ndependent

1BuUNgLions %&&&demﬁw&%' IO AN%UH%@' aL ot

rege erat henot ypes in t%e absence’ . of

kno€ rﬁ‘rc‘:ae }\‘ﬁeF@“en TE RS c i R FYP E?@éi“embéﬁ’ée FH@lﬂS
exaéltld ra@I extrgfe Notro- AF e 2ENB lpandie®-66) Herdndptder

i nvest iZQaﬂl ;ed‘o(n\fﬁ@l: fet alzoa&)l) ﬂo@olﬁﬁag@uhgngea&%ﬁgyﬁglc
Nogp- &ﬁ@éalbgmllno&%& qﬁd ol |%no?,endr o%‘_ytNes and NgR
e

@o mat ure axons exact d| F2tF PSh °3% paftérn and

el AFTBHEHT 5 b weih tHagdhat tb 2ol 2980 @gﬂanlén@t b \ROPL) .
200K$ B528 80 PCEABR008/00532% imjalchaatie thiaxons yhav@vity

not (beenisgekinad ddvidedahderKnowh e@g@O)Of thd\R9QsAsNG: on

Ng Lon etstrhace t.erface between neurons and
ot cuonay oy B b5t 55t AGre I Gnasrerarar ngo

t hew?lqhop%ﬂ}ates axonal growth retardatlon (Fournier et al, 2001}.

25 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

30 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 Wogo-A has been localized to
oligodendrocytes and NgR to mature axons, the exact distribution

35 pattern and relationship between these two molecules along
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in CNS devel opnent. 5 The establishnment and
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pOtﬁrdE)l ‘%Iaz:?).llqgjv o3§e|’st gg afl?rZO%l) Studies on dysmyelinating
meuse mutants deficient in myelin-related and axonal proteins,
25 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 axconal domain
constituents and the exact localization of iton channels,
particularly K' channels, are dependent on communication between

30 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

35 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 _
F3/ Contactin, the GPl-anchored 5 nol ecule (Peles et
al, 1997). During nyelination, the interaction of
Caspr with F3/Contactin is required for the proper

of Caspr and Na' channels to th
sur a@g%’&al vre-Sarrailh et al, 2000; Befifihonsossrs
Kazari nova- Noyes et al, 2001). I\/breover, this conpl ex
constitutes an essential scaffold to maintain the
architecture of 10 the axoglial apparatus (Bhat et al,

200%%89é{’(la§n§ ngli.’GFzroglgits gélleﬁoel{ggl n%ag"qua Ciw@l.‘g‘%

( NF Interacts in trans w't spr/ conp ex
(Ch‘é¥‘1°8§asé‘ll° deomIBovith patertifdchingif sitonéeqFEice of
t hi sortateimgcicoainssast ull fanclyepforedsd@eaigah raamal, 2002} .

Casegsp-i» éEM'sH ahe qgmea il USl/ ML Ractiher @nenayl—%)ﬂbﬁ;red
t her % nponent s that |nteract w th thi

| 8 %leddF?lﬁé ‘“rfyéh nat TlonP =187 Fvat P25t ‘éheFulP‘éetr“tm“
AspettCapfr wheh Falfontdicsan Trerdamiesst 6er akplroresr whatshert
Noger Aas@illfld haY @nannkedt G0l thet BoL1 aXQghé alraj HRCEAQRILL et
durgfg ZB&P Qggarp.lgovgfl\lo gl | ngllfl gg?lgr I%régvel}arghlgu c@n‘iﬂex

Nogo- A'partici pates in no I nteractions
bet e GRS aRtF e F tagotieafdr bt P @eintadnnds ethdFaitmey of
19 hathsNegarlAal capaeus ol kocal | 20d: Fpets feitcal.l 90qi0 .

par anodes, ~Whekesdih msnmrla@)t SaW AR d he m&@m@al the

jungctio r.ot vent or

detgr rﬁrgﬁéﬁc??f}a b(gg%rs]ﬁg Lo ﬁ\?ar%ag?éas%f 55%%&?% e 25

Wi t H°rt5ﬁéu%Pt%fgéhlqat%f@r?@tl@halﬁné‘FllP(v‘lmcll?a#JU Pt paoen

t hecewr’ $ ematipzatdoanipat fietnse, O’Ehehsl@gﬁh-yAéﬂdt bti@Rdglial
158SREdMends AT Moo r HQYELQPERNL n&lBu ) A58l £Rhab&don.
- The inventor therefore believes that the interaction

of Nogo- A vvlth Caspr pI ays a roIe in regulating the

| ocaEvaf infpet Bevea®in® during the 30

ear rye pefvérﬂzdr @fxpr@&ehlmth&nuogSpECdohmaalaw a the: werdae
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dat én"eé‘ﬁﬂlr hag &Fg eF?IE‘&ﬁ?d ithpt PeER MeRs s and CasPr ass"'“ate

25 with the voltage-gated K' channel Kvl.,l. Furthermore, the co-

localization patterns of Nogo-A/Kvl.1 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

30 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,
at its nost general, disclosed are materials and
met hods arising fromthe determ nation that Nogo-A
arﬁq, Cziaosgr can interact and play a role in nyelination.
ThY' € W48 i nportant i nplications parti cul aPFyCPHROYIE2
field of spinal cord injury or other diseases that
result in damage to the nyelin sheaths. In one
aspect, there is provided a conposition conprising
Nogo and Caspr, 15 or mnetics thereof, or a substance
capabBt®-6f IsrBrivith myronphiCesmet ionibEreedy NogoKarbannel
gas Prorousfns:oubima&izm_em;st Bhd £1 544 k@wiﬁdéiﬁﬁat%rﬁr Npgo-66

re the,c 0osjitign co ses.a CQ ex bet ween
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NogoftfolFBE tiede fifeledfAi it thre feunmbbai ehdmaintepeaterdbl v
Nbgoaxhgloxl dupdribhrircbftedomm.n t hereof. Preferably it
conprises Nogo-66, which is found in all three
known' i sof orns of Nogo (A, Band C. 25 It may
further conprise other domains of those isoforns; ,
al t efhtgel i3 glogt gprveel. Nisgse b8 e tlatatelsandrmgthdse afsing Fem theidefedminetion that
abs emgeAahd Cdspircaiigterapt@nd plansol®fn negaiop Tk @aNs. The

sp u . conposition, i referably Casprl
gé? aj,[m?ggéapgr %‘%&%L%ﬁl%g%r?ﬁf At %aerrléojfn. %%\'Esfﬂlﬁgcg 5%0%““&? coxd
capabP B P ptditht Fi7§2 195t EadcFesvnt bat daege Noydhagrelin
Caspthepthys-be of any nol ecul ar type, -including, but
not limted to a protein, peptide, or small nolecul e.
9 ‘ ] . i cal t he
s P aneR g SN tvlpd BENREIR e R ceron w1
B nPrt BinstécHehBERAf - ofr Motrds bande Gappble FOrprawaniize, |t
may inbencttion bethedr DR s c8sid, atn Lh@ it &5 ac8: a

bet weep.¥R00,.a73d,. 5 Caspr. Alternatively it may bind to
only one of Nogo and Caspr, possibly stabilising the

conformation of that protein in the conplex and so
pr orfsefyghay dbei edrponi tang/compiinki Bi toipgex distwoei abydRNd

20f  tcep.£08Bl £%ind cASe %Qi@%&éﬁﬁﬂe?.’ the substance
capabl e of pronoting interaction between Nogo and

Caspr nmay be an antibody, such as an anti body
The Nogo molecule present in the composition is preferably Nogo-&

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}.
25 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
30 portion or domain thereof.

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

a protein, peptide, or small molecule.



capabl e of binding to both Nogo and Caspr, e.g. a

bi specific antibody. 15 Disclosed is a pharnaceutica
conmposition, in which case the carrier my be of a
pharmaceutically acceptable type. Preferably the

p cal conposition is formulated for
|E?22?%ﬁ%$¢% vivo, nore preferably for injectfhiff?0000s
directly into the CNS. Specifically, there is

provi ded a pharmaceutical 20 conposition conprising
Nogo- A and Caspr. Disclosed is a conposition as
descri bed above for use in a nmethod of nedical
treatnment, and particularly for use in the treatnent

of prl]ﬁéyl 0, P65t SHbsbare pfpabihef GNSrosirghsu@Sisie raction

spi nalldond tnjous yox( BEIL) of mub& Iaﬁh &:a§§£ er @sf Sexéx'}@)e, it may
epi hﬁﬁaytoormusg,&%énsl n_gnqther ;aspect, .t &gg, LS.o and
govdaged tgfteu%e oV oin the pr epara I-on %?
nedi canent “t 7 "FRETe38 i Bt Rt tefoninj %PyO%rNoaPsaeas@sprr
to tFRESENS, siehétbiimat e n@t_ipamre«_srt of Stia@l protein in the
admicpinstetkaihORol IﬁlroﬁleE@ign%sloQDath aha fASREnQ; i’ngﬂ‘ metic
t hergofoci Ly & %hg; her, ang(t? there is provi éd the use

t FRET 5N

of Caspr iIn e prepa of a nedi canment for the
treatment of injury or 10 WD 2004/ 052389
IPCTAEB206&POE3 e sitmease tpabheo ,omwﬁ{geu&érb&m

rredn)saréentmd 5 B iblg,.combination
able ﬁ; NL ggpegée%?)ga#hg& b Re maar e arett aWItl)}’OdY
con'pr bo 1§98 Hhgoeadpye apd ﬁ’f"ﬁ%’%ﬂ €s¥- 5 bimneebfic
(1. é“tllbt’dlrmy be a pharnmacaeutical conposition as
descri bed above). Disclosed is a nethod of
1gan5 td. Q0 ¢ r
a0 E?&ff%B%ﬁgﬁﬁﬂéagﬁ%?%bqﬁ"w@?%gﬁe 5P BB pfecacany
pha?‘f‘?%f’é fft‘f P&al |y acceptable carrier. Alternatively
t he Prefisraoyp bime s rmmypubieal mmﬂmxtmrsherﬁ&mawatcﬁl

I n amebtbada &Spﬁ%} &J}@r&ek&a&ﬁp\@og talcjt.elol{\sg ectfl into
not I .ng |nter ction betwe

sub ca

Nogglli anlgl§Ca eclflc‘:t‘]hlé’ pﬁ?}‘gﬁ%lr‘ﬁtﬁ’??ﬁl%?d & Eh‘Fdf“E‘aEh’éﬁfan or
2y hec‘t“ipé%t’t‘ilﬁér?qmpéiswaj Wpop-Brand Kespi.sease to t he CNS.

I n anot her aspect, there is provided an in vitro

et Q0 SLABh LSS A 1 O Of @ neuron axon.

conprising contacti! ng or an ol i godendrogli al
cel T°"wi'th *8 T B d??da'éaldés@rﬁ“%fetd and particularly for

use in the treatment of Anjury te, .or disease of, the CNS, such

25 as spinal cord injury {SCI), multiple sclerosis (MS), ep.l.lepsy or
stroke,

- Inanother.aspect, there is provided the use of Nogo in the preparation of a medicament for the
3p - lfreatmentofinjury or disease to the CNS, wherein the medicament is for administration in combination
with Caspr or a mimetic thereof.

In another aspect, there is provided the use of Caspr in the preparation of a medicament for the
treatment of injury or

10



20 above. This may be perfornmed in vivo, e.g. as a
therapeutic nethod as el sewhere described in this
specification, or in vitro. Al so provided nay be a

nmet hod of treating a subject having di sease of or
[ he central nervous system donpri

3}&%%%‘{5%?% ng 25 to the subject one or nor eF%T[P(%mGW)5329
phar maceuti cal conpositions conprising Nogo and Caspr
as descri bed above.- Specifically, there is provided a
met hod of treating a patient with disease or injury to
the ONS i e.g.. SCl epi |l epsy or stroke
compPPage ffghe Gyt by Wﬁfbcawamt&rf%' afmipistEfien incqmgRptop with Nogo or a
conpmaic thgreNogo- A and 30 Caspr. All therapeutic
met hods described are considered particularly

apprmﬁﬁ |t&Eeméd3ﬁ:a&J}ﬁ: ﬁgﬁ%rﬁgge b @llo glanﬁoéa%pg:?ér &ymetlcs
or Sstro

Cl IL.tiple, sclerosis
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Substeuize t caipabh grhatndteotllcal | Rgpdsish %a}biasélﬂg URLLNY)
i nt @5@& tah@ nCan%;: V\@xeﬂlmgé’s %ogreg%s Bl &gt ah I%harn{aﬁelgtlcally

conpri sin 5 contacti ng

candf %x?tté’g’s%&f’é’r?&e A&ﬁ%‘naab‘feéi’n‘ihﬁl h‘g‘f FhrePonAREY ZeY iksn
1@etw@@m1NUg@daﬁdm€aspw The method may further
conprise contactlng Nogo and Caspr in the absence of
sai 58 e supstance under ot herw se anal

PG
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hoF A S5 SR P NG €T b o B Acion betweon

condi
hbgﬂqﬁﬁﬁdceﬁ§pﬁe Preferably the nethod conprises

conpeghaagica 60MPhexheiieest Mg reAidCasPindyho 1 he

1sandidate subgtanee; then conplex is preferably 15
forned before it is contacted with the candi date

subst ance. The nethod may be perforned by any
appropriate nethod. The skilled person will be well

awa n assa)
fn%n&lter %%ec\/t t?el#%le growaeed an in Xrg m %g%qf gtl ,,aﬁrtgdi&ygrnatsog ﬁfe atﬂs?gron axon,
O r 5P Ir@fcom@@ %E'I?Ho@@ﬂ pllgﬁWdrg@:alﬁzplgg@ [qcomppsitiqnras deperibgd
2¢el dboveThernge r}%yf bo %MH:QEH tlhevﬁiro()te.el n A§ aC¥iU R Sedc

may, h&.gndo nous to estl on, or |t may
be pér%g's(gnt %% A Vecr st cnﬁ?‘?o‘au qtfeﬁff)lcf‘ﬁé‘“bef’lr inp ﬁ’etr" |

protein is preferably expressed on t he
Also provided may be a method of treating a subject having disease of

or injury to the central nervous system, éombrising adnministering
25 to the subject one or more pharmaceutical compositions comprising
Nego and Caspr as described above, Spec1f1cally, there is
prov1ded a method of treating a patlent with disease c¢xr injury to
the CN%, e.g. SCI, MS, epilepsy or stroke, comprising
administering to the patient a complex comprising Nogo-A and
30 caspr.

All therapeutic methods described are considered particularly

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

multiple sclerosis (MS}, epilepsy or stroke.
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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
| abel as described in nore detail below. 30 According

t vl dielzoaspect, there is provided a net hopcﬁémmmsmg
manufacturing a pharnmaceutical fornulation

conprising, having identified a substance capable of
nodul ating interacti on between Nogo and Caspr by a

screeni ng net hod descri bed herein, the further step of
35 formul ating said substance with a pharmaceutically

accept 2004/ 0523 PCT/ @B2003/ 005329
carrﬁe@ahﬁﬁs@% %(%%' pmv'degég"ﬁg'r"?%écrf"ﬁ'é"g %fther step of
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system (CNS). 10 Protein sequences The term "Nogo" is

Us edyt0 06 ulerlsoofplrrrs of the Nogo protein
|ncdrf1%| nQE}F%”R%?% PERECEPTES SRR HRI N B Cﬁﬂi‘f 18 the

i sol aé’(séac‘ﬂé’ﬁaf?fsd FW@‘F%P Slilbf-’féﬁmﬁ huderhetiNgybse66nalogous
Homedamditisonse| dnd Gt emmitnafy ShantheédsdtaBh HehedL8bgo and
havia@gpgr eater 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 are

al soPrefietardgdthePretfhed alolyrishe Nogectngt €ichnflas bdtereen Nogo

abi ldniycd pr20i ¥ BEL tonB 58S RiLAALE] Qhe%ﬁbi&ukgrﬂﬂéferably

@spiror,}le z articul arl referred. The term
Ca. spr’ d:ﬂgggsﬁékto gngon&bﬁss 3 Itl?e SPotiREe sf“bfﬁaé‘cﬁogo

proteln i ncluding Caspr-1, 2, 3 and 4. Caspr-| is
par tTbeuhetiblog m=35be pefirhed .byThQ/ bEs #Ppk Satl fécHoA! erwled

to engorpesscisolatest Jeipi.ng. of f%%B 5&’75]%@&1&%9& rtl§mats,
such as tﬂe extracel | ul ar _domali n,

And varl Bt 8° (1547 B8P HAVT h§egtedre e t'SH’a"r?b%%mtOCOl

One or both of Nogo and Caspr may be present in, or on, a, céll.
The gene from which the protein is expressed may be endogenous to
the cell ig question, or it may be present on a vector introduced

into the cell. The protein is preferably expressed on the
25 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
detecthble label as described in more detall below,

30
According to another aspect, there is provided a method of manufacturing a

pharmaceutical formulation comprising, having identified a
substance capable of modulating interaction between Noge and
Caspr by a screening method described herein, the further step of

35 formulating said substance with a pharmaceutically acceptable

iz
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85% 90% 95% 96% 97% 98% or 99% identity to the
sequences given below. Othol ogous proteins from

ot her mamral i an species 30 are al so included. The
Caspr protein preferably has the ability to bind to a
Nogo protein, particularly Nogo-A It may al so have
t obkdy tO bind to at | east one subunit
vgﬁfgggég%ted pot assi um channel, in partigﬁﬁ%?aﬁ9py?m
and/ or Kvl.2. 13 WD 2004/052389 PCT/ GB2003/ 005329 The
am no acid sequences of Nogo and Caspr proteins are
shown below, along with their GenBank accession
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domains of such Caspr proteins such as the extracellular domain,

as well as mutants and variants thereof having greater than 80%,
85%, 90%, 95%, 9%, 97%, 98% or 99% identity to the sequences
given below. Orthologous proteins from other mammalian species
30 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



121 spl saaavsp skl peddepp arppppppas vspgaepvw
ppapapaapp stpaapkrrg 181 ssgsvvvdl |

vigaslflll sltvfsivsv tayialalls vtisfriykg 241

ywr di kkt gv

vi gai gksde ghpfrayl es evai seel vq kysnsal ghv ncti kel rrl
[Tilalislf

flvddl vdsl
Nogo- C gi

sal ghvncti

ak _i pgl

35 301 kfavl mwft yvgal fnglt

SwVioN@ishge agi dhyl gl a nknvkdamak 361 i qakiAE
: 9408100 (C1899250)

kvvdl ' ywd i kktgvvfga slflllslty fsivsvtayi
61 friykgviga i gksdeghpf
kelrriflvd 121 dlvdslkfav | mwftyvga

| f ngllhteI Jmllnoazicllal %S\é@nc

e

rayl esevai

40 1 ndggkkn

| kr kae
IGB2003/005329

alallsvtis
seel vgkysn

181

gi d hyl gl anknv
e féyigag‘%’ﬂ and FRSHASBEAGENY KPOGB62B)
T 81 P19 4aVs Ghrigurupyec deslsvigphyaiest ga

ssyyslltap rfarl hgisg 50 61 wsprigdpnp w qidl mkkh

rirasad-ggs fnswdwpt gypesds! Mg&rgyzqg wt pf ygr ghn

121

stffgnvnes avvrhdl hfh ftaryiri vp | awnprgki g | rlglygcpy

kadlll fmagg

11 ha@g 00
tvsaggw Fretagh iy ya=y

J3"01 2

gr | avsfiedekadond!
]$004¢DE@@&&SBCT&@B@QQB&QQ5

szg‘;@&%)\;fﬁ@vﬁave aejerttai saya

qf%ig

481 651)/

P18 Poektebmy

by e 39%?@%

(-7 ‘aa viknbayr haftigged aEbkbfdard i ia
rhsik fj Ry3rat EQEQEW'Er B5Li3gkdd peif gy
S

s iﬁjyﬁggib R LPF’S ég"

Bgae%&Mmsy

Parhyicnes

iﬁ@b%ﬁqp

dtéasgp l:isep

epkqkl e lmengyﬂemtqahntykﬁsc;aaw

I veg?lr kgfryaraps h

01,

Sl

mer p)ehl Geli 6 1 YN ABWREM B 1024

rIIHF—'a

2£SCYY ahﬂais
fflrplrcyg

fyfrtsapsg vflennggpy cgw rpyvrv
egRgden | tvhs@ﬂﬁé‘faﬁ?ﬁdd@i\kﬁwwa ei nvkgar!r vdhrpwl rp

af

pLE wsmtgrmatqméa\wgsms

%1""

Splek gehyl

L @Pé@f@ﬁiﬁc

etvm
i
LGS Eomiaiads vt haktd wimaﬂe

Rafda I@ﬁ%‘@fc rean

cf?%%
vnﬂﬁk 1pﬂfmdmhhpmkquh@wdhn&ﬁ 6849
SWhR TSP REg dar Frfas | eainvsdives
841 el nt srdvvf

R fppff*gquqs skadvdeae fosfdetipk dz@evlerkpa
CFRRER gerirbby spiny

5 gy QEC@WQE f"E*?‘Tg‘f@?

pr-g Fbvsstvpap

FWP’GF@

aaslpslsp

efseleysem
ph Andge pepg frpivikedevy
fragd Alap)esky

a atesiatnif
§£jnltkvt
abgTdp

aﬁh* bepenpppye

dyse
jﬁsfesmi
stavy

Slevshksei
§Hqgsalat
T dikktgvw

hpfraylese

30011 nplegidgisTE M krre gv c lranringvt
Nl r@m@;ﬁpﬁ &pe%%hyq Bt afe B%(Sf e g%gye s
e§g 55 svvv% pyChirdes E@D@EVﬁbga}é 41 i%; apkrrg
hﬂﬁ pgg%id;qu ggﬁe?gﬁgn:% ghvpggfkeerrlygﬁggﬁfgp

3593”@ P WY Bt

wvft yv

361 igakipglkr kae

Nogo-C

40
. 1

61 £
121

45

dlvdslkfav lwvEtyw
181 kdamakigak ipglkrkae

Casprl

1
61
121
181
241
301
361

50

55

mmhlr]l fcil

gi:9408100 (CAB99250})

© gi:4505463 (NP003623)

laavagaegw gyygedeelv gplyarslga

wsprigdpnp wlgidlmkkh riravatqgs fnswdwvtry

stffgnvnes
daisyrfprg
spigprpoht
mfigglvgaa
hpinfggphn

avvrhdlhfh ftaryirivp lawnprgkig
vsrslwdvfa fsfkteekdg lllhaegaqg
tvsaggvlnd ghwhyvrvdr fgrdvnftld
rknlayrhnf rgcienvifn rvniadlavr
fvgvpyfpre grlavsfrir twdltglllsf

14

ssyyslltap
mllygdrvds
lrlglygepy
dyvtlelega
gyvgrfilng
rheritfegk
srlgdglghv

galfnglt 1lilalislf svpviyerhq agidhylgla nknvkdamak

mdquknwkd kvvdllywrd ikktgvvfga sl1flllsltv fsivsvtayi alallsvtis
riykgviga igksdeghpf raylesevai seelvgkysn salghvacti kelrrlfled
ga lfngltllil alislfsvpv iyerhgaqgid hylglanknv

rfarlhgisg
wtpfygrghn
kadilyfdgd
hlllhmslgs
dferlnldte
vafrcldpvp
eltlsegqvn



1081 geevsfsfst ssapavllyv ssfvrdymav |ikddgtlq

rygl gtspyv yglttrpvtd 1141 ggphsinitr vyrnlfiqvd
yfpltegkfs |1vdsgl dsp kal yl grvne tgvidpeiqgr 1201

ynt pgf sgcl sgvrfnnvap | kthfrtprp ntael aealr vqgel sesnc
ganprlvsev 15 1261 ppel dpwyl p pdf pyyhdeg wail I gfl v
afvd2dglxgsn | vI fyl gnhr ykgsyht nep. 1321 kaaﬂ%%ﬁ%&ﬁmsxw
kppl pt sgpa qvpt pt aapn gapasapapa pt papapgpr dgnlpqilée
1381 srse 20 Nogo-66 extends from am no acids 823 to
888 of Nogo-A and has the ‘follow ng sequence: Nogo-66
25 EIYKGVIQ Al QKSDEGHP FRAYLESEVA | SEELVQ CYS

NSA §%+VF£3¥qﬁ9K$§LFH?EiaxhﬂnEmgiﬁﬁﬁnyv Asseyri ILbAeaSvB0s A 1irtgt
desggi bel SRR oA ok [ thente Pelwign s webriamar®n oficot
NUMBYDUSaq BSAY £ bl RS WL deha ThSr - HiS HipPEapoy ol Bokemmets
fet EP¥Ti PiaRgsabeon ber BCiis0m 1BEIWAE o N0 Be ARy b H 14 dilldora
i dedf] f r§§§22%§§0§%da?§§EE? tdghi i Evarnidut et e, dqntfﬂéexqagﬁlyplrcyg
pr oupi €,1nedibld ML LT i A FOF etammpriasismier aetivom
bet wete LBy kO ydab Ol @aNe BBy léﬁﬁdg@dmg T R ek o\
1Pabéf} i trgoRerhwidrhveay dfetteatiall reddpabbs AT Ak 0l dod: Fan
i nt Qoﬂqggigég@;@ TROCBE o ehotvasieheereamrOhicbiged
On @168 0dqossn SUPROK Les o3 SIS (OB EE L) B 7H BRIy a) et
gSpERaiysibon petidyk LRSS ANGESLAsLTNCH OB cme comeenoncs

5S;itet et F¥ﬂ? RifiPwhierayra e o ivc ot pa aieth) Eflbmhedikgsyninep

recosshi hant |y protic®a PR FURs I anTEPHe| Jpareirdedunloailee
Alternatively the conplex forned on the solid support
2gabee_ggtected by labelling with an anti body

di r ect’ed® SFETHSt TER TEPE AséIpriddeimt 89 of tifvmopk eheimas the
whi EH-legingotequenobi | i sed on the solid support. If no

15 WD 2004/ 052389 PCT/ GB2003/ 005329 suitable antibody
is aygidsabl e, a reconbinant |y-produced peptide or
golypep i de may be expressed as a fusion protein
2 T oMK A g1 QS PEGIP | FREDBSERY Ao I 18 KcBvi@ i tkalMeBroy prypsix
antibody is available. 5 The protein which is

i mobi lized on a solid support nmay be inmmobilized

usi iGa@eaaRbddody agai nst that protein bound to a

solid support or via other technol ogi es which are

known per se. A preferred in vitro interaction may
3Gt §%S%1P%%iaéﬁ"@pr@teeFlnillieqh@Ieuddnngs well aware of numerous
gl Hsathifome=tS- vhaASndyebae@ptdgSldte T4 S fBY; P8 10

I mRkliZed, %t‘ggegt&%gl%r&ecg ar os peads., .in an in

vitro ass identifying substances
' which mogglate, preferably promote, such interaction.

35 For example, interaction between the two proteins may be studied
in vitro by lsbelling 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

40 recombinantly produced peptides and polypeptides. Alternatively
the complex formed on the solid support may be detected by
labeliing 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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format of the type descri bed above a test conpound can
be assayed by determning its ability to affect the
anmount of | abelled peptide or polypeptide which binds
to the inmmobilized GST-fusion polypeptide. This may
be determ ned by fractionating the 15

HwHbalbde9e- agar ose beads by SDS-pol yacryl §/p48,88biss2
el ectrophoresis. Alternatively, the beads nay be
rinsed to renove unbound protein and the anDunt of
protein which has bound can be determ ned by counting
the anount of |abel present in, for exanple, a

sui taplebls ehathcl ats OR 10O & relBnAknd )éoa&féafﬁufp%e

to bhGoRrase haysatlon iy Al so.take the formof a

cel | -hased assay i1n east ~onefot “th
pr ofB118%| @aé%r BYSB syitaplefaat HisRy isnatdidakief ace
of, a suitable cell. The assay nay utlllse a ceI

bi n@ehe %H@ﬁblﬁ%bﬁcgasymglﬁtzggiog Plse 2
tldes or p p’fldes

lin ch,the 1 a

ar e?ﬁ&%glelszéa ed P oM %‘étlg?yynﬁ?ag‘n?/’écﬂ‘%“r STt e g 2

i nt 3°tiHeswaPTt oxbHal ather steshndlogiesCasiph duet Biaot poanse.
i dentrrkEedebyint hecdreihedscridd m@?%ﬁil@%da @)ﬁl@p photfer

difdieg; _dRELL 8Lt
B Tt N e

S LaTiHeE GpBIet hors- ofrntawem MLERR i2opRY
nayf%@abﬁ%palreedymas dephabartebutel akst epmtvabi @ASbe assayed
COMpY idstdigiddng eaStrONey AGt hMB ¢ Q;QQE%UE}% o@sla%giie%ed

t th o o[ . nor e
phgx\f/%;égéédt:g?cghgppepaté%eegga% éll Kok 8?%ﬁ?“§°%FTeq<ﬁ%Wuf’c?n

t hoRE YBERR P é"B”r ey e dgtermingd | aydErRgtidutimothe i nit ed
1% 0, 9luphthiraceutical bandacgepbabby €aflahnefsS ge Adj Uvant s,
ex %J&befﬁpﬁeresﬁgf f @xﬁ.@ern9£:ﬁé@§ V@Lé \ég?d Hgy %%an.blnseg q:l‘ S

Th er conprise other active
2ot P T SHL R P HRIoRE (ATl FHgh has bouna

pr oXA"CBS S5t HREE RRSH PBfcosakinggthe anshak mECEel cadesent in, for
conpespPld, on astpreviausimadeh aediet.he net hod

2conpri si ng -adm xi ng at | east one active agent as
decyi bed herein %et her with one or nore

phar macey. ?%cé-"‘[‘:?ln é’»&% FFEESHEN g‘}"éa‘f’é’ﬁt‘?Y 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

suitab.fte cell. The assay may utilise a cell line, such as a
25 'yeast strain or mammalian cell lire, 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
30 described may be further modified to increasse their suitability

for in vivo administration.

Formulations
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wel | known to those skilled in the art, e.g.,

carriers, 15 adjuvants, excipients, etc.. The term
"“pharnmaceutical ly acceptabl e" as used herein pertains
to conpounds, ingredients, materials, conpositions,
dosage fornms, etc., which are, within the scope of
s@uRghspBsEecal judgnment, 20 suitable for use,

with the tissues of the subject in questi oné'l?("]%mg95%59
human) wi t hout excessive toxicity, irritation,

al l ergic response, or other problemor conpli cati on,
commensurate wth a reasonable benefit/risk ratio.
Eachthe aonpetitiadi uﬂ&nt,lnvs%&bﬂln{ag}tbe gt_,gpargy%ts al so be
" aceephkabl@icin se of bei.n npatible with
the%g}\herd ngr?e;lggrﬁ%lé@o t FePF oA I%tll aﬁt RS TR

car Frersadf uanes 2hswer p‘foéﬁf‘ser Wth, onsanr ek outhedr i n
st aﬁﬁ%ﬁfﬁc@mpmemcqeeadblbe:)ﬁgsedafeefs @xmrpchstQm agken' s

PhasraQestinCahe S6t, eﬂﬁ@ﬁ}dl% BuiEQBE 1191 e ﬁa pub.

Li p ki ns: and Handbook of
Pha?i&%ﬁ%ﬁtég%lﬁxaccef) Ent's, Carih“ifseoﬁdtjF‘Eﬁﬁltsfl%&lplentsr

For ﬁ’ﬂﬁfﬁff'oﬁ%e?ﬁdf)}'a"s“’meﬁ a?’eildysttslé?llWJee&:t ablhe thowmatain sas,
e. gfuithet hexpficenowkr aqeSgedt§Ot ONi €, pyrogen-free,
sterile solutions, in 35 which the active conpound i s
g ol ve Such I| uids may 17 WO 2004/ 052389

CTT 852005 BEE325 T SeRfiieP draFreCortoai feopethod of making a
phaPiedetfitéatl yormoedipalbdsepravgpediyeddSned SHEH @Shod
ant ter@xidiant SmilkiHd 0F Seabt %ggra\é@-_{x} gg?entsgélal LLSgh Sﬂerein

bact &St @ osuspendi n agents i ckeni ng_agents,
and @grel ut esg&v\hgy CJOr en the ot Cr‘?hfl%talcfiﬁpﬁ ‘fdﬁﬁﬁedlents

wi t Y hE WP ol thrses S@éﬁé%rlasﬁmlrtffm d. céExarpd.es of
15y rdibientiss otsorbientar reiters for use in such
fornmul ati ons | ncl ude Sodi um Chl ori de I nj ecti on,

Rl ngfgr Sl 1 on actated Ringer's 1njection.
pi calt%rm 6 %e‘élr%:éen FaCP S0t AR HetiRree iy msataias ¢

i n ?C}ﬁ“@c"luidﬁuﬂdlgf‘%dlfei“%?n matREhRL sk F@melttlenab@lt:agieoforms,
pg/ sHc, . frbi cleeanplve thiommakesie 40 RPATIned X405 @haut:, 1

29/ fdicadhhe s§.0k0ul:at &Qﬁ§cm¥tlp%hgr ?L??J]at edf I Elieunl t OS§
or CHM EJO-dQse sql%lm q containers, for exa tI poul és
and' v and ey h&EesF eed‘CF?PléfeffrOéé%Jethr Hafc}tatwm
(1 yﬂ&ﬁf?ﬁcsé?ﬁ)?%iﬂ’qdi)f ioshex peehlieni argcomllycdther adetdrenrate
of wilte stresddnebld qubedti€Afikbk &fatid O Ea@X a6 WAlEEhHOT

‘ I nj &QE&J@B@; debmregis @ta% ¥ b%”é)crceptab%ﬂe'e in the sense of being

25 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 Edltion, 2000, pub, Lippincott,

30 Williams & Wilkins; and Handboock of Pharmaceutical Excipients,
2nd edition, 1594,

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

35 which the active compound is dissolved. Such ligquids may

17




15 Ext enporaneous injection solutions and suspensi ons
may be prepared fromsterile powders, granules, and
tablets. Admnistration 20 Adm nistration of the
conpositions of the invention will generally be by
injection, preferably directly into the CNS.
Wb Sl dsao ey be directly into the site of damRas. si0
Alternatively, injection may be into the
cerebro-spinal fluid, typically near the site of

- disease or injury. 25 Sequence identity Percent (%

am no acid sequence identity with respect to a
r ef etdncen-seqpence drsesehifedeas 110G &%E&@a‘%&é‘&%gﬁdlents,

am poaagh dne 30,5 851 dues (.0 a candi daf e seguence
are.identical vmlt%ltghgoﬁfﬁrné TN ag i-dues S Jtsﬁﬁs'

r ef 8?%3’?Eb°s§ébﬁeﬁE%",enﬁtheF-ge&{tFgr‘ih*ﬂj‘e?h’@ a%ﬁéﬁlerﬁ@éssoanbhs
i nt rioidiiciergegaps, tdrhuneces Sasybnit @iagiheua obe

%Xbéﬂﬂgk@e%flﬁﬁﬂtfl§ﬁﬂue%émﬂ>l@§n$ﬂ L¥orapd 19 ong ncsélr(rj RN,
any Conserga%lve bStltUtlonS as part

sequence 1 dent Ty > 9635 Pt i) Wa kHé’??‘F‘aﬁnb‘iftmn'

det %Jrrfﬁeﬁe?dsb%f“t\}\EFBEASqacza‘(%ﬁtl kigghtls Btieation. 18pWA1ly,
20044052389t RETAER2003 00533 Lonphlbogs th@ ﬁazmé Q?Qé(m
266,460- f"%g/rgl]-%gGa)k)out % E&'/eré-r f%r ue‘?’cgrgp Y& ?bo %eﬁ)r ng/ml

ar ers, most of are e de
@al g"es’i‘g"%& RPUst EB? ef°;5’ﬁ‘f]ﬁﬁ’étnérm§yal?€e P§%ﬁterw=ql Hnt Fre t-dose
f ol POVl ~dyed gestedoverthaprspanr =xdgppley edrpapidsr asd voN s,
= Oadhay \bﬁrﬂ:céea h.'he§ hEQlagze(—Ir):Leﬁ (]EL:lﬂzlpl'iA‘l(_{/%c.éHTI Q&d@&[o@

seq i dent i IS et erm ne unber
H@;{&Q mg 9{1 h%{el éa rlé’%l ug“s %\ts?”]oeetlé‘i‘%dn‘é?f%?‘ for
\/\u%ﬁ’ﬂg#e zat?ﬁ \?P’dé&JWlP‘Pfe toralatslnipeionftoresi-dues
lof EBdHerpehee®ncenBequenselut §aRSaddbiReHERsbyay be
W Blopled? chdM Q:edNge Johere n&%néﬁgugﬁ‘&e& <PRXI M Ze
the alignment score being 10 ignore 11 tiplied by
100, Percent (% amno acid simlarity is defined in
t he2¥apiEtRaliods identity, with the exception that
resi dues scoring a positive value in the BLOSUMG2

2478t X n 182 CAUNL £G 10 TCQH@GS:.E?G% dcg'ﬂ’:e%he\z/\'f]]_hgehnt:.!ig ar8y
non- i de tlcal but .whi ch have Similar prop erties (e.q.

as &1 es&'l ke 8 JC“Bﬁ%’é‘ﬁ‘?atqr%e@ﬁjdsﬁf‘tﬁ%ﬁﬁoaFrhé @so

coutitiggtion may be dlref—‘tly inte the site of damage.
Alternatively, injection may be into the cerebro-spinal fluid,

typically near the site of disease or injury.
25

Sequence identity

Percent (%) amino acid sequence identity with respect to a
reference sequence is defined as the percentage of amino acid

30  residues in a candidate sequence that are identical with the
amine acid residues in the reference sequence, after aligning the
sequences and introducing gaps, if necessary, to achieve the
maximum percent sequence identity, and not constdering any
conservative substitutions as part of the sequence identity. %

35 ide_ntity values may be determined by WU~BLAST-Z (Altschul et al.,
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In a simlar manner, percent (% nucleic acid sequence
identity wth respect to a reference nucleic acid is
defined as the 20 percentage of nucleotide residues in
a candi date sequence that are identical with the

nucl eoti de residues in the reference nucleic acid

SASIHEIAGESse The identity val ues used herein '?gi‘(}ﬁ%os/oosm
generated by the BLASTN nodul e of WJ BLAST

the default paraneters, with overlap span and overl ap
fraction set to 1 and 25 0.125, respectively. The
subj ect The subject to which the conpositions and/or

tr lemlgem SnfﬁnZE(lhrﬁLogﬁ,ofz"S@VagPids@n(1\&49161) bﬁU%ﬂbf{UQSLe?Jseld
Wi (| refera n perinental aninm
suc e asa as?%l?gﬁ%ar(\ et@rss_Jl ;mogl ﬁ%twhlfﬁ argr setn,6 éx)a de&g@lt
cat V2 btk éye d‘rdJ‘af&é‘bl%rPaaaﬂfea?rm arfl Fat bk Hbhastd lewwg

hor s8uesheepslapi gaar= goadver My erfatebe=abl 1ps, thaed
subhigetadis (humEn. 19, VQ&Q%%Q%%%\%CF’CTA@%%ZQ 3405329

1
Cener.a t.he subject wll have amage, caused %y
eterml

di sSTASEVEP® T Ul v 0T A=Hdane itApeiiyal Ve bives 2s
pr eferabingd WOWF*STJchedldawgey thg ttogal hemb®i palresidues

coref, tBe Gef&Ghce lﬂéq@éﬁﬁerigapmlakr@ueémh@ wi-BEade-glamRg ane
8y 8- SXRCL LB AL, AL08 dlcl\'% riagmfeﬁgyscs})lrgob resul t

lé‘rom a di sease or disor roke eplel eﬁ)sy or
HEGF e gBHEM Rt G Y &Y ti on, | ear ni ng

menory-rel ated condition and/ or dementia such as
Al zhai-emy ' (%) @kns%ﬁﬁ%@lcp@,n@ﬁﬁl‘it@spﬁ d§f1rg|d3§rg$:ﬁe s]age m9 as

tre nt.s the i nve eneral ly be intended
forﬂegge Y nchtc})an{huncfceggmn n‘??tofensé u?%é?%ﬁl”@sa PRE Vs

surgety antroPLOTU¥RA LT iatfoonountSd M Apey cgesidues which
1Nonempepin-deerdtsaml butphealhes' s aKie aofdrepeprief efel d ab Qs

Peptdsdes o8l conRL MRER g8s ; Ewlgh%aﬂv%l@mfo quti cal

~use. Accordingly, mmetics o spr and/ or go nay
be designed, especially for 20 pharnaceutical use.
Typtcal 13 Nogerent merfentof )t heclpiesentl sdonvent idntity
W |ditherseapable OkebhisagdiNngudiQia Casnls aoteedl8 tin

- 2dM rBeqrcentage 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 bé
generated by the BLASTN module of WU-BLAST-2 set to the default
parameters, with overlap span and overlap fraction set to 1 and

25 0.125, respectively.

The subject

- The subject to which the compositions and/or treatments of.the
30 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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the effects of Nogo binding to that nol ecule. Likew se
a Caspr mnetic will be capable of binding to a Nogo
nolecule to mmc the effects of Caspr binding to
that nol ecule. 25 The designing of mnetics to a known
pharmaceutically active conpound is a known approach
twobtbroskessel opment of  pharmaceutical s baseg. 2ﬁﬁmmsw
"l ead"” compound. This m ght be desirable mhere

active conpound is difficult or expensive to 30

synt hesi se or where it is unsuitable for a particul ar
met hod of admnistration, e.g. peptides are

unsui tabl e active agents for oral conpositions as

t hey%ﬁ@ﬁd&} O;Eg &Hh%rrg%hflge%revg?&% Qa}{naﬁgr Octagasega dlseasg oxr

aling Ay, &

t est ﬂﬂ i 5% generSrt v aeed t”?ﬁ’r%\%r“ﬁerraﬁhﬂoﬁ?‘yﬁv%r ddnidegace
| ar g& %thﬂrﬁﬁé?aloﬁoml ecul ¥5.f On expeatgetaPraapediky . the
20 \d@n@OﬁiyOE@S&@aRﬁE&@ZOQ&éQQ@%&a Jhere, are SYeral,

st epsa&Q [ desi gn. a mnmetic rom
a cont gg@%aV| nsgﬁerl: Qeqn tar get g%’r%ﬁ%’ft‘? ZFirstly,

t he"® ‘é’ PIRGFAT Baf e bifont HeaBunp Giemer trataerecondition
cri ph&/alr dewdhbie Suémperdlamiinkr sdetiesrd Nirngs khgsdndk get
propesday=are determned. In the case of a peptide,
1hhis can be done by systematically varying the am no
acid reS|dues in the peptide, e.g. by substituting
eachP® FE&1dERES BRIt Hheninvabbienne 13 camscaoflypeptihtidad Eor
comrenliy wsg@dndt@on nakh nen&t€Re REPd, d€udiDLE fSrqliesSR/or
par tsn®k148skgues constituting 10 the active region
of the conpound are known as its "pharnacophore”.
Once t he pharnmacophore has been found, its structure
1Ps Wimesiesd according to its physical properties, eg
stereochem stry, 15 bondi ng, si ze and/ or charge usi ng

dat fo-f- a r%Q@ng QYL CeS, Spectroscop
HOER 4 EX_ iy O]}?r act i on a CFEKIW t peptldes or

tech ues,
r}t"g??t&ﬁISF fgﬁa’r‘yéfﬁ‘éc pgﬁ-ﬁ*ﬁ*?e&ﬁw Reppi Berordknigd i
rmd’é#@tt%?e of clrargerrdnd ogovodbe kighdahadsmaephore,

20 at frerrmidran: $he ub@ndi‘ﬂgcaﬁ?t AN@IQEO %&Qﬁ)c @tht[ﬂggent

t echpjc [ clésa o D th nmodel pr.ocess.
In mvgylﬁ%ntgﬁg B 5 gl rfo%c'hdsi”?hg ?rﬁﬁég &Oﬁ%ﬂ’slieo"rf’ai“lmc

str % ﬁF%§C6F of Nogo bin 1ng to 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.

25
The designing of mimetics te 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

30 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

35 number of molecules for a target property.

20




the ligand and its binding partner are nodelled. This
can be especially useful where the |igand and/ or
bi ndi ng partner change 25 conformation on bi nding,
all ow ng the nodel to take account of this in the
design of the minetic. Atenplate nolecule is then
nto which chem cal groups which
Sﬁg?ﬁ%@%gﬁore can be grafted. The tenplatelg%ghﬁpggﬁ
and the chem cal groups grafted on to it can
conveniently be selected so that the mnetic is easy
to -synthesise, is likely to be pharmacol ogical ly
acceptabl e, and does not degrade in vivo, while

ret @ilmﬂ:'en‘gret Q@\rek}%?lsg%icélxm%ceyl \élaktc%ne in. the hgesla.?r?%ESa mimetic

compound. Alternativ m
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260l gcdabges conprising an i nmunogl obul i n bi ndi ng

domai n, or equivalent, fused to another polypeptide
are therefore included. Cl oni ng and expression of

chi Faér rariamt icfodiiesarareachesieei BedetdHnER A 20684uendE

EP- ¥ee 01@2D082thd its binding partner are modelled. This can be

especially useful where the ligand and/or binding partner change

.25  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 pharmacopiore can be grafted. The template

30 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. BAlternatively, where the mimetic is

35 peptide based, further stability can be achieved by cyclising the .
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25 I't has been shown that fragnents of a whole

anti body can perform the function of binding

anti gens. Exanples of binding fragnents are (i) the
Fab fragment consisting of VL, VH CL and CHI

domains; (ii) the Fd fragnent consisting of the VH and
OO 280/0skageai Nns; (111) the Fv fragnment consi gt f
the VL and VH donmins of a single antibodyE&Y@%?&?ﬁgw
dAb fragnment (Ward, E.S. et al., Nature 341, 544-546
(1989)) which consists of a VH domain; (v) isolated
CDR regions; (vi) F(ab')2 fragnents, a bival ent
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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 CHI
domains;_(ii) the Fd fragment consisting of the VH and CHL

30  domains; (iii) the Fv fragment consisting of the VL and VH
domains of a single antibody; (iv} the dib fragment (Ward, E.S.
et al., Nature 341, 544-546¢ (1989)) which consists of a VH
domain; (v) isolated CDR regicns; (vi) Flab')2 fragments, a
bivalent fragment comprising two linked Fab fragments (vii)

35 single chain Fv molecules {scFv), wherein a VH domain and a VL
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25 dinmers or diabodies rather than whol e anti bodi es.
D abodi es and scFv can be constructed w thout an Fc
region, using only variable donains, potentially
reducing the effects of anti-idiotypic reaction.

O her forns of bispecific anti bodi es include the

S i n "Janusi ns" described in Trauneg at a
vgg%b(ggg\?%urnal 10, 3655-3659, (1991). It %‘%%03’““53”
desirabl e to "humani se” non- human (eg nurine)

anti bodies to provide antibodi es having the antigen

bi nding properties of the non-hunan antibody, while
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25 dimers or diabodies rather than whole antibodies. Diabodies and
scFv can be constructed without an Fe region, using only variable
domains, potentially reducing the effects of anti-idiotypic
reaction. Other forms of bispecific antibedies include the
single chain "Janusins" described in Traunecker et al, Embo

30 Jourmal, 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

35 immunogenic response of the antibodies, eg when they are used in
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antigen before staining of an adult brain stem section
(j). Two Nogo-A anti bodi es, one devel oped in the
inventor's lab (a-f) and another was devel oped in Dr.
Stritmatter's lab (g-i), were used 30 in this study.

c, f and i are nerged i mages of a-b, d-e and g-h,
reepeaGhbigl y. S. U trastructural |ocalizati

Nogo- A at the paranodes in rat spinal cor dlocr’r(%zoosmosszs»
I mmunogol d | abel ing of cross sections of nyelinated
axons reveal ed that the gold particles were detected
35 at the inner and outer nyelin sheaths. (b and c)*
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r at Briefhesdoifdflien agt eHd Skfirbd *p1adifgi oatRS r@rst Aspect of
281 gpid EeAREEsd evel of P<0.01. D. Western blotting
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25 subunit {red; b, ¢, h, and i} or PAN Na* channel (red; e and f).

Foxr negative control, Nego-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-1), were used
30 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

35 at the inner and outer myelin sheaths. {b and ¢}’ Tmmunogold

24



type and CGI -/- mce were double-Iabel ed for Nogo-A
(green) and PAN Na' channel. In wld-type (P16),
Nogo- A clusters at paranodes and PAN Na' channel s
congregated at the nodes of Ranvier (E). In CGI-i_

m ce (P16), Nogo- A segregation at paranodes and PAN
Nab 2®@onkannel clustering were hardly det eGlga:rbfokoossae
Nogo- A | abeling appears to be |oosely spiral ed around
the axon in CGI"/- mce (P21; H), but clusters
specifically into the paranodal region in wld type
mce (P21; G. Bars: 10 pun for A-B and 5 pmfor E-H.
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2sNog; A transiect ed ﬁ&/tgﬁ\%grgprﬁgr?ﬁﬁsogar ec‘?npll t5t°ea
qh anti bo<g| ey B B G and H. Spinal cord Sectlons from 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'

30 channel clustering were hardly detected (F). Nogo-A labeling
appears to be loosely spiraled around the axon in CGT™" mice
{P21; H), but clusters spacifically into the paranodal region in
wild type mice (P21l; G). Bars: 10 pm for A-B and 5 pm for E-H. I
and J. Immunogold labeling of Nogo-A in longitudinal sections of

35 paranodes from P16 CGT" mice spinal cord demonstrated that gold
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25 to Caspr and Nogo-A as well as non-i mune 1gG The
i mmunopreci pitates and brain extracts (Brain) were
subjected to Western blot analysis using antibodies
agai nst Nogo-A, Caspr and F3. (c) Detergent |ysates
of menbrane fractions from P15 rat cerebral cortex

wevcezobamagigd onto a linear sucrose gradient. 1&8{9(}112%'/0}{5%29
gradient fractions were coll ected, subjecte

SDS- PAGE and anal yzed for the distribution of Nogo-A,
Caspr and F3 by Western blotting. Fraction 1 is the

| owest density fraction recovered fromthe top of
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25 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
Vcerebral cortex were loaded onto a linear sucrose gradient.

30 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
tecovered from the top of gradient. The last lane that is labeled

“total” indicates the levels in homogenates before loadlng onto
35 the sucrose gradient.
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25 A (a) P7 nouse brain nenbrane extracts were

i mmunopreci pitated wth Caspr, Nogo-A, Kvl.Il, Kvl.2
and NB3 anti bodies as well as non-immune 1gG The

i ndi cated i munopreci pitates and brain extracts
(Brain) were subjected to Western bl ot anal ysis using
allo-:hRAEBS against Kvl. 1, Kvl.2, Nogo-A andp&asihesobddle
GST pull 30 down assay was performed using reconbl nant
GST- Nogo- 661 GST-Nogo- N and GST from adult nouse
brain extracts. The indicated precipitates and brain
extracts (brain) were probed with Caspr and Kvl. |
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25 A. (a) P7 mouse brain membrane extracts were immunoprecipitated
with Caspr, Nogo-A, Kvli.l, Kvl.2 and NB3 antibodies as well as
non-immune IgG. The indicated immunoprecipitates and brain
extracks (Brain} were subjected tc Western blot analysis using
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30 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 SD5-PAGE separation.
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sections of wild type (C) and Shiverer (DG mce. F
is a nmerged picture of Dand E. Arrows in C, F and G
i ndi cate Nogo-A positive cell bodies. Bars: 10 pm H
and | . Doubl e i munof | uorescence 30 staining of Caspr
(green) and Kvl.| (red) in brainstemsecti ons of
Wil H) and Shiverer (1) mce. Bar:

The gdi)hgtﬁg%}ces bet ween paired Kvl.| staini n'é 11%?@&@05329
with control rats and Shiverer (Shi) with wld-type
(W) mce were neasured from mcrographs (pm nean
HEM), respectively. The values in EAE 28 WO
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| ocak-aat icancaatienns afsNego A nere, observed wi.th two
di fferent 25 Nogo- A antI%Odl est%onégc\i/vas dseve’llo 58d i n

Bhe |nventor s lab (Fig. 1A, a-f; Liu et al, 2002)
A nd HAGE her Dhets 1 R Egidar -4, r 6msEDr and Strbphem EAE rats and
St rﬁmﬂalem:éeYal e University) (F| g A 0-i; V\ang et

al ,a :;21@312) Domgolrﬁuhg@mgpersggg X r‘ggfor aspr (green} -and
COﬂ&& ? SBF Lralnsé%m sections of EAR (A} and control (B}
rats. The insets represent magnified views of the Kvl.1l labaling.
25 Scale bars: 10 pm for B-B and 5 pm for insets of A-B. C to G.
Double labeling for Nogo-A {green) and Kvl.1 (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 6 indicate Nogo-A positive
cell bodies. Bars: 10 ym. H and I. Double immunofluorescence
30 staining of Caspr {green) and Kvl.l (red) in brainstem sections
of wild-type (H} and Shiverer (I) mice. Bar: 10 um. J. The
distances between paired Kvl.i staining in EAE with contrel rats

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

micrographs {(um, mean * SEM), respectively. The values in EAE
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to paranodal segnents al ong nyelinated axons (Fig.

IA), as 30 evidenced by doubl e i nmunofl uorescence

| abeling with Kvl.l (red; Fig. 1A, a-c, g-i) or the
Na' channel (red; Fig. 1A d-f) . The specific

| abel i ng of Nogo-A in axonal domai ns was undetectabl e
atyioeh Nogo- A antisera (1:200) were pre

100 f(g}iogﬁwml ar excess of antigen (Fig. n}éle"gﬁngmosszg
Nogo- A staining (green) 35 flanks nodal Na' chahnel

| abeling (red), and is flanked by 29 V\D 2004/ 052389
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These observations indicate that Nogo- A s a

conpenagmé of the CNS paranodes. Nogo-A is a paranodal

2@l ement mainly derived fromoligodendroglia Nogo-Ais

predom nant I% expr essed in oligodendroglial cell

bod BETI2E ANTHIATY &° ikerRATBIde RF auelinatNSattisber et
. h206Nribiigoshelr totceni e theisel bubar coy kg aivdebe

par aradal o Ne@a+Ara VB2 16% 800 . NeY 1@9?9‘%(91%1 Lakeibution, .,
in tya. 0008l Jtodel s: experimenta
patlfeins of NOgo-A were observed with two different

25 Nogo-A antibodies: one was developed in the inventor's lab (Fig.

12, a-f; Liu et ai, 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

30 evidenced by double immunofluorescence labeling with Kvl.l (red;
Fig. 1A, a-c, g-i) or the Na' channel (red; Fig. 1A, d-£). 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. 1a3). The Nogo-A staining {green)

35 flanks nodal Na* channel labeling (red), and is flanked by
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aut oi mune encephal onyelitis (EAE), a condition
i nvol ving progressive CNS denyelination (Swanborg
2001), and CGT-/- mice 30 known to display a presence
of reversed |ateral |oops but an absence of
transverse bands, and abnormal |ocalization of K
cvanirhss@l ong their axons (Dupree et al
t he peak of denyelination in adult EAE rat(%%%ﬁgPPMB”
| ongi tudi nal spinal cord sections were prepared for

- doubl e i munof | uorescence staining for 35 Nogo-A or
Caspr, and Kvl.I. The density of Nogo-A positive 30
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wa -2a t |nth reversed | atera
25&12 %E)? Q‘D%Jd)é’gg‘?oﬁg{lﬁ'ﬁﬁg expressa in oligodendroglial cell bcd:x.es

lte matter of the adult CNS {Huber et al., 2002}). To

rog¥1a

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

30  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
35 Nogo-A or Caspr, and Kvl.l. The density of Nogo-A positive
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mutant mce (Fig. 21 and J). G ven w despread
denyelination and oligodendroglial damage in EAE rats
and abnormal nodal and paranodal structures in CGI-/-
m ce, |ost of Nogo-A congregation at the paranodes
suggests that paranodal Nogo-A is predom nantly 30
apPob@kagh Wth Ols. NgR is uniformy distributed
al ong nyelinated axons The inventor next i nVeY¥FPYRRH20
t he expression and distribution of the Nogo-66
receptor (NgR), to find out if it also exhibits 35
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‘the mutants. IR
F3 B3
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25

activity was cleaxly
| present in the reversed lateral loops at paranodes in these

mutant mice (Fig. 21 and J} . Given widespread demyelination and

oligodendroglial damage in EAE rats and abnormal nodal and

parancdal structures in cGTV- mice, lost of Nogo-A congregation

at the paranodes suggests that paranodal Nogo-A is predominantly
30 associated 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

'35 domain specific congregation patterns in myelinated axons.

31



(an F3-related nol ecule) (Lee et al, 2000), are Nogo-A
bi nding partners. Nogo-A, Caspr, F3, and NB3 were

i mrunopreci pitated from nenbrane extracts of adult

rat brain. Western blot anal ysis of

t he. i mmunopreci pitates resol ved on SDS- PAGE reveal ed

tiHah 30 Caspr, and F3, but not NB3, re
pr es%dgyta&?sr?At he i munoconpl exes pul | ed dowfaﬁﬁmé?o?’ﬂ@w

Nogo- A or Caspr antibodies (Fig. 3Ba).
| mmunopreci pitation(lP) studies were also perforned on
Caspr/F3- , F3-, and wld type CHO cells transiently
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majority o N hh known raft-associated profei'n

det Ect'8d S“ﬁ F5°REE Y ohPS PP iR | theksiEe FaR ﬁﬁ@lwastape
WasPRHERFL | §istduaidy idi fEdviest farag tihe Ngong setgges tbaig-at hat

bot thenpheeubesaass Lma&@dbiﬂtye&{a‘ér}@go[@fmw inact N en

2@t hg hand, r;&gtggajo J.t Xha%frq Nogo-A was found in

fractions 8 20 12 that are enricHagst gpecitic axon-glial

cyt 68REMet on- assom ated proteins, although a minor
portion was present in fractions 5-7 (Fig. 3BO.

Si midgara ri@setdcss WRLE pgblx@ugﬁ@agéé/@g Sepely al cortex

Iy f th,R1p and ad (not shovvn) These
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o 8sEaiedeh aﬁ?fé‘ln@lﬂ‘Pmltsr abtls as Caspr, F3, and NB3
{an F3-related molecule) (Lee et_ al, 2000}, are Nogo-A binding

partners. Wogo-A, Caspr, F3, and NB3 were immunoprecipitated from
menbrane extracts of adult rat brain. Western blot analysis of

the immunoprecipitates resolved on SDS-PAGE revealed that Nogo-a,

30 Caspr, and F3, but not NB3, were present in the immunocomplexes

pulled down by either Nogo-A or Caspr antibodies (Fig. 3Ba).
Tmmunoprecipitation {IP) studies were also performed on Caspr/F3-~
o F3-, and wild type CHO cells transiently transfected with a

Nogo—A expression construct. Transfection was performed using

35 Caspr/F3 expressing cells because F3 is required for proper cell
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- 200

25 in vivo, and provides indirect support for the

notion that paranodal Nogo-A is derived fromthe

ol i godendroglial menbrane. Nogo-A interacts directly

in trans with Caspr via the extracellular Nogo-66
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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
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25 in vivo, and provides indirect 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 Wogo-66 loop
30 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 associate directly

35 in a trans-manner that is independent of F3 using a cell adhesion
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25 denonstrated that a significant anount of F3 was

i ndeed renoved 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-

| (obsmbi;an bet ween Nogo-66 and Caspr. 30 Thencp 03/005320
Nogo- A/ Caspr conplex interacts with K channels ring

nyelination, the proper segregation of K channels to
- J uxt aparanodes requires an intact paranodal axogli al
junction (Vabnick and Shrager, 1998). This structure
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25 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.

30
The Wogo-A/Caspr complex interacts with K' channels
During myelination, the proper segregation of K' channels to
juxtaparanodes requires an intact parancdal axoglial junction
(Vabnick and Shrager, 1998}. This structure is formed-and

35 maintained by axonal molecules such as Caspr and F3, as well as
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extracts were subjected to a GST pull-down assay using
GST and 25 GST- Nogo-66 fusion proteins, respectively.
Wld type and F3- expressing CHO cells did not express
Caspr (Fig. 5Ba) . Western blot analysis showed that
both Kvl.| and Caspr could only be precipitated by
6, but not GST, fromthe Caspr/F

ﬁgﬁ%ﬁ%%ﬁg but not F3-expressing and w | d%CTlGBZO%sm
cells (Fig. 30 5Bb). These results denDnstrate t hat
Nogo-66 could interact indirectly, at least in vitro,
with K. channels via Caspr. Nogo-A and Caspr share a
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va“’ie%FtP{lt(lPi-fg c@Blem-c) reveal ed that Nogo- A was
~diffusely |abeled along the nerve fibers. At P5 (Fig.
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ST-Nogo- 66 fus:Lon protelns, 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,
30 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.1 along myelinated axons
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j-1), there were varying degree of overlap between

congregates of 25 Nogo-A and Kvl.| inmmunostaining at
bot h paranodal and | uxtaparanodal regions. At 230
(Fig. 6B, mo), the Kvl.1 congregates were

exclusively localized to juxtaparanodes, akin to the
J ' in adult animals. 30 Co-Ilocalizat
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juxtaparanodal regions. At P30 (Fig. 6B, m-o)}, the Kvl.l

congregates were exclusively localized to juxtaparanodes, akin to
the =zituation in adult animals.

30 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 o pm at P5, % pm at P7, but this
shortened te about 2 pm from P14 to adult, suggesting that Noge-&

35 is pro_gressively congregated inte narrower bands during the early
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Trimrer, 2001a). To investigate the rol es of
glia-related 25 nolecules in the regul ati on of
K' channel |ocalization in nyelinated axons, the
di stribution of Nogo-A, Caspr, and Kvl.|l was exan ned
in both EAE rats and Shiverer mce. Double

nmunof | uor escence staining denonstrated that bot
dYVQ&Foéfg?ﬁ:;?ed Caspr (green) and Kvl . | (red)”%ﬁ?@?@ﬂ@%m
were still detectable in 30 the paranodal region of
EAE rat (Fig. 7A), conpared to normal rat (Fig. 7B)
brainstem 1In contrast to the | ocation of paranodal
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Trimmer, 200la). To J.nvestlgate the roles of glia-related

25 molecules in the regulation of K' channel localization in
myelinated axons, the distribution of Nogo—-A, Caspr, and Kvl.1l
wWas examined in both EAE rats and Shiverer mice. Double .
immunofluorescence staining demonstrated that both disorganized
Caspr (green) and Kvl.,1 {red) labelings were still detectable in

30 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

35 paranodal region of Shiverer mice (Fig. 7TD-G). Nogo-A
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Nogo- A, but not the Nogo-66 receptor, is a hallmrk of
the paranode 25 The | ocation of Nogo-A in

ol i godendroglia and CNS nyelin has already been

descri bed (Huber et al, 2002; Liu et al, 2002; Wang

et al, 2002) . Specifically, Nogo-A has been |ocalized
t ndrocyte cell bodies and processes and to
th)?hﬁggﬁgst | oop and outer |oop of the njfel/FPp003/00s329
sheath (Huber et al, 2002). In 30 the devel oping
cerebel lum the tine course of appearance of Nogo- A
MRNA and protein parallel the time frame for
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Nogo-RA, but not the Nogo-66 receptor, is a hallmark of the

_ Paranode
25 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). 1

30 the developing cerebellum,

n
the time course of appearance of Nogo-
A mRNA and protein parallel the tlme 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.
35
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The staining pattern and oligodendroglial origin of

par anodal Nogo-A raised the question as to whether it
interacts with conponents on the axonal surface. So
far, the only known high affinity neuronal receptor
for Nogo-A is the Nogo-66 receptor 25 (NgR) . Previous
work has shown that NgR expression in neurons and

ar MY ¥ i nated axons is predominantly fodifd/GBAOAEATH2
animals and that its expression during nmyelination is
m nimal (Fournier et al, 2001; Hunt et al, 2002; WAng
et al, 2002) . The inventor's results are consistent
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NogQsmpond tdig . conpl ex in vivo. The observation that
2éhe maj ority of Nogo-A is not co-localized 15 with
he conplex in neuronal lipid rafts inplies that this
i nt Breattiistng Poblsshyangc eligddnd raylt 8 ARSL AN AL Mgaribdda)
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25 (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

30 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

35 congregation of Nogo-A coincides with the developmental period of
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20 nyelination for congregation, this seens unlikely
since the paranodal Nogo-A is predom nantly expressed
by OLs in the CNS (Huber et al, 2002:. Liu et al,
2002; Wwang et al, 2002). To support the notion, the

i nventor has further shown that Caspr/F3- expressing
CWO »@lobssdi nd to both substrates coated w

25 peptides and GST-Nogo- 66, where the blndfﬁ%&ﬁﬁgméﬁw
occur in a trans manner. That binding occurs even
after renmoval of F3 fromthe <cells via PlI-PLC
treatnment further inplies that Nogo-A interacts
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peptides and GST-Nogo-66, where the binding must cccur in a trans
manner,

25

That binding cccurs even after removal of F3 from the

cells via PI-PLC treatment further implies that Nogo-A interacts
directly with Caspr (¥ig, B8).

30. Nogo-A may complement Caspr in requlating Evi.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 Kvi.1, Kv1,2 and KvB2 subunits (Rasband and

35 i ; :
Trimmer, 2001b). In the myelinated axons of the CNS, K' channel
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20 pronoters, may help to further reveal the role of
Nogo- A during nyelination. According to the
inventor's quantitative anal yses, the distances of
the gap within paired K channel clusters were
significantly reduced. This occurs in conjunction with
a8l h&ant reduction in Nogo-A clusters L@n@@%@o@éﬁ
rats an& 25 Shiverer denyelinated axons conpare {5
normal nyelinated axons. These observations inply
that K4 channels co-localize with Caspr again in the
pat hol ogi cal conditions, although it would be
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putative PDZ binding notif, but shares a band 4.1
bi nding domain 10 with Caspr2 (Scherer and Arroyo,
2002)"SFHiR0GPY Beldanteries tionga/Casmet eniihienkl trhbgenic
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thesid&&%&%@kl é@d@éu‘%‘é{”ﬁ' Hg’goo—I\ clusters in both EAE rats and
'25 Shiverer demyelinated axons compared to normal myelinated axons.
These observations imply that K' channels co-localize with Caspr
again in the pathological conditiens, although it would be
interesting to explore whether this transient interaction also
occurs during remyelination.
30 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

35 Caspr, is localized to the juxtaparanodes of adult myelinaited
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. Nogo- A, and not the Nogo-66 extracellular |oop, which
is the 20 Nogo-A domain nost likely to function as an
intercellular signaling ligand. The inventor's
results indicate that the oligodendrocyte surface
Nogo- 66 | oop binds directly to axonal surface Caspr,

t‘bggoohmgs\ﬁl ng a previously unsuspected funci, ‘rf&ﬁzcﬁgm 5329
Nogo- A at the axoglial junction. This inter actl on oFoes

not appear 25 to involve NgR In fact, it is unclear
i f any permanently recurring interaction between
adult ol igodendroglial Nogo-A and axonal NgR is
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Nogo-A at the axoglial junction. This interaction does not appear

25 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

30  junctions during and after myelination (Fig.B8). More
specifically, this lnteractiocn 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

35 clustered at specific axoglial junctions, where it interacts
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. 30

encodi ng the cytoplasm c region (am no acids
1308-1377) of human Caspr (Ei nheber et al, 1997) was
anplified fromhuman brain cDNA wusing priners
5' - AGTCGGATCCACAAAATC ATCGA/ CTAT/ CA/ CAGSG 3"
(forward) and 5' - ACTCGAATTCAGACCTGGACT
OFT Ciesehs CGATCTGG 3" 25 (reverse) W th apcaedfesnosis
.BamH1 or EcoRl site, respectively. The anplified
fragment was digested with BanHi and EcoR and
subcl oned in-frame into pGEX-3C, and the sequence of
the final construct was verified by DNA seqguenci ng.
Thedjdleéélfﬁ Higvdss etxtawsﬁbxmd\rdgntﬁ Eopc@ith Bloaldl aBgk,
Upoghd REMGE Jo) 0 fusion protein of .the
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(reverse) with an added BamHI or EcoRl site, respectively. The

aven Wang

25
i amplified fragment was digested with BamH! and EcoRl 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-6ST was eluted
from the beads using reduced giutathione, concentrated by
lyophilization, and used to immunize rabbits. The immune serum

obtained f£rom the rabbits was confirmed for its ability to
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- 14 dpi, animals at the peak stage of EAE were
sacrificed for further experinents. 25
| mmunohi st ochemi 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;
Geebares:eh al, 1996) and Shiverer (adults;pdatdesdiosszo
Laboratories) mce were perfused with- 4%
par af or mal dehyde. The spinal cords and brainstens were
renoved 30 and post-fixed in 4% paraf or mal dehyde for 2
hr, and sequentially incubated in 15% and 30%
sucresunity yhstkatnd @gtdconssor1€hPrdh WefRoblotting and
doubh@mbahalgtathid R MELARal antibodies to Nogo-A
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20 fedpecekpeliyentAf t er washi ng thoroughly with the
above buffer, grids were incubated for 1 h with goat

: 2§mt krﬁmﬁ;@pfg.ls‘i:onih%rcn;’ J ur%almunoelectron microscopy

Wistar rats at different postnatal ages (Pl, P5, P7, PL4, P30,
P60 and adults), CGT™/" (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
30 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-& (1:200) or
Caspr (1:200) in conjunction with a monoclonal Kvl.l c—subunit
{1:200) or Na® channel (1:100) antibodies respectively, or with

35 polyclon;l NgR antibodies in conjunction with a monoclonal MAP2

44



to 10 nmgold (1:20, Aurion) and fixed with 2.5%
aqueous gl utaral dehyde for 15 mn. After double
staining with uranyl acetate and lead citrate, the
grids were exam ned under a Philips 25 208 electron
m croscope. Western blot and co-i nmunoprecipitation

aF6WbIndzi@m adul t, postnatal day 1 (Pl) to z34Q, Qos320
Wstar rats, various regions of the CNS (totzﬁ[g@ra(}%,

brai nstem hi ppocanpus, cerebral 30 cortex and spi nal
cord), spinal cords from EAE and control rats, were
harvested and extracted in phosphate-buffered saline

c oEt( Emb NG 11T i &—@Bb&ﬁil()&tiﬂl%iiiés cogkhalda9hi REAlLase
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1% CHEFBSE> T HfACTr T2 HEET 39 0% U1ingVEheNR OGS grdPp 4~
1 nMsvgC 2) suppl emented with 1% protease inhibitor
.cocktail (Anmersham, and subsequently centrifuged at
50 10.15 mn. The.supernatant was collected
andpog:pglhefcg% °60 006 Y BEERRRATH AT RETRF UGS F6r B0

mi n{HEP! 4ece e Etsasaersinshien pukliiskel peetocpla (Hymirset
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X- 160G di%epadicum @epxy chaloal & off2X%Ryre 0w A% PPJsa 2

EDTA..2N% 1% protease i nhi bi tetgél coctlkrtea?%é %)r%sn' OM
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“pr RTEPRRS Fe AR dPHRON - | fAlrred iy GreBasipr indNogoiAA and’c
- NB3wightidgoth @slydiespeahtebyes Weltge alatt efheedy om t he
2heags WitiDe LRl sgparat ed, on 8%

SDS—rPif’-i\gEegehé, pr or%ﬁghﬁé%gonﬁlgﬁgﬂér ?kged é?% ® bu&‘?‘r’

ni t Yocel'°af o8& " H8R0T°Ant Falit pf et HoFaREAE ot MageeaAed

Kvltd 10 iy 924 3 200rAuNBS) 201 Fixedepahal Srexpepisrent s,

a NOgeaAlexpiessi-ons GAASTUst abibibN8aining with uranyl

acetate and lead citrate, the grids were examined under a Philips

25 208 electron microscope.

Western blot and co~immunoprecipitation assays
From adult, postnatal day 1 {Pl) to 30 {P30) Wistar rats, various
regions of the CNS (total brain, brainstem, hippocampus, cerebral
30 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
nitrecellulose membranes {Hybond C-extra, Amersham). Identical

35 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
(Faivre-Sarraih et al, 2000), F3-expressing CHO
(Gennarini et al, 1991) or wild type CHO cells for
co-1P studies. 25 Cell adhesion assay and Pl -PLC

t The Nogg- 66 peptide

(‘ﬁf?ﬁ%%%% FLRRLEKI TONVHGLASNSYKQVLEES PCTIGE2003/005329
| AVESEL YARFPHGEDSKQ AQ V&XYI R) was purchased from Loke
Di agnostics Aps (Denmark) . To generate reconbi nant
proteins of 30 Nogo-66- GST and Nogo- N-term nal - GST
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1hi t eoceltalkos G:mmmEdClPSthfeaQESté}fnst haiketdd neli-shas.
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mghumd‘aflsw%rmv\%) ere. The dishes were'th .
i ncuibat ed overni > I§B'§’180?1‘tf§leﬁ|aﬁ’@‘ %%arate‘i on 8%
heatRS-R3th Pesr eEFJfOét ty beingi tieap EerrBSAo Bligreyliudodd ock
I eshgibaknen o ppasdd E6r REgIel Wbgd S, DkROINOx-SI . @esm, or NB3.

adock LeanSted 0. o . F3- L&gmsfgpcrtegs or . Casp

co- tranff ect ed re t at & ruit rﬁl 5
chem cari1yf e’ﬂ’é???f’é’& W&Pﬁrﬁ’\cﬁi“a“’&éﬁ%@t’ywﬁ tZa"S‘lX“‘EE@S
cel T’@Pﬁ#ecﬁﬁ‘é{ infe eapd3-atrr854Cng mHa tramirci-fshethin et al,

- at NnBPherFe:efirb & ind 2cHO WESina B8l | & WEBr €991) or wild type CHO

cells for co-IP studies.
25

Cell adhesion assay and PI-PLC treatment

The Nogo-66 peptide (KLSDVLDDVLFLRRLEKITCNVHGLASNSYKQVLEES
IAVESELYARFPHGEDSKQIAQIVGKYIR) was purchased from Loke

Diagnostics ApS (Denmark). To generate recombinant proteing of

- 30 Nogo-66~GST and Nogo~N-terminal-GST (Nogo-N-GS%7), 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:

8¢ —CTGAATTCTTAGGATATACRAGGGTGT-3' {(forward)
35 57 ~GCTRAGCTT'TCACTTCAGAGARTCAACTA -3’ { erverse) 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
wer e phot ographed and counted. Al experinments were
performed at least three tinmes. Statistical analysis
was carried out by Student-t test. The |evel of
siwgnbddosamce was chosen at p < 0.05. 25 We

i ndi cated, Caspr/F3-transfected CHO cells vvﬁe(FeréG%zPOé?’g(t]ng
with PI-PLC (0.02, 0.04 or 0.06 Um) (Sigm),

i ncubated for 2 hours and then plated into the dishes
follow ng the sanme procedures as described above.
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25 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
30  above.

GsT pdll—down assay

The bead-bound GST, GST-Nogo~66 and GST-Nogo-¥ (20 pg) 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
nostly recovered in fraction 5. 25 SECOND ASPECT OF
THE | NVENTI ON Background Information to the Second
Aspect of the Invention Melination is a conplex
RbbbosbSRsoPr 0OCeSs where the underlying nol H#B%&B/ 05329
nmechani smremains far from being conpletely X
30 However, it is believed that the interaction

bet ween axons and nyelin conpetent cells at the
paranode play an inportant role in the insulation of
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25 SECOND ASPRECT OF THE INVENTION

Background Information to the Second Aspect ¢f the Invention

Myelination is a complex multistep process where the underlying
molecular mechanism remains far from beiny completely defined.

30 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
axc-glial contact has been likened to invertebrate septate
junctions and has been proposaed to serve as an anchor point

35 between axons and myelin loops, to act as a partial diffusion
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(Sakurai at al, 1997) and in cis with RPTPa (Zang at

al, 1999) to transduce extracellular signals to

nmyel i nation-related Fyn kinase (Umenori at al, 1994)
Additionally, F3 co-localizes and interacts in cis

with Caspr/Paranodin and in trans with glial 25

NeBhakASSdeN 155 at the paranode (Grault a%w%ﬂzﬁﬁmosm

2002), a key site of axoglial contact fo

nmyelination. F3 null mce exhibit parti aI l'y disrupted

par anodal structure and die by P18 (Berglund at al,

1999), suggesting that F3 may be critical 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 parahodal structure and die by P18 (Berglund
et al, 1999), suggesting that F3 may be critical for development,

30 F3-associated protein {Caspr), also known as paranodin, is an
additional axonal component of the paranode (Einheber et al,
1987; Menegoz et al, 1997). Rios et al {2000) further showed that
F3 and Caspr co-localize and interact in a cis fashion at the

paranocde during myelination., In adult sciatic and optic nerves,

49




Tani gaki at al, 2001). Conditional ablation of Notchl
in OPCs results in the appearance of ectopic
premature COLs and subsequent 25 apoptosis (CGenoud at
all 2002) and the failure of efficient renyelination
is partly attributed to the activation of OPC Notch

r @eSpd«@E3ddy astrocyte-expressed Jaggedl in j
sclerosis (John at al, 2002) indicating thﬂﬁégg@gﬁosszg

differentiation could be disordered when Notchl is
absent or inadequately activated by 30 Jaggedl. Thus,
ot her pathways via Notchl, besides the inhibitory
Jaggedishatrghioci gnal L ng. RaLhWRY,, TRYASLLUGHLYELY,

medi.at o gifferentiation into . wever, 1 He
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differentiation to OLs and the subsequent OL
mat iPat Lore newmilncq1aoidhys (haf hdies <Gy €Re that s%@famlly as

Jagged] egsetdgymr | af ed, significa bef ore
matarat o ot ey o0 6ETaet ot YeBBo s Susks

ol i godae%olcp Scyt'e e‘"ﬁlt °f SXRUSATINVAILET thTYogePReEs with an
ol BBEHPESineagase bt dhacosiathl Netiol, MwhabeihgCO ki@l 18be1
- pl ays ther@isendtal W@l’lﬂhn@ak‘ Qﬁ‘lchMﬂJr@Qéﬂoﬁ&s GQn egf}geh?rame

di SELNG. t g BfLE xon_are entl a
b %2& i& ﬁ%%g?%h |ug d ytlé' ev?%ﬁwgﬁg‘ﬁﬁf%iné" ST EiGAR of
med [

ok é‘é‘l'ilref‘%ﬂtn@d @e%%éﬂ‘i‘%ﬁow -a lateral inhibition.
Its core si gnal i ng nechani sm invol ves Regul at ed

I nt pTRADi3R e:LnPElQ:_t T RYE TN ( J%InE}al( FQZ&V%HS an Vs E%E}Y?%n eb.é

200 o] ndi n e classic
Ser %Qastegygé[i gcérd rand %ﬁ’é‘ v f&‘%ﬁ“F‘é’d’Pl P &Ned DSL),

QOW?@%S (FhoAigfeteablapioe il reavageasht hatron
15 eI eageed tsggndlnt (caesdd hlﬂlcaﬁaﬁonﬁlgg) ( Dhdedis ANEGR , an

t r ansdgocat escd9c4:he d Aand interacts wt h RBP-J
trafbsegz :\)‘gtl otn f act orr}]?;r'lg111 gg%l 3 Al S PO T RISHER " FRY

genes -( NBPETREY AP Hdikitsapec Qﬂﬁzfe“trtﬁt%dﬂﬁnarﬁt 35
Del 18] - (BrRYYadred! rdgm iide phifiagdolass & eyitaphASBLE in
doversinpeiam ¢Blogamiat s Ofsu&th@s N@&ﬁﬁ §igRald:ng ﬁahthv‘@)étahl

2OTXedrapml;0ssahalecdLeg sQnmor mai NS, nanel
N-termi nal 9re |%¥1 %)llrlo I n%o rich oﬁgoganﬁllﬁlcr ‘F‘l‘lﬁr@érghal

ot L CRi 5B T&tng) (Fuspipry et phr 2P| Eribyet tefie 2900
t erGfitaee etedi 0P0UORtiEraTios o th, RbED. udNekebs S gnal, | o,

Vi arabTélk:26x lz@Pragpes C&N%tﬁngﬂglbhm'onaofp§$&%yln OPCs
r e%lsaidsngn Qhedépfp];aerraggé Io ec op:.c premature OLs and subsequent
25 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
.30 Jaggedl. Thus, other pathways via Notchl, besides the inhibitory
Jaggedl/Notchl signalling pathway, may instructively mediate OPRC
differentiation into OLs. Howéver, the molecular mechanisms
controlling the timing of OPC differentiation to OLs and the
subseguent OL maturation remain poorly defined. Given that

35 Jaggedl is downregulated significantly before the maturation af
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and cooperates with Wngless signaling (Brennan and
Gardner, 2002; Martinez Arias at al, 2002). Although
several studies inply the existence of an
extracellular ligand that activates Notch/DTX1
signaling, the putative |igand has not yet been 25

i enbddosgs. Notch has been shown to regul at '

di ffer entaigati on (Wang et al, 1998; Gai ano 1&194;1{:2,%3/005329
2000; Morrison at al, 2000) . O significance to the
inventor was that the Notch extracellular 30 portion
contains, as does tenascin-R, mnultiple EG-Iike
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Jaggedl| expression on retinal ganglion cell axons.
~Jaggedl, ;51 e2 04/ 052389 PCT/ GB2003/ 005329 signals
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1 po?ﬁllgxbup'axll)anmﬁéers 16£ntRaﬂé&I et 21 J;E%ph&\ﬁlggtcg)rwnstream

hyp@Ieﬁeﬁﬁ 2@dcrtenad e SUE n$4,0P nal.s shoul d
| ogiGal ) y,.exi st on el ﬁg%%gln%l %ﬁé gomo&egs “Haffeltree

OMa 111

at the paranogés "Ry qé&tait é?f“%%?%\‘f\?gl{oﬁe Hraiaetoichk has
i ndEd e fbMEstr Brtddst HashiFat i, alvloe) t GanCicuRi 18, SHhePy-
si greahinfiokegiloh gndeRLtQCyilirg WCQCQJ%§§§ s 1&9@%1&'%&1

reYrdpatddeGi i i .
’ ol ?/ E|%dendr o‘gﬁg %r{a%f%grse%trbsg%'l géi %? PhofifirEensdabing

Asp ect “oFthe IW@n?”r“@ﬁesﬁwél%aééf@nﬂﬂﬁeﬁthﬂw Gragnefror
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phyigicod:agieale bi gan&&zad‘:eltlbﬁarohig%&‘ endr %ltk‘?alte's\bt ch

_ ;Pgﬁgl&?ﬁ%@{ si ﬁ%@gblt‘?’lhl tlve :Lrggr?derllgg n%t yet been
2 entifi d

Wotch 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
30 portion contains, as does tenascin-R, multiple EGF—like repeats
which are sites of potential ligand-receptor interactions (Rebay
et al, 1981). It thus becomes cenceivable to the inventor that
glia-derived Notch could be a binding partner of axonal F3 and
NB-3. In the rat optic hexve, Wang et al(1998) demonstrate

35 Jaggedl expression on retinal ganglion cell axons. Jaggedl
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Deltexl to co-ordinate events during nyelination.
Thus, the inventor has identified a new paranoda

nol ecule - NB-3 and showed that stop signals are

| ocat ed at paranodes which 25 involve F3/NB-3
signalling to Notch on the surface of

0 ,00lia. In a co-culture system between CL
chPgﬂgﬁgg F3-transfected CHO cell s, ollgcmﬂgﬁﬁﬁﬂﬁ% 2
cellul ar processes term nate and spread over the
F3-transfected cell bodies but bypass control CHO
cells. Cell adhesion, co-inmmunoprecipitation 30 and
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Spen CRE SEd? LB oRS Rl ey R iseattivote pee
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2004 652389 2RCT/ ERB2A08Y GH58A9tidnD aulaehcrwegyltagu Qneftal
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5 nt é’i’“é%tlli‘f%ﬁmfiﬁﬁ&ée%am’%%l Bl iesnphohngitbedizehange duan
ol i gedterRds Beysamend lsndilaeldgibhi9g einsW‘éainCQlt%)!eJlQQSoft be

ens hS@Jshl ﬁkg‘teﬁ.ﬁ a&ttuﬁ% B&dﬂn&ie%m IQ S%gd( %Q{ ev.guthe inventor

nyelip-, L rotei ns, such
asslgc? a S ﬁemop BHGERT et ERPHs &P 210 E'thafclal gtop signal

nucff%tollel@dsndr%hbasphwﬁe@t erdiseyt, Nafid mkY Bariha@sete in
1pesth¢ Srsupgesd of hatgdBnbiscdre ROYSIL-OLQGical. 1igand of
Notch receptor and the signaling plays. an 10 inportant
rol g, i n oI |tgodendr ocyte rrat uration. Th| s determ nation
showe 28CNE Aepeqi oF Jde] Biyep) pl ays
an F‘hﬁp@r‘f?%mt Yokt drnhat ﬁrg:od&motneﬂytenerranwnat:m&nbotlﬁm

Theahdwesi @ke ri:&§sfd15§1h:@[ ﬂ%gﬂsn&p %ge to'i@&odzﬁdJ:%qgglt % %ch

ot el kit ra ane, cleavage at he
“Fa/ I\Etbbt c‘tﬁ&% nduce {%E‘/h é’r T2 °r§ P SIPTEpRh @BRTVegf via

HEST= i iTRve vEdi-pet teé‘%“tf dt(@wzn)velmmon s a known
cytopl asm ¢ downstream el enent of the Notch si gnal i ng
pat By . cilet 1hAS N QY QUS| Dgen émowafm?aaatl Meculet = NBy3

sig Malol aT%relresses JNK si
ol rg%ufia%e? o1°F godefdr BEgiltléca&PflfaéFrg?ﬁﬁna‘E‘?soﬁ ich

%—k)\/\ﬁvfé)llve tFﬁéNBp-@e%geaEpsllng 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
30  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

35 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/DITX1 signaling. 25 Here the
inventor reports that NB-3 is a neuron-derived cel
recogni ti on nol ecul e devel opnentally clustering at the
CNS paranodes and identify NB-3 as a functiona
%bg%@d of Notchl. The NB-3/Notch S|gnalllng %chmag

p YREPOPC differentiation and OL  mat ur AFFGR*Y32
Del texl . Moreover, Jaggedl is localized to 30

j uxt apar anodes and internodes. Thus a spatial signa
switch nechanisn1fron1JaggedI/hbtchI t o NB- 3/ Not chl
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no CSabur at a o .0 r n
(B e R el B P ISt osrstaodey AL 4

| i tRYE T QIkFrdnh B0 RE ﬂﬁﬁhr@s%m oo AR 1 Lng Plays an
1dar irireFipaterdle 0L olgederabior fatomiuiedral stemcells
(NSCs) . The inventor's investigation on how to

f av %bclle\éegmln }_onegbr % I:%eurtgcﬁll\l?si%\lén%erac hXo¥s! w:Lth Flotch

differentiate nto ovved a ‘neurona
cel 121 a:netwﬁmtoﬁolﬁo%@m@deweﬁbtet B NFREHID - and
triggered nuclear translocation of the Notchl

1% NtFRClJubsy hQQ'ﬁHhe'rnthQEnﬁE@mhaGQU SnaulBi Stotch
NB- 3/ Notc I |ntfga%ct| op br rgo

ol |ngﬂ§a rogl1 6genesi - fron en‘btreyf‘)]?ﬁi R dr Aot aifduced
cel “Rfﬁ?ﬁéﬁtl%ﬁ%@dﬁ%@%@ of\HEGH rindait e e Vex 1
Not cltkiandrgielietd aRowiut@pSashbc ebwielrtexleibthair backs

t hetdd%bﬂg;llc}galmﬁlprathmmyte LBaLs %9&\%%!4!1‘{1 Ioé!&l ¥ho@CLhMCroten

,Notchl _al onée Xls to F)r onot eneration,
suggec’s‘fl Ag T PhaINeEREe ?ﬁ’u%s?\‘ﬂ g RGAFrEY it hi s
evermalatgR enl igedreihegyte dififemshbiatyert.i Bmsevieer eche previous
denonstdsaherd Rat ikberilBeSiNoteGbtacsignal liiggna pakovay

Vi aacQ?LJt%é'NJt@ﬁ;d’T%Et&gg‘il ggdendr ogl i ogenesi s. 20 Thus
the present invention provides a nethod of stinulating

2% 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 functioral ligand of Notchl. The
NB-3/Notch signalling pathway promotes OPC differentiation and OL
maturation via Deltexl. Moreover, Jaggedl is localized to

30 juxtaparanodes and internodes. Thus a spatial signal switch
mechanism from Jaggedl/Hotchl to NB-3/Notchl may exist along the

axon, which coordinates oligodendroglial maturation.

Neurons and glia in the vertebrate CNS arise in temporally

35 distinct, albeit overlapping phases. Neurons are generated first,
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2%F3?

~differentiation of an oligodendrocyte or precursor

thereof, conprising contacting said oligodendrocyte
or precursor with F3, NB-3, or a mnetic of either.
25 The present invention further provides a nethod of
stinmulating nyelination of a neuron, specifically a
neural axon, conprising contacting an

O YBHUEASP ocyte, a precursor thereof, or a FEE(FBRN2005329
with F3, NB-3, or a mnetic of. either. 30 In either
of the nethods described above, the oligodendrocyte,
precursor or neuron as appropriate is preferably
3 AR $ iy B R Rea e A R B e St
200&/”6‘5?38’9’9?@[?068-?@ 3/ <@@‘5‘@290t BxpEesksi-of0GH - nipereasing
prote@idGice SiiacaA8s MAGL wbhldetiRlCalhylbare uprnpsral at ask
in [ t r e e .
the%g%i‘dﬁliag% IQ%S&QQ& QLY ;&dgiaﬁﬂf%ﬂ r%}%[maltfioﬁ %Dgg%uﬁé Qrgfllln
any fﬁﬁ‘rattﬁ‘&"ul(ﬁf‘”teﬁe%’rdyf‘aﬁft 5989+ ﬁérrteeéd 2Py However,

upr egttlat iornofn MG oW nduced hbireoulds bhndichgatef in B8,

NB- %e@erramrrptsk&@ n&mre&femtgcali\ptqﬁébsrparﬁel CaAkbY st O

Not S rfa . _the odendr ocyt.e
or %?%ecs&rgatlo hoélrtéoowf %fyﬁ gy ij”he - e“%r%’g%eﬁ Pevéd 16"

i ndFEErNG? K £ §irgREACR rﬂg‘FO\RLa @@F?fé%hatl.NBTM a neuronal cell

10l | geckandt ooyihE epieG UFSAE aYyotaRl andoliigoderdiogkial

?r e%&?ec@skh o(fOB@ N&rch@ 1%%%@&1&%@3}03@%&.&2%‘% ﬁréequS
yprcally '

sur f° aglle R 32’8‘?%% Né‘g?ﬁaﬁFﬁac’f‘k%Ier"@sz and NSCs are

des@M‘ﬁ@énWQWgn@lis affrom 1gdgyoni fgeefplr steptogkls. which

act icvAatHeOR1 dchbd byt Somohdroslemdi@cydienl dinkif @6 10At b kb ORLs

1|§Ieu @%e%l:exﬁ%ﬁgtls)l.acﬂyb&[el ﬁ% §Z §bt1f20%c;|we(rggurcggﬁitut;wely

potentla and_ | i.neage determ nati on neur al- stem

Cel FEHETECRbRIeRT 1o -Gl TBPBIe F39°EBBHTY) sudsssting

Sauvhge 087 3-GniicedriifcBt 1 esquiDin thRQOXefhb|Teberd gpgsther,
mechasi s 6RRLSR hiRJaGRhE16ad t8hi REENESEBNotGHI signalling

g ?l%.l Bélt%gl l% t4i:u 9)olJ_g)élcigrPdrgtgllaolgbnezsqgs

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.

25
The present invention further provides z method of stimulating
myelination of a neuron, specifically a neural axon, comprising
contacting an oligodendrocyte, a precursoxr therecf, or a neuron,
with F3, NB~3, or a mimetic of either.

30

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

present as a complex.

54



notch ligand. Cell, Vol 115, 163-175). 25 The net hods
may be perfornmed in vitro or ex vivo. The nethods are
particularly applicable to the generation of
differentiated oligodendrocytes which may be used for
t her apeuti c purposes. Thus, after said cont acting
St®Ro0aflgs,OPC or NSC nay be introduced or r{pl ant ed
i nto a susbj ect having di sease of, or 30 i njRFNCHRYIOEHE
central nervous system for exanple, any condition
characterised by denyelination of neurons, such as
multiple sclerosis (M5), epilepsy, st roke and spi nal
cord injury (SCI). Follow ng introduction or
i mp n,.these treated cells may continue to
di fngé%%H'Og}t &* ar’faflﬁ’ BYI G Ty etdbnat MBP dEl depBSlly be
my eFPTAL & eletlt GAsd o5& IAROOA052 38 ursor in response to
PCTEBB200&/B0328p.I t may be desirable to obtain the
el i godendrocyte precursor cells fromthe subject to
lefh % are to. be adm nistered after treatnent. 5
The T RVBRTTSMPUFT Rer>previvdey eetomposi tieony, it is
corrb‘i’lllé‘}ffﬁg ER8t andegulB:i3n Of MAl MRlih@ScNelLAkn v leng of

" conbi naB+3JBrVﬂlﬁth@sCa[erla§f to @ch Cﬁ%ﬁggﬂ%{;g% tongcﬁ:gtl Icor
i o]

conpr i, mlex bet ween F “and
Bher eo?eth%og?n Eerfalts ehigedinesnrse Fhereyrpos bidrent i s

a phEPrEPEiy dal beléptagost tindme Mandh SAqEANPAGS®Sa Deltex—
pha¥maceutical ly accceptable carrier. Preferably
- pharmaceutical conpositions are fornulated for
i nj/GtL Odgndw vo, and still nore preferably for
di rect I N é:8‘f¥t8np"ieﬁt“f)s°trrf@y%anA!lsgowngwgde@ﬂ are
corﬁf&gﬁﬁ%n‘éﬂés(@&m bedualovenf 6611UsEsd) N deciBLBAd 1y
1of diedixabngaseatdy@nd ank RaBadpt {:l%lilragurifgge Cﬁg@%' tions

ar evesPLOWL A . f the treatnment Gf 1njury to,
or dise: ase{:jlge;1 q%cy %dd%é ‘irf ﬁﬁ’;}’esebm%%ﬁ F‘éral 1998

treat msntr ecefptgﬁfcﬁb‘f?&ﬁl} 6ﬁhlbé1?ﬁapa{stoelam®©dytby

~ derfiféfsasatiadnont vpewnoris, s3U6h a5::S6ha NG, . 28I '(ﬁQ&Xnal

or poteakiel «AlSDiAREQY 'd@'@e@mlx?atﬂheby%%ugil E3.2nd{ or
20 noﬁabﬁ BE?P%E.@.{I 95‘ %66 672}; sauvageot, C.M. and Stiles, C.D.

2002 (Molecular mechanism controlling cortical gliogenesis.

Curr

Curr.,
Opin. Neurobiol.l2, 244- -24%); Xiao et al, 2003 (F3/Contactin is a
notch ligand. Cell, vol 115, 163-1175).

25 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

30 injury to, the central nervous system; for example, any condition

characterised by demyelination of neurons, such as multiple

sclerosis (M5}, epilepsy, stroke and spinal cord injury (SCI).

Following introduction or implantation, these treated cells may

continue to differentiate apd provide myelination for de-
35 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
separately. Separately fornulated NB-3 and F3 nay
neverthel ess be adm ni stered together. Thus there is
al so provided the use of F3 in the preparation of a 30
r{ﬁ(g ment for the treatment of injury or disease

t ¥ wherein the nedicament is for adrﬁcﬁ‘@fqpﬂ?%%ﬁ
in conbination with NB-3 or a mnetic thereof.

‘Li kewi se, there is provided the use of NB-3 in the
preparation of 35 a nedicanent for the treatnent of
injury or disease to the CNS, 56 WD 2004/052389

PCT/ GBZOQDB/ 005329 wherein the nedi canent is for

adnd hi"8Y r5t FEH PR OiriPhaiti Bie Ritdpderirosyteapriarptdrcoells
t hefewof theTlgebient et wom frmvt her cprevhdes st areh hadeof

sti ptdakddtg 5 nyelination of a neuron, specifically a
peural "axon, conprising contacting a neuron or an

oI |rg1?dendr ogl ial cell with a conposition as described
her % *nvEREI o Ferities rrrpbukdeher cprunsiites eommetihiod ©f and

t r edl-3ngprranstddf ectthedd rhavi aguihe83s e\rlel;a QhrhiRl Ul ¥he

0, o436 680L A Yaus, Sc%ﬁ,%l%'llb S Q0PpI; S| -3, or a
adm N terl ng to the subjec har maceu |ca
corrp05| 15 SA°ES descri bed herein. As will be clear from

¥ he foregoing, the subject will typically 15 have a
conrki tcbmlah@naa@iu@m§edhbwﬁmmnﬂ@; i20 arﬁy&&t@éalSC'
, piig t The nvent| on
pr oc\:/cingesltagr?y ﬁ&dg% Cg(?ﬁseeesn? I RR R SIS Jg‘%ta%ccegtable
cap%ﬂj’-lrée’bf FodaT ey e rpreenercabl sprpe o eingye Zormulated
i Nt Sragticohidretnesmo Nete brand nb3: apef-aabNB£3r dibe:t

_15rethq,acticbanpr[tjosm}gc§9nt acting F3 and/or NB-3, Notch

and a candi date substance, and determ ning the
interaction between Notch and F3 and/or NB-3. 25 The
methsd PReY 95 fFrercopnTpriose acontweibavy alotec Foranee B8 a
andheghod NB-@dinal heeabsancenobatieutandisdabapsubsiance
UNG&IovQIIEEN S6e 1@NAl0 metelgloQw nd,d tegrg N
[){Dhg:ﬁ{ n&gﬁr ac,%l on be vveeg%ﬁlo%g o 5’9&% gﬁd%orc? NES, o%
era e Het RodsedrsF |t§8§tn€aﬁt°§cf"ﬂ¥l§r°‘é\dl66ﬁ'bl ex

bet%ﬂ@é?FterlSEd by demyelination of neurons, such as SCI, MS,
epilepsy or stroke. '

Also provided is the use of F3 and/or NB-3 in the preparation of

25 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

30 nmedicament for the treatment of injury or disease to the CNS,

wherein the medicament is for administration in combination with

NE-3 or a mimetic thereof.

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

35 a medicament for the treatment of injury or disease to the CNS,
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Notch and F3 and/or NB-3 wth the candi date substance.
The conplex is preferably fornmed before it is
contacted with the candidate substance. 57 WO
2004/ 052389 PCT/ GB2003/ 005329 The net hod may be
per f or med by any appropriate nethod. The skilled

be well aware of many suitable_ass
Wfﬁg{)ﬂsyé and will be capabl e of designing f:{ﬁ;{s%gmosszg
exanples. 5 Any or all of NB-3. F3 and Notch may be
present in, or on, a cell. The gene from which the
protein is expressed nay be endogenous to the cell in
questdrens t8E nelifBenDE sPEES ectar .introduced
intg, the cell.., T%lerg tsefoﬁ ?%Jlsgefr g%lg\é V' C@XPrasSadiSh
the surface of °t . 10 Additionally or
alternatively, any or aII of NB-3, F3 and Notch may

be | solid support. One or both nmm
con%l{r%@genltfca‘etf q‘t Blpé"T”éjﬁéla §t"d’85%fr |Sb°é‘&“lPW“ﬁDrey

det B IPEEeN. 015 Aenrgrar siecdfael b oiurentagon, Nobigdri b shg
pr esentbciGng g @etilonSol faaQﬁagoc@'ﬁnggrﬂ@aln@&ﬂoQi&ogpr i ses

det &5k itAgs Mgt ghesignalling, particularly via Deltex
1. If the cell in question’is an oligodendrocyte or

precur sor thereof the nethod may conpri se
detBenmivankom éﬁrtﬁlpr egotiaks cNnefhoVAE eXRESES iaOfubi 26k
10Thenavilve @b b ef o1t Bﬁrng&VEéﬂe%h@ BRLN9d, Qf 05 %stem,
rising,

ma ar.naceu cal formul ation co
B e e T Y SRR L

rmo‘“lﬂmﬁ‘fﬁlﬁg"‘i‘ Af efzCEI5A eeieen Not ch and F3 and/ or
NB-3 by a screening nethod descri bed hereln t he

furdshesryy B8 CS.EQJP £98n QL %L‘@JO:LQQ %gmla dsu§ x«raiq_g(e WI:LE:a
table carrier. ol

15oh ceut |
q{ag?sec??] f ?thcﬁ%?“%%elﬁe%fby fbed‘tYFJrﬁné‘FH@‘ sHicY as sci, Vs,
[ deeﬁ’tlﬁﬂséd"%%%ftk&nce for adm nistration in vivo prior
to fornmulation. 30 In specific enbodi nents, the

pr %gninvbﬂiyl%gt fl%hgll E)§<§Jl)§e§r oy ngé creenlnd gc?rr
enl'éag ngel’% inatLon 1 n an i nd: 1 VI Ua I SIn

adm ni St eri nﬁalflc? ghj %dﬁ&FF%t‘P%ﬁ‘TeﬁﬁleP&PF‘ﬁ‘@nagent of
2°I\Iotléﬁeratcétfé‘pf°%’?weesaNOdcfa@mi\ﬁat amgoagent, coapkisiang F3,
NB-c8ppitifs i@y RbfiiciCng F3 and/or NB-3, Notch and a candidate
substance, and determining the interaction between Wotch and F3
and/or NB-3.

25 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.

‘30  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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t hereof. 35 58 WO 2004/ 052389 PCT/ GB2003/ 005329 The
method is preferably used in the treatnent of SCI, M5,
epi | epsy or stroke. The invention also provides a
pharmaceutical conmposition 5 conprising an activating
agent of a Notch receptor, said activating agent

C‘ggggoé,g%nsg F3, NB-3, or a minetic thereof.

provi s a nmethod of screening for substI’é:r‘fé(ﬂ?“03"0053‘29
capable of nodulating the interaction between a
ligand and a Notch receptor, 10 the Iigand being F3,
NB-3, or a mnetic thereof, conprisi ng contacting a
substancendsi iy LDGtaand and, 5, LECERL oL, o

det 10 thel ractlo eI| ANt ahf t he
r ecg{tcf{t?oréi %%r_sdp cO n‘% E? Gt rvarsaef H“aflhesqlﬁt@ea%ftﬁa@nformatsr

bet #B&ithée régepteops andigrihgandisrndemnsnimar abl e
conditions but in the absence of said 15 subst ance.

Thexgeth t rise producin
pha?%ceaagllg?ﬁg)n%%m %I on- e 8At & “nPHge8 |16 Sifbstafkce.

20 E&ts FPReY8r ol ‘t’*@étﬁléﬁérm@yt@ is ergechshenmeiyrbd 0
r ef epdogenoug| fegotkerdi DGhi @lesekn| sorcapatat,ao@gré@xtrtgl a

dowre o RViBLEdHLS e At apneyranal axon t he
Ceng}(p ef:&.%rglno%g S%S%ﬁgzisggil Tlgle B%_% ?.ft s)rfrPreéerably

| i godendr ocyte pre %lts used to refer to
ells capable of differentiating into

- ol | yBdenohady be Sa1aBrnaddvd1R| Satngra&l om Qe wilst ahl €y woten

sti be 1SMGN F nd, Suych ceII | ncl ude
ollrgagldgn%rogl |lg§edp§ré%u?sor§ Ter g: ( PO “aRg &Gy atomeEie

stemceris Vet &F%‘f‘ﬁb%‘%dﬂéﬁ’éésdﬂﬂel foeter-" Not ch"
is used to enconpass all isofornms of the Notch 35

T Lo AR 55 00 200, 0sTasD et readn Aok BiSursace.
poréddoEE% ﬁ 2rmin
i sol at ed . d om(a)ldns pﬁe SaR n“gaﬁotchesé%allhfé’l'l ul ar

reo SucC
dorﬁfr 10%%§rly via Deltex 1. If the cell in question is an

ollgodendrocyte or precursor thereof, the methad may comprise
determination of uprequlation of MAG expression.

20
The invention further provides a method of manufacturing a
pharmaceutical formulation comprising, having identified a
substance capable of moedulating interaction between Notch and F3
and/or NB~3 by a screening method described herein, the further

25 step of formulating said substance with a pharmaceutically

' acceptable carrier. The method may comprise the further step of
optimising sajd identified substance for administration in wivo

prior te formulation.

30 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, saild activating agent comprising F3, NB-3, or a mimetic
thereof.
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well as nutants and variants thereof having greater
than 80% 85% 90% 95% 96% 97% 98% or 99 %
identity to the sequence given below Preferred
proteins are Notch 1 and 2. Orthol ogous 5 proteins
fromother mamal i an species are al so incl uded.

Pr.eter the Notch protein has the ability to bin
t%géﬁ)f{l@%&\é and/or a F3 protein. It may al sc}ycﬂéﬁ}’é““t""ﬂfgm
ability to induce upregulation of MAG protein
expression via Deltex 1 signalling in an

ol i godendrocyte or precursor thereof. 10 The term"F3"
S Wﬁ@dletgogengoggg§§§abh§ qQf QL B &f the F3 protel n, and

ed in

|soleg£ed donmi ns of Suth proterts “A5HEI ¢ 48T miffant s
and Fant's téFeof havi ng greater than 80% 85%
90% 95% 96% 97% 98% or 99 %identity to the
sequenceveginien Leb qa/yovgefshglpggrqrggelgt@rﬁr Qp.eins. from

et heg,, eGi.es are also inc uded.T The B3
pr otelpﬁ@% él?a SEO y hasd fAE BT 15 FSEP 0" asEREPT osaiHe

ext FACEP iﬂga?ge”&oﬁ%{‘}PﬁlwgaFBI\Io@rh, prot eiinetipatidrest.ar | y
of Notch 1 and 2. The term"NB-3" is used to enconpass

| SORDIITBr&Afi gclpeisl\lB E_geng nd I sol ated domai ns
of §yaqldT§ roéi néthgﬁofp £s “4RYFVary gaedie of

L her eo Vi ng g?‘éeéf“ét‘r“’f]h%ﬁw%n/@ 38'{’96;160l 90z NERY, r@edfor,

57%]998%%ﬂnd9’99%| Renti-ty ¢0atiigeSeyUaneer Jod@sti balow.

O t holtegounsg aprsabe&amseml@mt@g hﬁ@a@mlthgrﬁegget%lres are

al s,@ete[‘:@ﬁjlg egm 1rn;% gl%ls tegalnn ref erab 7

abi | ity to bind 55 i“Rci® togpd c?&ﬁa‘?}ﬁ Bﬁ‘ceato‘-“

Not ¢ 0 éf'rhq tbﬁ’ i Bultae |"‘"9t?ﬁa0tmt kdtwierantle Zecditer and

am maaél%d%%qeweslmﬁoxmmms hd andnhBudeddObeifsy
lar eswghemrs. bel ow, along with their GenBank accession

nunbers; 30 F3/Contactin gi:414791 (CAA79696) 1

rk lvshl viisittcla eftwrrygh gvseedkgfg pifeegpint

i yprqégesrf‘eeté’ﬁ BY VHIther spasips pygdkusinn angenvdhdesdical

y s riAgger i il om pdtegeday skyy elimsanye. 35 121 gnvrsteatl

sf gyl dpf pp eer pevrvke gkgnvl | cdp pyhfpddl sy rw | nef pvf
20l8le it krrfvs gtngnlyi an veasdkgnys cfvsspsitk

svfSKipli piperttkpy 241 padivvqgfkd vyal nggnvt

| ecfal gnpv pdirw kvl e pnpstaei st sgavlkifni 60 WO

Zomﬁmawiﬁﬁdm@ma/ﬂoﬁgﬁgherein to refer to

oligodendroglial cells capable of laving down a myelin sheath
around a neurconal axon in the ceniral nervous system (CNS).

25
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
30  stem cells {NSC) .

-Protein sequences

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

35 protein, including Wotch 1, 2 and 3, as well as portions and
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. 35

support may be detected by labelling with an antibedy 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 sclid support may be

immobilized using an antibody against that protein bound to a
40

solid support or via other technologies which are known per se.
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reconbi nant | y- produced pepti de or pol ypepti de may be
expressed as 35 a fusion protein containing an epitope
agai nst which a suitable antibody is available. The
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Modulators of Wotch/NB-3/F3 interaction identified by the methods
described may be further modified to increase their suitability
for in vivo administration.
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Formulations

The compositions of the invention may be prepared as
pharmaceutical formulations comprising at least one active
30 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

35  further comprise other active agents.
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pharmaceutically acceptable ingredients well known to
those skilled in the art, including, but not limted
to, pharmaceutically acceptable carriers, adjuvants,
exci pients, buffers, preservatives and stabilisers.
The formul ation may 35 further conprise other active
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25 FPormulations may suitably be injectable formulations, e.g. in the

form of agueocus, isotonic, pyrogen-free, sterile solutions, in
which the active compound is dissolved. Such liqguids may
additional contain other pharmaceutically acceptable ingredients,

such as anti-oxidants, buffers, preservatives, stabilisers,

30 Dbacteriostats, suspending agents, thickening agents, and solutes

35

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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use in such formul ations include Sodi um Chl ori de
Injection, Ringer's Solution, or Lactated Ri nger's
Injection. Typically, 35 the concentration of the
active conmpound in the liquid is from 65 WO
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t hesdglall 1430; 4al ues. The adj ustabl e paraneters are
set wt e foftow ng values: overlap span = 1,
overlap fraction = 0.125, word threshold (T) = 11. A
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amino aclid residues in the reference seguence, after aligning the

sequences and introducing gaps, if necessary, to achieve the

25 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

30 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
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66 WO 2004/ 052389 PCT/ GB2003/ 005329 of the reference
sequence (gaps introduced by WJ-BLAST-2 into the
ref erence sequence to naxim ze the alignnent score
bei ng ignored), nmultiplied by 100. 5 Percent (% am no
acid simlarity is defined in the same way as
i.dentit Wi th the exception that residues scoring a
BRI yal ue in the BLOSUMB2 matrix ar e PEBGRIEH05329
Thus, residues which are non-identical but which have
simlar properties (e.g. as a result of conservative
substitutions) are also counted. 10 In a simlar
manner, percent (% nucleic acid sequence identity
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WO 2Q04/ Qa2389; PG/ GB2003/ 005329 or a

neur odegenerative condition, |earning nenory-rel ated

20 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

25 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
30 from a disease or disorder characterised by inadequate
myelination. Such conditions include MS. In 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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condition and/or denentia such as Al zheiner's di sease
or Parkinson's disease. 5 The treatnents of the

i nvention may be used in conjunction with other

t herapi es, such as surgery and/or rehabilitation.

M netics 10 Non-peptide "small nol ecul es" are often

r to peptides or polypeptides for in vivo
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and/ or NB-3 and conpl exes thereof may be desi gned,
especially for pharmaceutical use. Typically a mnetic
of one or both of F3 and NB-3 will be capable of
blnd|Q9 Not ch 15 nol ecul e, preferably the

ext Pécel“f" PR e oforRitien: Lepfnipy negormiraiatetine
ef f cerditydn phddorpiateetin etichprOBebS nbi NdbnNg:at0 drhe
sanmeariimbecdl & se1ke designing of mnetics to a known
pharmaceutically active 20 conmpound is a known
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unstrtable active agents for 25 oral conpositions as
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. syst@dratlecal |y varying 35 the am no acid residues in
~the peptide, e.g. by substituting each 68 WO
ZOQékog%QSQ PCT/G82003/005329 residue in turn.
Al ani'ne scans of ‘BEprice™ar S eBHRBRATIAcasEFally 2FEivine
28 ucrrmpep eIFe anistdisarrFhedetpdht Sieopldpeshid WES
Congiitasenngalk R sag ldnVe 18 OPor@bund. NeriaNRYRG, AT €
knm@gl.@a%llatbﬁle Qhé%r n@(&ng%og cund 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
25 oral compositions as they tend to be quickly 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.

30 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. 1In
the case of a peptide, this can be done by systematically varying

35. the amine acid residues in the peptide, e.g. by substituting each
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5 Once the pharmacophore has been found, its structure
is nodelled according to its physical properties, eg
stereochem stry, bonding, size and/or charge, using
data froma range of sources, eg spectroscopic

t echni ques, X—ray diffraction data and NVR 10

nal analysis, simlarity mappi ng '
C@gE#ﬁﬂ%#ﬁ charge and/or volune of a phard%%@%ﬁ@WgF”S
rat her than the bonding between atons) and ot her
techni ques can be used in this nodelling process. 15
in a variant of this approach, the three-dinensiona
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convesrirefid Yo bﬂ:ss}ﬁ{yes&ﬁdpﬁg,ega@g tggesggrgggﬂeﬁlgé easy

to géld&n{?t 1851 S5 kel §sm gata, r{ﬂ"‘ggonﬁg' cal

accept ab does n égra PFe Sourcesf
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t he e n
ot P28 S B51 R Pl blernan e et

scré&&féd to see V\,het her they have the target
property, or to what extent they exhibit it. Further

19pt Irmasaiﬂlgﬂt r ppdi gﬂp‘}@&dhonth%a&gegecﬁmggs Car Is%ruc g}:e of

to grriyve one L %D final
or ¢ |n|%a @g\,%r?@@47ﬁ52%@916d “This can be
PCTFEB2603¥ 0‘0"53329 WhPJﬁE the lpvadentd/casdpdpepbidesr change
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porgﬂ Qniofneidher, E3 N required to interact
ttho?ch Thi sc'gnpeptﬁl%%e r%gglct hen be used as a | ead

confound for mnetic design, as described above. 5
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
25 synthesise, is likely to be pharmacologically acceptable, and
does not degrade in vivo, while retaining the bioclogical 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
30 by this approach can then be screened to see whether they have
the target property, or to what extent they exhibit it. PFurther
optimisation or modification can then be carried cut to arrive at

one or more final mimetics for in vivo or clinical testing.
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Anti bodies As antibodies can be nodified in a nunber
of ways, the term "antibody" should be construed as
covering any specific binding 10 substance havi ng an
bi ndi ng domain with the required specificity. Thus,
this termcovers antibody fragnments, derivatives,
f\%%&gﬁﬂ% equi val ents and honol ogues of arH(,jT%%e%{Jsm
i ncluding any pol ypeptide conprising an
i mmunogl obul i n bi ndi ng domain, whether natural or
synthetic. Chinaeric nol ecul es conprising an 15
i mrunogl obul i n bi ndi ng domai n, or equivalent, fused to
anothar, I | de_are therefore included. O oning
and g)?pﬁe%%isgﬁsg%ée'c%p%%er FEPRIRE| B & ma¥ Fedeser fbed
i n EFTAL DY 20894 Hid EPEien @E250R8: F2(od NBfEsehaend to
sﬂow?tqrhaiy wﬁtggmgrt.z_mfis Q:e‘ﬁﬁﬂieeméﬁmthg{)(ﬂ,l)g &,@gf Q&ggf m
t hecénpachd @0y Qf; mbiiR ntigens...Exanpl es o I ndi ng
fragments are (i) t%%gggb ?%%Sﬁ%lﬁt%écaﬁg?'sti ng of VL,
VH, CL and CH domains; (ii) the Fd fragnent
conditEepdiesof the VH and CHI domains; (iii) the Fv
fragnent consisting of the VL and VH 25 domai ns of a
si ngd 8 in GLV) the dAb fragment (Ward, E.S. et
1 RaF Pt gl fon el % ) SSURT it eofe: brsstom o
VH GSHaIT: TRPPLY 581 epetruedRsr eeieshrg 2pyispef{fb' Hidding
19 r agtbeRtiee bavibi \al leintiify agREAt v0ONPEd SLAG -LAQobiEd .
- FabrfusagmeBt & chVddvprs ShitQ ' | ecules (scFv),
- wheggi0; @, YH dopmin, and Io%ﬁ%ggéng%%i ﬁgﬁvégf‘feﬁked by a
peptide |1 nker which arf SRBOYHEST /6 nbbRdias, tigcluding
assBYi B ePeRf-ifs roemerishng pgerrrbhoudiohglisi bied{ B Kengi, al |
gcivewgeqr Zggggﬂ&&-géﬁﬂﬁheﬂig88£hﬁb§ér@8 n%]gleallespéél%\ﬁ»riléﬁeﬁg an
185, 1284110  bik : i i specific_si e chain
Fv p%ilge%éi (PCT/ Sg@ %%n%\é% O)arngqu(;iei ?“tdifé’ﬁ‘é‘g?cgs”}other
mult T vaTent® &F° 70O 20 6AF IS 480 CRUTIERRT0SITE5S20 of
mul FHEHEERf 1¢ Lp e grent slegonider ot ee-bylene fudsion-
(W9456323804; P. Holliger et al Proc. Natl. Acad. Sci.
USA 90 6444-6448, 1993). D abodies are nmultiners of

2038%?12?32 &OD%%? ;sggﬁgbtggg%g?gg%ssg@gogﬁggr:Igfi:llggdyacirlz rpzf:form
i mﬁ}ﬁo@nébjcﬂ“i Af |Highihg chnaigenand mas@eeNek ORRInG fragments
CoRpEei Si)Ngha FadirBEdg: 1881 QR 18 @My, MNeg! ghuLi;N
he@t\ﬁ{aiqlg‘:’“ ni.'i)tlhl% E‘Mréjg?ngr?tl: Q:%nsisting of the VH and CH1

domains; {iii) the Fv fragment consisting of the VI and VH

25 domains of a single antibodf; (iv) the dab fragment {Ward, E.S.

et al., Nature 341, 544-54s {1989)) which consists of a VH
domain; (v) isclated 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

30 .domain are linked by a peptide linker which allows the two

domaing to associate to form an antigen binding site (Bird et al,

Science, 242, 423-426, 1988; Huston et al, PNAS USA, 85, 58709~

5883, 1988); (viii) bispecific single chain Fv dimers

(PCT/US92/09965) and (ix) "diabodies", multivalent or
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being linked (eg by a peptide |inker) but unable to

associate wth each other to forman antigen binding

site:. antigen binding 10 sites are fornmed by the

associ ation of the first donmain of one polypeptide

within the nmultimer with the second domai n of anot her

.de within the nmultinmer (W94/1380

m%@ﬁ%ﬁsg anti bodies are to be used, thesgéwngggbggé&%g

conventional bispecific antibodies, which can be

manufactured in a variety of ways (Holliger, P. and

Wnter G Current Opinion Biotechnol. 4, 446-449

(19Q3))spRQr Y ePaLLH: j.cally or from hybrid

byl dagms. or n%y s B AT T

fragients menti Ohed abdeet- PeadmalribalShr &F 6hadisas,0 188 .

scFv 20 diners or diabodies rather than whol e

ant bbodies. 2B abndiness apd,; L &AN ryct ed

Wi t hgut s anFe fggsgti Q0. J.‘usidpn §%%Fl&\@/ér%ggglcp§q§%%%ﬁ%%s,

potentially Teduci ng the“EFFedts SoPindity et gpiae

r eat T8I o8y Har L¥%E ndhagt didspeeidndcdamnats bothasisnel ude
ot he:;éir@ﬁgg ml;egz:l;acbm ah Jngus&glssuldeaféeié}ggdaimiggﬁﬁuwﬁ?(algggins

et ing Qe ey QUIN i - 1t may

be desiLabl ethteggiﬁyorr%nfg%dg h%g?ﬁurgrﬁtn uf“fébélerrﬁ? iPfiageiate
1{gnt I bodi es 10 provitd ahtFbotP S oAng At heargngsrgbinding

i ntithg 27prinFeed Pesthsf atdveizignn hmeare andsitboown Wi he
m reotysingad hetdQ tHaTMANGRE) Gi EESRONSERS abl8y of another
antdogiRsqe &gcen, 4 hey.;are (H(’?g%glis%ﬂ human t her apy.

Thus, humani sed anti bodi es conpri S€ amewor k regi ons

derived from human i mmunogl obul ins (acceptor antibody)

~in W‘Wﬁ? GhspedFuest framsone: @b HEDEGAC OffRL SRR R Y
Hetonmeiag) Bolabes.(CIRo). 8 InlSPLACS] Db EESLIES,

from,COR:s &f nan-human 35 speci es (donor antibody
SUB{]} as rrgusevf%rsa?@ of l€Iteai:kf)bﬁlg't a&ﬁﬁ%*&ay © FITIRPE Opinion
20

POB238Y ACTERYG0819668299 Hismdmg dheeidesy reedtron
pr dybrid bghrideraspend fﬂé'ijcibta_y‘a,nyaiﬁf itRd tb)(sﬂcifﬁﬂ@ﬁ@it&:ﬁy
Sorma@{enth%eﬁfﬁzﬁ'@m‘hgvg.estg%Q? bgfp te?&arﬂﬂ% g'get ISEFOde

u

20MaY;; al.S0 .tenl aced, by correspondi Ng Nnon-human ™
r es,ilolues,f’p ub ";éle? é’é‘F%%%hﬁﬁ‘ofmdFe%h*eoqlﬁs ei Pheoddemend

or SSE‘ééﬁPotie S podee i tBouFhes & c mydiiéd, C a5 ir@NGnIAT €adTaER:
t o dptveinburohertinefyi Reaaaty QR idFesss {hanpropesties of
t heeadtibhOdy e ASRGECT S %E%e%m%dén@ (‘): iegfintc Sdestei_ggnd
as@?géleotf:hatiple"Jpa\LSsSi%rs?:[' described in Traunecker et al, Embo

25 Journal, 10, 3655~3659, (1951).

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

30 . lmmunogenic response of the antibodies, eg when they are used in
human therapy. Thus, humanised antibodies comprise framework
reglons derived from human immunoglobuling {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

35 species {donor aptibody) such as mouse, rat or rabbit antibody
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invention will now be illustrated, by way of exanple,
with 10 reference to the acconpanying figures.
Furt her aspects and enbodi nents will be apparent to
those skilled in the art. Al docunents nentioned in
this text are incorporated herein by reference. 15
ription of the Figures Relating
%g%%g%gect of the Present Invention Fi ggFIEE%OMGSM
‘Adhesi on of OLN-93 cells or nmouse Notchl transfected
Hela cells with or without antibody bl ocking treatnent
to spots 20 of proteins, such as F3-Fc (a, k-1, and

and r
2, “%g’ttggn‘.{e?%%g? Wit o Supafilone eReelie e p
and"acfaﬁ Yr eptPBE ittt Fihérterber rofidagthef die huwh| stiegn

+ SBy Rlvnbatrebbast WyhtesebndeneNd@rhuPesd BEd Sor by
Bar rd’ﬂﬂllfe%dnot b§eJé|ng hmy eﬁhgpldfo}ngaRL la)écé;ﬁ:ogo?nﬁ%f?\flﬁé

gllfo,hes tafro ny he contro hesion

cel IS on coated F3- fce ’5?‘9& NB*Be HirEthegpetting ¢gd cpgimise
Ef f €tet PEPeafEr bod i laotikade: on OLN-93 cel | adhesion to
F3-Fc substrate. F3: F3 protein substrate only (as a

COMid@lds 2 odi Sk ei n_s| basst rate o Anti - F3
or Anti- NBIg—"eg’%dddl t on(pfr ?E f?w & PFo °é€n¥l?%88?s€§t

res pecﬁl\?ﬁl"i} L pbodk ek Er eg. Fbc-‘! Wa?%@xam}k?sw@es
petimfergrcat ionghOrN@Bameint s5ightsi -Metiod 2sati -Mat ch2
or eﬁﬁbcﬂhﬂknw @il Bat@gagﬁlﬁl't%tﬂ:&l lsc’kl\ﬂl.éch .].Lhtqi%ealgt all

spefclddes QKNG @antibodi es or pre-imrune serum -
res ectu?e%ggi( oge:L pi at | n arﬁohlpcﬁr‘?—%ml‘—iﬁd dGAEEY Y

subSEFETES: 72 WO 20041052389 PCT/ GB2003/ 005329 b.
Ef fect of anti body bl ockade on OLN-93 cell adhesion to

1B e subsisigtaon DBl Ml ha.000! 8 L3 USLIAE Ol ¥,
(S CALLG) yo AL NS OT A e

, ectively, to block the NB-3-His

coat ed subst rat es before 5 plating OLN-93 cells;

AntEigiNet &hlaghdyibh-dMobnhaa Ctrelﬁerolv.l Moub& erot&ﬂle@mgfgd&d%

celdeSa Wit 1,DESE- AR ecld; O%klug antl bod| es
20Pr %f% ng seru reshoZ%t ?11\1/{3}3& S DIFATI G h%napﬁts

s° T Coal's tat?. kc1 d‘m"i ﬁ'?mﬁ(’B‘FHFGr é%)céﬁ‘éém -3-
m didgiPaptts - o‘f“PO_ENd%) cebdrdist abnedrusilngiose was

determined. Bars (a~b and q-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
25 control.
Adhesion of OLN-93 cells on coated F3-Fe¢ and NB-3—His substrates,
a. BEffect of antibody blockade on OLN-93 cell adhesion to F3-fc
substrate. F3: F3 protein substrate only (as a control); CHL1:
CHL1 protein substrate only; Anti-F3 or Anti-NB-3: addition of
30 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.
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.transfected He

1

10 anti-Notchl antibody (c) and anti-Notch2 anti body
(d). Cell surface staining is present in both
i nstances. e-j: Bright-field mcrographs of OLN 93
cells upon contact with coated NB-3-Hi s substrate
after 0.5 hour in culture (e) and in the presence of

' nti bodi es agai nst Notchl (f), NB-3 , 15
bl\%tegwgﬂ%?@ F3 and pre-imune serum (). ScH{T&-H34p0F559
(j) : 8 pmfor (c-j). Adhesion of nouse Notchl
transfected Bela cells on coated F3-Fc and NB-3-Hi s
substrates. k-P:. Bright-field m crographs of
NOClg- t t .Bela cells (k) 20 and nouse Not chl

a0t ?%15%?*1 Blgokady opgaf-Hone Hebdwistibn th3nE=g

(k- TY°TF2NB- BH 's MpTh-B}s aneteiin duberpEESRAGEAQf trol) .
bl 0&RFTYE- ki HodFES aGAIAST oMy3.d M), Notchl (0)) " 4Ad
pr e::ém@u@ﬁ;é?;wy%&)c Locale bar in ?pa)n %839 f or
6K- P)ac 19 Og%cmt of ant 1 body BHi%oetetae ohstrmtse tNos:ehl
trahstect e i §ellos dnijif-Hoticht e Ract-Nortnad d:h SERnFCpre-
sub$T46@ OLPS93 FeLIECHoAtede SWDSILAEL. QEJC){('. At | - F3;
addet ipoe-sehuidesananlifod] &5, 0 bl ock ~ Uhe Faf Fgribodies.
coat@f.suhstiates before plating nolise RoteRr 2 NB-3-His
transfected Bela cells; Anti-Notchl or Serum

[ e dr: egnfmélao%ﬁg@cem ehtrovransfacond oBedad ) 6 el $, &Jlng

he¥d¢isiirdehi isot BhcogkidgadD ANt khadi r_pre:inmune
SerurEses pesliiNe! v lipieéfsg,[iei |, at Lﬁgg%pe)%ﬁ%?fdy ng)Fccecl&at ed
substr al.e.;, Bel alcgel. S: ptf ating M3k cransf ect ed Bel a
cel |5 upon a F3-F& tBaredsstibstitade ceass apeoORbLEICY . wikn
Ef 1Rt P ahtlt b oty s blave karder ons MBS nNALED)e (o) ang in

t r dhsfrestetteHet o6kl S.AdhSLON 1O NB: 3-H s coated

15suMBtarat @n) NBs 3¢, NB, 3. His 35 coafed substPht'! ofPys (o

s
Ant- NG 3. addi ¢ {on 6f P ThEbR 8 fEFHbdi bs Seale Pax WO (1) : o
2004/ 052 B9 PCT/ GB2003/ 005329 bl ock the NB-3.His
coAMRATF SISt RatsesiPehDrteapd @bLAgadRUSE INOLENL . c ey pa_p
t r amsfvect-edsBalbargalls; Anti-Notchl or Serum <
pre-g:r eatfd_pRYse,; Notch| transfected Hela cells with

No
2ot hgse specific bl oc[E?%rﬁpl’%ﬁifi’?ﬁ’ﬁHTté’§“%ﬁecp$6éHieh¢n¢ams (k)

serum r espettiVetiripedftee Bolatckhy upan apd MBrlcHi Sy

- co&t €8 SuBstemate:3-Het ancpl bsa iRl @Li A NRGK; transf ect ed

25

30

35

. . : king
Hedreribediles apens@ By 3,H ted substrate (as“a
COMI. Oddar e £4,9Y1 € 2. BBPct!chggﬁ%ga °qanﬂ’dcgfﬁf“df“%‘lmeaﬂﬁluysi S
i nteracti o’ ' 7 M for Gk-p).

oftg
. £ i
q ect of antibody blockade on mouse Notchl transfected Hela

cglls interaction with F3-Fe substrate

substrate only; Anti-F3:

F3: F3~-Fc coated

’ addition of these antibodies to block
the ¥3-¥Fc coated substrates before plating mouse Notchl

& ;
ransfected Hela cells; Anti-Notchl or Serum: pre~treated mouse

Notchl transfected Hela cells with these specific blocking

antibodi -3
ibodies or pre-immune serum respectively before pPlating upon a

F3-
Fe coated substrate; Hela cells: plating mock-transfected Hela

cells upon a F3-Fc coated substrate {as a control).

r. Effect of antibody blockade on ouse Notchl transfected Hela

cells adhesion to NB-3-His coated substrate. NB-3: WB-3 His

coated ; i
e subgtrate only; Anti-NB-3: addition of these antibodies to

13




bet ween Notch and F3/NB-3. 10 a-d: Reci procal

associ ation of both F3 and NB-3 with Notchl and

Not ch2. Lysates of rat brain were anal yzed by co-

I mmunopreci pitation with these four anti bodi es and
beads and nonimune 1gG (as controls). In each case,

espond to antibodies as marked (
%ﬁ‘}\@?{:i anti body, Anti-N2: 15 Anti - Not @émﬁ\cﬂwosszg

ant| body). Western blots were probed with antibodies

against F3 (a), NB-3 (b), Notchl (c) and Notch2 (d).

e: Schematic diagram of the Notchl nol ecul e show ng

t he ' 0 assigned tq each subcl oned fragnent.

i-g: e R St tha Benbaiong, LA s ise Mot
mnﬁ‘?éﬁ’lfﬁft%*‘%-\'?alc?%%ss Krgpj-Nokcliher fSsumn f pagireaitedatese

shomtcrﬂlhermtfeeMt ehb caant h@adxn@@egg;éa&% beockmg _

G o Bt e R e paySR At e afygars g o

dsi ng & pal ieehoiviageale ke 'Eﬁl&Fn AlySirencaketmnsfected
i nciisat e8li phorGBTVBR . (GSTedarsd anboratei @3s { Nondro1N1. 2,
N1.3, 25 N1.4) bound to Sepharose 4B beads. Bound

pr ot o 2 S buf f er and

anal_ glé% %55; D%! %&% a\rllgd %3151 ?‘? ﬁnalﬁ’l iﬁ o nfant g raction

ant PBOECBSI46RiI et FHYBGr NB-3. j-1: Adhesi on of

183- eréanskeatrech ICES ek disn (4£) botNBrBaht ansh aak80iot SHO:ng

cel stdpe) , Lﬁ@?eﬁ@@‘&a&&?:‘élﬁr?%?éj %Qéé‘il dyS Sl) to four
n

30 r ent ra nents a roteln
fr ag’i“rme“ﬁt%‘ér‘?ﬁi ’?ﬁ‘“m whth fgess Song Nltlﬁ‘jditeég%ldh%?adw o

GSTRA "B A6F (Rereentrdisbd Inontch sukf deess ebrpepéid to
di shesibant:sF3s tiaansf e&{teghlcl'ﬁtgeﬁdt%hﬂa}mmody, Pati-ng:

1BIB- anglr_ggg QC LS. ( gnwerrmck transfecte
3 ér&(}_b% q%tlé g) t {aé)rﬁg%c[ whth anta,bodles

chen?amny dé?’l n@?}lﬁné‘&h u'f‘ﬁtFBi' ‘2) ?fB‘dhtﬂﬁH%z Bar s
r epPesEhtmathe damrey cbfithadkesientoleells shoean theSD) 74

VD ROG4HO52386 REH:CE2Q03 005329. FEgmaL. | east three

d
T OR T ooy PEBTER m e RS TRty

|gn|f|can
YEY df‘g “‘% tRRe SPBT ArBIeRtsatre yhows - ofheesprieldichh
of Mﬁz@baﬁd sPeREiep 18y cocogtites @1of akd-ir ansfect ed CHO
cel hsi: aﬁﬂklgkfﬁ'gs ﬂﬂaliﬁ%erébtm&ﬁngg£“yghcﬁoté f¥§&ﬁ%ngg w§¥¥3

in b no t and cell cO-cul ture
ext F%@tgsj%gnuslqg ag fl O?nﬁfi?gl sRaﬁfbrle jngates were

incubated with GST or GS5T-fusion proteins (N1.1, Ni.2, N1.3,

25 Ni1.4) bound ko 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 (3), NB-3-transfected
CHO cells (k}), and mock-tranfected CHO cells (1) to four

30 -different Notehl fragments and GST. The protein fragments N1.1,
Ni.2, N1.3 and N1.4, together with GST as control were coated
onto surfaces of petri dishes and Fi-transfected CHO cells (j),
NB-3-transfected CHO cells {k) and mock-transfected CHO cells {1}
were plated and maintained in chemically defined medium for 2

35  hours. Bars represent the number of adherent cells {(mean + SD)
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cell co-culture extracts. OLN. OLN-93 cell culture
only; F3/CLN. co-culture of OLN-93 cells and
F3-transfected CHO cells; CHO OLN. 10 co-cul ture of
OLN-93 cells and nock-transfected CHO cells; TAG OLN
co-culture of O_N- 93 cells and TAG 1-transfected CHO
co-culture of OLN-93 cells
Wtran ect ed CHO cells. 15 Figure 4. P@P/%Bzoosmosm
| mrunof | uor escence | ocal i zation of Jaggedl and NB- 3.
a-c: At P2, hardly any NB-3 staining was detectable.
Jaggedl stai ni ng was present as |inear streaks
conﬂog.atg@ an axonal |ocalization. Scale bar in
a-c: pm otr t% i° THpendgnt prpeNgents g pBagfisdet vied
to ’&’rgﬁf%%’ S IRtfigardnothed0. @0 boiratdnonsconSignicbiant lagr) .
there is a distinct boundary between Jaggedl and NB-3
! mwaggﬁé llggrﬁésfebar @flﬁ%l?P%ﬁélysﬁgsenofl prtrggmelqlqar edpfl maLg
d| s‘f r |°5ﬁt 8n°foF31\tBa%3f§ﬁﬁedJ S’é‘gééllSr é‘FFthh%-%umﬁlhanged
f r oth CFeIPElyfariaynis apaEs i eat theid asmogghﬁesamm)%

densidt yelaneb-RanegneheLs of. Eﬂ&&%@ﬁ%ﬁ%saikixe I ngr§§%3

Fi gu, c chematic ( di a amo t he
constl?t%eng—{sl%é? ﬁ T BarGNodBNT R e E‘é%’ﬁ“FEIOnﬁér \FGYaTN:

sysToefr AR i <Ly~ ééaierléh anf st f pinefait kg auie nchiag) icab/omn:
1¢ytoptagnie droapsos AR1{hane nabﬁlt%ﬁx%%egﬁdc% &18d,ngl e

| oop):/dimt | Sl £0 he ., axol, resent
st ydy /ha§ﬁ;é§g?{leg ﬁg{;& |9tr31 Radr £ oﬁﬂggai té% SFEER RO

cont ac? in CEEpTaRte GF i AP~ HeGrbisased ARy BBafEcted
155¥° wtlher rrerrbers of the axoglial junction include
axonal NB-3 and glial Notch. It has al so been

1sdengpsid at bt Luncti 75. WO 2004/ 052389
PCT/ %@03%%‘6%%’%9 uh e e P"ca TREET a8 i GAIEY e NB-3.
between F37° RiEE Ya‘ﬂH “t3cﬁtal(1ng wNpdetoftaReny irerged PN
Pars&nbdey @Ph@r@auit aparianede)rebabl @nkifeRE iJRE Vo 8fonal
ol igedandtaytasivaie ff ated,pn,cpat ed F3-Fc, NB-3-
H s_pr A@SA_ (ﬁgr}trol Sl bst tes, respectively. After 2

hoyrs’ i, ture, o TR SLEEEF it BRFaaAteL
subj “eac‘ilé‘éﬁ t SWHFCW% [ife rePOR safied bty s bofindvAG tandedal P
MRRPeERpragsion bevebsluoRedahie/he RXPERSSh Mel BMELSa

wetgagier § wedsuskng:.t he jcomparatiye Gs met hod.

g-i: At P14, the distribution of NB- 3 and Jaggedl remains

20

unchanged from the P35 pattern, apart from the fact that axon

25 density and hence numbers of parancedes 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
390 {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 neurcfascin 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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10 (CT: cycle threshold) Figure 6. Notch and F3 are
bi ndi ng partners. (A) Cell adhesion assay. OLN cells
were |abeled with a-Notchl (a) or a-Notch2 (b) . OLN
cells were plated on dishes spotted with F3 15 (c,
e-i) or CHLI (d) . Cells were untreated or pre-treated

prl or to gl ating wth.a-Notchl (e) or a- '\btpﬁji]/%ﬁoo;mosm
serum (serun) (q), or with

antlgen depl eted a-Notchl (D-a-Notchl) (h) or
a-Notch2 (D-a-Notch2) (i) . Dotted lines depict the
edges of the protein-Fc spots. Adherent cells were
V|suaI| ed by staining 20 with Coonmassie Blue. j:
Quaft T FRRp1 Brestooon S2arle bRieranes Wos 19 uisbi it o
and¥edseceffrtites . ofi:bPoekideg @t | hedi@sandds) p<0. 05
corrpared with CHLL, * p<0.05 conpared with pre-inmmune
serym,, ocale bar in (i): 20 pmfor a, b; 120 pmfor
c-|. (B) Cell repulsion assay. nNl-transfected HelLa
cel PEMELY 18F whberdengsraviemetec phatefieina comieisF5}, Were-
pl atedoomsk3(@oatad sirsbeses, Adhecente16eldrsener gours in

st abﬂ%qré/\/' th GoRgR X Syantificatign .
HelLg.cel | dherenczé%(;ee @a%ed Qn %lf%} &t s %ot © qbfrbmc?k?Tng

ant 1 bodi ed®*] ﬁfs%pr?ea%ﬁﬁé‘? |mﬁ’§pnte§9reﬁﬂr°“t LefrdFecteddtideLa
cel P¥rogyien pregtt eaked darived aiskEg8y dhe apohiptchliye @f matkda.
1pr efd,pmayae: I0r-s@LUA (serunm) . # p<0.05 conpared with
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Scale bar in (i): 20 pm for a, b; 120 pm for a-i.
{B) Cell repulsion assay. mll-transfected Hela cells (a) or mock-
25 transfected HelLa cells (b} were plated on F3 coated dishes.
Adherent cells were stained with Coomassie Blue. c:
Quantification of Hela qell adherence to F3 and Lhe effects of
blocking antibodies. In some experiments, mNl-transfected Hela
cells were pretreated with a;FS or g-Notchl, or with pre-immune
30  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 % S§D).
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respectively. ((C F3 binds to specific domains of

Not chl. a: The GST-Notchl extracellular fragnents
(Ni.!, N1.2, N1.3 and N1.4) or GST alone were used in
a GST pull-down assay with rat brain |lysate. The 15
precipitates and rat brain lysate (right |ane) were

E@{%&Z{ﬁ{s F3. b: Quantification of nock- 91(312003{]005329

ected CHO cells adhering to culture
coated with the four GST fusion fragnents or GST
al one. Bars represent the nunmber of adherent cells
(mean SD) . * p<0.05 corrpared with GST. 20 (D) Lipid
r af l.ys mainly localized to the fifth
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| ysedsesctvigeky.i mmunopr obed with a-Notchl, a-Notch2 and
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st i YAfeated W t=hCFB pid)rdom Jaggedich (1), barid bitsaiaedhe
- 1M threaiNItGBes 2AlitRE ddaeatifeide Wilkhe A3ndCwedd Rbbed for
720880k, (Randes 63 1R0GRG. M IACOL HLLAM cotns

mut ant - t ransf ect | s were 1T miino
c- RS9 5° EMpErei dltAd sPetedptitht B F%rnﬁémuem s
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used as a positive control to mark lipid raft fractions. H: Total
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25 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 (c) or pre-incubated with a-Notchl EGF (11-12) prior to
F3 treatment ({d) and then stained with «~NICD. e: Quantification
30  of cells with nuclear staining of NICD after treatment with
increasing concentrations ef F3 and Jaggedl. Data are mean % SEM.

£: OLN cells were cultured with Jaggedl-, F3- oxr mock-transfected
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the 53 site) . Scale bar in (B): 15 pmfor Aa-d, Ba-f.
(C Upregul ation of Notchi and Notch2. Total
(cytoplasmic plus 15 nuclear) NICD staining intensity
was quantified in F3-treated and BSA-treated

mNot chl -myc transfected OLN cells (a) . OLN cells

oud todd/eassal one or with F3-, nock, TAG |-, @CT1/GB2003/005329
TAX-transfected CHO cells were |ysed and probed with
a-Notchl, a-Notch2 and a-Notch3 (b) . c: Real-tine
PCR assay of Notch nmRNA |evels in OLN cells 20 treated
wth 11.2 nM F3, Jaggedl or PBS. Notch nRNA | evel s
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Figure 9. OLN cellular processes halt and alter their morphology
25 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 centact with
them, terminate and elaborate a flattened cytoplasmic sheet that
envelops the cell body. This phenomenon is indicated by asterisks
30 {¥*}). a: Both OLN and Fi-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

PKHZ26 red fluorescent dye. d, g, j: Both OLN cells and F3-
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15 derivatives do not express classic |igands of
Not ch, Delta, Jaggedl and Jagged2 (a) Lysates of rat
brain, OLN alone, and the indicated co-cultured cells
were probed with a- MAG (upper panel) or a-y-tubulin
(bottom panel) (b) . (c) Measured by real-tinme PCR

n primary OLs is elevated si gni fi
g@&@[’?ﬁ?ﬁ% 20 BSA treatnment. The raw data m@?@%%s/&%m
normal i zed to GAPDH using conparative CT nethod. (B)
F3, but not Jaggedl, upregulates MAG mNotchl-nyc
transfected OLN cells were treated with 11.2 nM F3-Fc
(a tggniggct%ﬁg%}rﬁﬁgeﬂlg werg st S_nedg fc?‘rn.(]jchrln ac':g egrg\?\}sngﬁ 'b
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V1744K (€ .and 79 WO 2004/ 052389 PCT/ GB2003/ 005329
V1744L (e); Notch ECD-del eted nmutants, caN (f, g) and
caN2 (h, i), were treated(a-e) or untreated (f-1)
wi t FEOPE= 20 MIS3 13 gz eqidnisieby dhalosch fioreMAG dor ed)  and

V5 (&d- BAG fis t)refgaeed by (B3, CeHOY Ee1160snde)r{ngE€RRY. The
13 1 ansfiogtRds GO hs le;zblfess mg&qcbﬁgézg&st SE el e\%'e&a?s

ind rro | ctures g,
res%%%%fsggﬁx/ ﬁaggec}'(%i@ ' LLP’(?PE% 8if1c‘fé"t|l?ﬁa‘é?]'sptf‘ﬁJ €§°P"ﬂ BRd |the

tr aﬁ@‘fié@ite@dcwcphturad iceliss ek padted waRsi-Mact Gifed bovad

by oxdhf—wp—ecrug@ilnRB&gtgllnS)ahélsaEﬂent(é Mel:-?aaétuge re m?a —tzl.xrv.?a3 PCR
extracel | ul ar domal n nsnenb?an do !

PO P FEer G Hd ﬁé?‘f?tecﬁﬁéglgsflg?fttéymn B34 cmssqsn
2 G\/1 TAAKE sasdmy A7 ATHe roodsta WeteS nwelaeiddadic abeth bying

trianghesii-o dhethsansmenbrane region. * p<0.01 _
Con&é};fngf ‘g{rlE r]ioES?a;ggee te%r%t% el | G 5Sn§c?'t-!c 1brrta3'rr;: tl:rr]dns e%t?ad
cells were treated with 11.2 nM F3 Fc (a, d} or Jaggedl (b,

¢, e, £} and labeled using o-MAG (a, b) or o~CNPase {(d, &). The
25 arrows in (b, e) indicate the cell bodies, which can be better

viewed in bright-field pictures {a¢, £}. 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
30 (mean + SEM) occupied by cells treated with £3, Jaggedl or BSA.

*p<0.05; **p<0.0l compared with BSA.

(C) MAG upregulation is F3/Noktch interaction~dependent.

a~j: OLN cells transfected with Notch TCh-delekted mutants, Jdn-N1

(a), dn-N2 (b); Lact (o); S3 cleavage mutants, VI744K (d) and
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15 Figure 11. MAG expression is independent of Hesl
and dependent on DTX1. (A) MAG upregulation is

i ndependent of Hesl expression. (a) OLN cells were
treated with the indicated |igands or conpounds. At
the tinmes shown, Hesl transcripts were quantified

L@bm‘”&?ﬁb tinme 20 PCR and normalized to t%‘rréﬂzoo%(%m

start the tine course. (b, d, e) OLN cells were
untreated or pre-treated with Real sense (Hesl-S) or
anti sense (Hesl-AS) oligonucleotides followed by 11.2
nM F3. Cell |ysates were probed with a-Hesl (upper
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nuclear matrix protein (N-matrix) (bottom panel} (b) or cells
25 were labeled for MAG (d, @). Also, OLN cells transfected with
pPGVB/Hesl reporter alone or together with constructs expressing
caNl, RBP-J, or myc-tagged dn~RBP-J were subjected to luciferase
assay (e). Data are mean + SD. £: OLN cells transfected with dn—
RBP-J-myc were treated with 11.2 nM F3 and double stained for MAG
30 (red} and c-myc (green). g: MAG staining intensity in OLN cells
'~ with various treatments indicated above. Data are mean SEM,
*p<0.01 compared with cells treated with F3 alone.
(B) MAG upregulation involves DTXLl. a: DTX1 constructs used in

luciferase reporter assays and immunostaining study. N terminal:
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15 Purified Ng2+/ CNPase-OPCs (a), were treated with
BSA (b), F3 (a) or Jaggedl (d) for 2 days, double
| abel ed for Ng2 (red) and CNPase (green) and counted
(k). OPCs were also transfected with tagged do-Nl (e,
h) and DTX1-D2' (f, i), followed by F3 treatnent or
and left untreated (g, j). Cells ppg
\gatvé\?%)gg%l\%a for the appropriate tag (green) andﬁl&ﬁ%b&b@
(red; e-g) or Ng2 (red; h-j), and counted (k). Scale
bar in (j): 25 pmfor (a, e- inset), 100 pmfor (b-j).
Figure 13. Proposed nodel of distinct |igand- dependent
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[ m*rynobl qQt. for
re 13. Proposed model of distinct ligand-dependent Notch

- 25 signaling pathways during development.
© F3 interacts with the Notch receptor -on the opposing cell surface

to stimulate Notch/RBP-J signaling pathway to recruit DTXL before
or after releasing NICD into the cytoplasm. The NICD/RBP-J/DTX1
complex may undergo specific but unidentified modification prior

30 to translocation into the nucleus where it activates target genes
such as MAG. This signaling may contribute to OL maturation after
PS5 when decreased Jaggedl expression favors the initiation of
F3/Notch signaling. In contrast, before P6, Jaggedl/Notch
signaling activates the NICD/RBE-J~dependent transcription of

35 target genes such as Hesl and predominantly inhibits OBC
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15 NB-3, F3, MAG (B) NB-3 is localized at the
paranode. Brain stemsections from 90 day old rats
wer e doubl e | abeled for NB-3 and Caspr (a-c) or NB-3
and sodi um channels (d-f) . Scale bar in (f) : 15 pun
for (a- 20 (C) Lipid raft assay. NB3 was enriched

|“,0f25@&g£3§;n 5, the sane fraction as F3 an&%osfoﬁm

Total honobgenate. Figure 15. NB-3 is a fun

ligand of Notchl. (A) NB-3 binds to Notchl. (a) NB-3
co-i munoprecipitated wwth 25

Not chl . I mmunopreci pitates fromrat brain | ysates using

rend@ld: ¢ bed with a-NB-3
NGt ?Eggéc?‘?tvﬁ b R wothimedy ory s LN

ceI NECiREP b NES Had NaFP KIBNBCDS ablsped erandagedhere FD it .
Adhestonrtivas speetivent:l y: bslmﬂﬁ_\}&@de?yPﬁr l\l@&&hgtﬂr d?y 5 and
NB- 35 %95&4;9&190@35&5{% t%PE oﬁégdogegdlgggt 6);“3%11 SPT 0811

Wit Ia I, Mmune serum

region’ oﬂoﬁ%?’&%P’te’Tﬁéghtl\B‘ftrFﬁF BEPRHSHEAISER NS or
GST o4l wdendrereteusesdehthiag GBE Ppwhl - down assay fromrat
brain | ysates. The precipitates and brain |ysates

wer @; HI.Q r d antification of adherent
NB- &Ia?ﬁdrr%églg tran%afr(al %da BIO ¥ FEFB T he four

Not &hINPGST St HEF 882X \EP o004/ (FB2EE9 PETGR2003Y 095329
1fr agherergties o &DT GBteorpareds i khiGST .coBats-graphs (b,

d) ceapEesenty therounher.of yadhergntegell 5, (1 e
SD) reél(p@thB Sg/ glotlch |ntera thl n {ﬁ u%gsE oo da@fAP £t
transl ocat i on "N 2B SNt Cfﬁf @y t ransf ect ed
OLN'CefPs t# e‘%f??éecﬁs\ﬁptﬂﬁowsﬂs Pray) stdaggediragh)viamd BSA

(e) imbretddnugaosd @i ReGgb N LD. su59ER caC&l LsnWMebEot for
1br ead-ed yg tiEGF anti body (d) or y-secretase inhibitor
(e) Qe %03 stinulation. OLN cells were al so

transt ect eas EHL26 7A4IRNPREIRPIe hBraR SEERYAEStHpRs Egom
i), °% Fantedd ite HeB-Bupie lgheledriodanpgedind basgh) (a-amdor
i MimGstal bt u dbRnke1RY Ca-2n! ishedy ko 130, 0cad € NECD,
Scakge bar in (a) : 20 pmfor (a-i) . (j) After NB-3 or
2gag%§ :L tl&eatfrrent a-c-nyc precipitates from

hPEYCER N1 AAK: TRy ¢a6r S iTaL imfsastianst e sbeda@ N
cel F@Cﬁmﬂeaf‘t wAurobfotredi:byoal NmeRrkupper panel) or
a-Vv1i744 (1l ower panel). (C Hesl and Hess are not

aCtﬂ‘l\éﬁquSb)ﬁBl\B 3 Qﬁwci%.%lng ‘.:]_5ae% fd Notchl.

{A) NB-3 binds to Wotchl. {a} NB-3 co-immunoprecipitated with

25  Notchil. Immunoprecipitates from rat brain lysates using a-Notchl
and a-NB-3 were probed with a-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-NHotchl or a-
NB-3, # p<0.05 compared with CHLI; * p<0.05 compared with pre-

30  immune serum. {e) NB-3 binds to specific region on Notchl. The
Notchl GST fusion proteins or 65T 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 G3T fusion
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15 with NB-3 for different durations as indicated were
| ysed and the extracted nRNA subjected to real-tine
PCR (a) . The data were nornalized to the nRNA | evel
at the starting point. Qher cells were treated with
PBS, BSA, Li or NB-3 for 48 hours and anal ysed by
real,-t i PCR (b) . (c) OLN cells were tra
V\A&?ﬁoolg{ggsl‘lfsgor 20 Hes5 luciferase reporter alrl»gcﬁrg&tzt%gmosszg
followed by NB-3 treatnent or with caNl construct. 24
hours post-transfection, cells were subjected to

luci ferase assay. Data are mean SD. Figure 16.

NB- 3/ NOte% N qteroa%gsl on upregul ates MAG via DIX1. 25
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V17 24¢ -oxy €l 728} smyecadns fagte PN dei RBRede mytGur(ob)otted by o-
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i mmiRo<Ear 784 Y567 MRC Una°Eor FesspoMarhg O gelhdreated
1f5l ust Bs Bt dor idif énrsit yuoh t iMAG awasde edtlied deNlysed and the
t r ansteeted nand soonckbansf 861 80 mne Gkl £ ( Line d@at @elaer e

- neap, -4 Lo Sghe |eve ycture of DTXl and its two
del gt ];T%r@]i rﬁ(}t )én 91 r{\;‘%&a f .& the st‘CagH.IégSBBHH: t%thﬁ; cells

ter P Tfal 3ol "Pﬁé EER hB%Aegfrloﬁr FRPE RpngBHRoYrsnget analysed
not Y, redD-trips pERt (el ye) 01 cHeasl vdrdCtfREaSR <HORRRT M1 or

20Ssays t.@c:@f@@iéer H&;IJ}%er \é%dedk&)io@d !sch Cgt%q'atment with
he sca (k)

COn§£I\¥l;Jg%n I&E:ce 2%hoknjs pﬁtg[ﬁf.%‘sf?ctlﬂﬁ gells were subjected
devg‘i’ dﬁﬁ‘b‘?ﬁ"aF? 3?5&1‘3(159@?61 AYF atapardnodes pronotes 15
OPC differentiation via Notchl/DTX1 signaling pathway.

(A) rDRe3 Andudagiedh Ane-Mistl Ut At Pyt edgpring
25 {&}) MAG was upregulated in the co-culture of OLN-33 cells and NB-
3-transfected CEO cells {a). N-matrix: nuclear matrix protein.
CHO/OLN, NB3/0LN: co-culture of QLN-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
30  real-time PCR., GAPDH was used as an internal control. OLN cells
were f:eated 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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devel opnent. Brain stenms fromP2 (a), PS (b, c) rats
were double stained for Jaggedl (green) and NB-3
(red). The scale bar in (a) 30 pmfor (a, b), 5 pm
for (c). 20 (B) NB-3/Notch accel erates OPC
differentiation via DIX1. Purified Ng2+ OPCs from P7
r nerve (a) were treated with BSA

y@ﬁ,ﬁﬁ%é %&gedl (d) for 2 days and doubl e I%E}IIGPZOI({}@?O%”
Ng2 (red) and CNPase (green) . Oher cells were
transfected with do-N1 (e), DIX1-D (f) followed by
NB-3 stimulation or caNl (g) alone. 25 Cells were then

a (green) and CNPase (red). The
pem:ggg?gggqu‘g %ﬁfip%’{%‘@% ee‘a%ft%tlwér“é"%]aﬁﬁt%l( [N Cepht gere
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l8ouptadcniviehy NBg8-Hee 1 f Lisi 0= B QbfiRer (26N €BlconBiim the

aNBaﬁa okh eblotted s _indjcated
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(a) i rag‘ss ect ed
coa{)ed R sﬁ%sﬁ"rrafpec P BEHE - absence (b) or presence
of bl ocking antibodies: a-NB-3 (a), a-Notchl (d) or

DI eFiqure e . SEs-0Mad @) ofe@ht e cl@gi&ﬁ.ﬁ@tatcﬁiﬂaﬁoalﬁr&omotes

1§0U6$@Gl£ff en a C signa ofpa
th, Mg k;)trr a%%g%nt (éga :%le/él%‘ l’"é’ﬁ E‘gﬁpar ed
Wi tI§1 pre- FRMYREISEr i di"tfl(“é)lYNBSBﬂrb(‘i’éa‘éé@ergCD
nucfiegiorneahs |Boeat isoens KBEseware, rEndi,viduakd wetks eabind

W t Bea\BeB (£32. \ﬁ@&@dl( a%ﬁeexlﬁgiggqus(—g’o(r}%) ( Q)le Q:rc?lé?’%'g&: (:1.9) {e):

nestin

fory24,hayrs, t? nflx and triple stained
53 % %d I—Eg(‘:hst 33258 (blue) to locate

r een

ﬁlg ?“%“ée{f“%tﬂ&afc‘%eﬁeiaéfs PG NFffont{atich 5 PUB). NBcSfie
dOEBIZHOPPCACETMAL T rhieSipt i NGESvanes e wbEARSEAGLOGH vl A (b),

Hesiz-3l uﬂl berase-diepar ker 2CQN8t LHCh. [k ! pued Ly - N\B Néz
or 9&99 and CNPase (green). Other cells were transfected with dn~N
(e}, DTX1-D1 (£} followed by NB-3 stimulation or caNl {g} alone.
2% 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 pm for {a-g).

Figure 18, NSC: Rat brain stems of indicated ages were subjected
30 to Western blot for NB~3 and Notchl expression patterns.

Figure 19. NSC: NB-3 is a funciional ligand of Notchl.
(A} NSCs express Notchl. NSCs were double stained for precurser

marker nestin (a) and Notchl (b). (¢} is the merged picture.
35 Scale bar in (e): 60 um for {a-c).
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treatment or cotransfected with caN . 24 hours
post-transfection, the cells were |ysed and subjected
to luciferase assays (a). Oher NSCs were transfected
with pE7 luciferase reporter together 20 with
i ndi cated constructs with or without NB-3 treatnent

jgcted to luciferase assays (b) .
f\rg(g%eoﬁs i.sﬁ Figure 20. NSCs: NB-3 pronotes %Q;B@Jﬂ?feossm
generation. NSCs were passaged into mtogen-w thdrawn
culture nediumthat was 25 supplenented with NB-3 (a,
d), BSA (b, e) or Jaggedl (c, f). After 7 DV
di ff{er gatd at| t el were triple stained for
Piae (o erhe MRS b e Pl 3 o rap g
gre )Pr%??dn Wéﬁ%toomﬁ&ﬁa NB- B{ﬂcueu)aloa;hetmNSC&mag
Indbﬁlladhl@lj Ynd 'tﬂmﬁl@l:ﬂﬁ%ﬂe%dwé’}ﬁet Orrggckears Jfa ti bogy and
subtﬁ%t g Ilow 30 Cétorretr e percent

St Eling ﬂbrﬁ@r%meedesstm@cy@aésdv@ré
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40 pmstorof a-dve 1O PCT/ GL1 003/ 005329
Fi gure 21{ 6NB 3/ tl:\%?c\rﬁgs?g%gfl ?rﬁ‘g"? t’ﬁvva;%vﬁa el
i nsSTPGEYE “BHitgtendrdged d§endsis arNSGen Webe. * p<0.05
t r arrgbectdedi t tobicid@: Mk féded Djena QEXLs D% ﬁ@b D?)cotu;giljegv\%EQh

by NB-Bnwduheallrent or caNI (f, g) and doubl e stained
1Jor(cz 1@P’E)J:g‘rocg_‘late ta and CNPase (a, d, f) or GFAP

95 \aCRdstee Srratrar ol NSFXISRnd
DTX-IldBQl ohst toettsd b Neab lidi sy o) thlﬁ;gféenestoﬁmcns) or
ut idsezed ber @4wmsir€ otk IYRED iaRq Fﬂ%%lé IAGAm%Eaﬁﬁ n

rep@fr&ﬁ{) a§ﬁ%¥?réd?)a Jrhe GEN.S %{__“ fransfected cells
astc‘,;1 posi tive PP ERPada B CRRP (RREsAsuRCad

tﬁra’r"e (Fgan? L§Df‘”'f io3cale bar in (g): 20 pm
15f or(DQ BB, dagsghot BRgirree 22sL.Thecspudat n:yﬁls@@lﬁh with€ges1
extimacsd-bbd aephNBe3/ Nk ek Nt ARL 19{‘ Ngeé 83SESLiom the

5
nerEQE n IO rans =] rUI t rans Ca e
i nt i@%% %IS%?E?: eusPe\f\:ﬁeC?e“f}héa"@Unﬁf EXVRB@Pat ¢gansfection,

di @&t BrerRdiYcae 1Ay TRIRRied tox pradeiomn, atdus (a) .
pr @bty N§Colviegodendygtdngenesis 1uNSCrane Héﬂrteﬁt@{@ther

2ocelwhthQnan&e Mong‘éme'&@fé& &u NP, CNPase
Descr i ption of tﬁréuéevg%ﬁdetgfae t th R 27

| nven;tec ﬁdfﬁ ﬁécgﬁ'[afasse assays {b). Data are mean *+ SD.

Figure 20, NSCs: NB-3 promctes OL generation.
NSCs were bassaged into mitogen-withdrawn culture medium that was
25 supplemented with NB-3 (a, d), BSA (b, &) or Jaggedl (e, f}.
After 7 DIV differentiation, the cells were triple stained for
CNPase (a-e¢, red) or B-tubulin {d-£, red}, GFAP {a-f, green) and
Hoechst 33258 {a~f, blue}. Other NS5Cs were individually
immunolabelled with marker antibody and subjected to flow
30 cytcmetry. The percent of each type of cells: OLs, neurons and

astrocytes were counted (g). Data are mean + SEM. Scale bar in
(£): 40 pm for (a~f).
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Notch is the oligodendroglial surface receptor for F3
and NB-3 The inventor set out to identify the glia
receptor for F3 and NB-3. Both nol ecul es have a basic
structure conposed of immunogl obulin and fibronectin
type I'll repeats. Previous work 25 investigated the
¥ 8640s0ke F3/ tenascin-R (TN-R) i nteract i onpifigpiiadidoSbs
in-vitro nodels (Xiao et al, 1996, 1997, and 1998 al

i ncor porated herein by reference) O relevance to the
present study, the inventor had denonstrated that the
epidermal growh factor-like repeats of

TN &QQ@tZ'lt Lﬁlﬁ-@/t&&%h bélBg:ikﬁri ?ilﬁa f orvla %Xﬁb%ns%urc%rs]al
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t he ol i godendrocyte ceB’f [T ne was Conti rived

usﬁ??jl“r"ﬁnﬁ?fb&‘;‘}?a@@h‘e‘fﬁ%@r yerhaeunthesid) cdlaks drndeed * SD.

lexptess oot in Netchb (& and (NoteCh2gon their surface
(Fig 1c-d) The inventor first carried out substrate
si.on gssﬁ)és determ ne if F3 and NB-3 coul d be
b| n& R partnerd F“ﬁo’f‘%ﬂ’? To do this, the OLN-93
celThs freceldiiayr EB-UHORS HnerNBi8n proteien HOn the
;lub‘&i'nb% edresSnidn, tJilﬁ.cBhﬁSEﬂ._Q@ WX%%&}&%Q&%SPJCSEQI\%QQQJ it}_l{_ﬁ
1 [ [ aj_nst -3 an tch. e
r eg&m % %gsﬁggvget pg c%?plil?’gd‘%glatlef sdlé:a??telly et rLE%JCﬁnglyt =<
and”PhE Phe “QuhELPRAE1RY Poigdeiical iggpersiiad N§G: neural
antitispdieds: agabirst Mt memf3nsulys tmat exsancheh otrabiot chl
and Notch2 (Fig. la-j) . Cell adhesion to the F3
) fhen, NBS antlbodl es

n&?ﬁ’éﬁson W|th ant| bod| es aga| nst NB- 3 I\Iotchl and
I\Iotl*ISJtthh Redticediarlitniragl iati nesFoR. rédrpasdirbi aN, anshem-3
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nmor phol ¢gi cal” change

t
enI ar ge% an&‘ogmans? SPhRd PHY: %“BWIQ SHRpEd ‘t’%
ci rPEErR9lehuin eddl debhestéhayne 18T | xeedatvpStrevious work

25 investigated the effect of F3/tenascin-R (TN-R} interaction in
various in-vifro medels (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

30  neuronal receptor F3. The extracellular domain of Notch is

- composed primarily of epidermal growth facter-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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strikingly by an expansive cytoplasm c sheet (Fig.
lc-j). This alteration in norphol ogy al so occurred
when COLN-93 cells were plated upon the F3 substrate,
but only after a |l onger duration (not shown) . As
controls, the inventor used bovine serum al bunmin 25
ﬁz@[’ﬁs&ss@"“" met al, 1996), another neur aI Eanlzoosf 05329
esion  molecule of the i mrunogl obul i n supe F
but neither substrate pronoted COLN-93 cell adhesion.
Thi s suggests that the F3/NB-3 signal may constitute
a nechanismthat triggers oligodendroctye
di f [ Addi.tj onal evi dence for the
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{not shown). As controls, the inventor used bovine serum albumin
25 and CHLl (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 oligedendroctye
differentiation.

30
Additional evidence for the interaction between F3/ NB-3 and
Notch was provided using the same assay system and blocking
antibodies, but using mouse Notchi~transfected Hela cells instead
of OLN-93 cells {Fig. 1k-r). In this instance, the inventor noted
33 interestingly that Notchl-transfected ﬂeLa cells were repelled
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20 wth antibodies to Notchl and Notch2 (Fig. 2c-d).
These co- i nmunoprecipitation results provide evidence
that both F3/ Notch and NB-3/ Notch interactions nay
underlie the formation of protein conplexes in the
brain. 25 To allow the inventor to further

Wﬁo@&&s%b ze this interaction, the extr acga‘@hﬁfomﬁm
domai n of Notchl was arbltrarlly di vided into four

equal sized overlapping 1.5 kb fragnments (Fig. 2e) and
subel oned each of themin frane.into pGEX-KG (Guan and
Di xon, 1991) for GST fusion protein production. The
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protein fragments to Carty Bit cdFte- AamdsiBirsasvays
| n WREEIPTESLAit akishertsedt CHIO Wk |eyiderdeNBa8 both F3/ Notch
and NB-3/ Notch interactions may underlie the formation of

protein complexes in the brain.

25 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

30 fragments were expressed by induction of transformed E. coli. The
inventor's nomenclature for the four Notchl protein GST fusion
protein fragments is N1.l, ¥1.2, 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

35 antibody to Notchl specifically recognized N1.3 and N1.4 (Fig.
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20 transfected CHO cells were plated upon each

i ndi vidual fragnment. The results support the findings
fromthe GST pull-down assay, in that the
F3-transfected cells bound predomnantly to NL.1 and
N1.3 (Fig. 2j) and the NB-3-transfected cells bound
Risseniseant |y to N1L.3 (Fig. 2k). Al togethgrychigsRsso
results provide biochenical 25 evidence to support the
notion that Notch acts as a receptor for F3 and NB-3.
The expression of MAG is upregul ated by the

i nteraction between Notch and F3/NB-3 30 The above
results S t.i th ve ot.hesi hat
nol gghl gﬁy%nitg?&gt@? on- oc%nc{]]'n%g%lv\eé:ﬁe aé?%snlgaa? g %
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respectd ye axonal (F3, NB-3) '.. and glial (surface
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[Ffocations. Next, he explored how this signalling event
coulTée Havegg-ono- 12000523868 RCIrGBR0063/+005329 tu ekatigd

1o mueldeRadioendfidal ASiddi@e Met l-NaldshG: 0k b gQdendr 9eyken
contacts f’iﬁ%a% ahs, tes-a%Xans %Dure\* tfllhlt |GSJ, ered iral
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R TR A e s b MRS
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and papclers SEAGtcBr andl At tHeaNSfeCi e8merl bsdies & ius e
@as genirols. These cellular 10 cultures were
honogeni zed to prepare nenbrane extracts and anal yzed
them by i mmunoblotting to ascertain the |levels of RAG
(my éFi #n ad&ucratfednglye ofr dtiei ripclzmdc] Pri{qreotieol i tgied
pr otieidhror WGeapOBeths Wrchh@rsiiehiftagliast hd BatheodiNSe11
|1 AR AR LNAL, ARED (OB ERld Brd'RLA £Qng Yty ed

F3-transftecte
\@B revdhstec et ceHo e %1a(tﬁ<6tupgm6ﬁﬁ) ,ln%w@db%]cafﬁégment-
spe@héimablty eymregultat edndFigy. £r8) . thPL@BT] puigh-gown assay, in
howewes .thveretiN@rected cells bound predominantly to N1.1 and

N1.3 (Fig. 23) and the NB-3-transfected cells bound predominantly
te N1.3 (Fig. 2k). Altogether, these results provide biochemical
25 evidence to support the notien that Wotch acts as a receptor for
. F3 and NB-3. '

‘The expression of MAG is upregulated by the interaction between
Notch and F3/NB-3

30 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 assocciation and also their respective axonal (F3, N¥B-3)
and glial (surface expression of Notchl on cligodendrocytes)

35 locations., Next, he expiored how this signalling event could be
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same in all the culture systens investigated. This
suggested that the F3/Notch or NB-3/Notch interaction
was active in the setting of nyelination. To provide
further evidence to support this 20 finding, the

I nventor proceeded to analyze if a simlar alteration

Ivap Bad@bshizeo Speci fic proteins occurred when g{dTy@rzmmmg
ol i godendrocytes were enployed instead of the OLN-93

cell line. Therefore, primary cultures of rat
(postnatal day 1 or 2) oligodendrocytes were prepared
and plated them upon F3-Fc and NB 25 3-Hi s fusion

protreidtes L&Sﬁj?@.tlﬁﬁlogsﬁs( pl%vh%%.l%aegl %n Cﬂ.l dégngl:?mg

used as @ control substrate. ‘Again
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oligodendrocytes were prepared and plated them upon F3-Fc and NB-

25 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 betwesn axonal ligands
and glia. Two hours after the cells were plated onto the
proteins, total RNA was isolated from each of these interacting

30 systems and performed real-time RT-PCR assays to measure the mBRNA

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

35 I). Message levels of PLP however were not found to be elevated -
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15 signal swi tch nmechani smat work during axonal

ensheat hnent could exist. The inventor therefore

anal yzed the distribution of NB-3 and Jaggedl in rat

brain stem sagittal cryosections using

i mmunof | uorescence (Fig. 4) . Three separate age

W PuRGosYRs €  anal yzed - postnatal days 2, bcagshodshosszo

thus allowi ng the axonal 20 pattern of NB-3

di stribution to be investigated as the ani nal

matured. The inventors could not observe any staining

for NB-3 at P2 (Fig. 4a-c), whereas by P5 (Fig.

4d- fen NBp3r&Ouhch IBEe 38 cl anodes.
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(Fﬁif 16 aEﬂ then translocates to the paranodes during
development to form distinct clusters. Tmportantly, 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

30 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.

Noteh is the oligodendroglial surface binding partner of F3.
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15 To investigate if F3 could bind to Notch, cel
adhesi on assays were perforned as described (Xi ao et
al, 1996). OLN cells were plated on F3-Fc (F3)
substrate in the absence or presence of bl ocking
anti bodies. OLN cells adhered readily to F3 (Fig.

Gtﬁ?%.owéﬁssgm not to CHL1-Fc (CHL1), another, Eﬁgﬁ[@é&ﬁw
ce

adhesion nolecule (Holmet al, 1996) {:
Adhesi on was bl ocked by pre- i ncubation with F3 (Fig.
6A] ), Notchl or Notch2 antibodies (Fig. 6Ae, f, j),
but not by pre-inmmune serum or anti gen- depl et ed

Not ch2 .
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_ 7Aa'5mmunqqytgcl]e@tqbgyow|flza®galy1‘at amNF3E1ls express Notchl and
antycdeerly opreet piduatfnasiqpréhed,yw t h Not chl or Not ch2
s@anti bodies (Fig. 7Ab) . These results indicate that
NotTch and F3 can form5 cortfpl exes. To identify the
spedi FIESEHE3EEs)T Bh RBEERERT 67 Ne8chi Aeltingdhdsdon wperse
Notwekif W?%éldsuﬂaﬁfcrdmmunawa@t divitded .i 010 cE DUl were
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4 %o’n it mot o SP e':é ne serum or antlgen—depleted
antlbodles to Notchl or Notch2 (Fig, 6Ag, h, i)}. Murine Notchl
25 (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 Hela cells were
repelled from F3 (Fig. 6Ba) compared with mock-transfected HeLa
cells {Fig. 6Bb). Repulsion was reversed by pre-treating the
30 cells with F3 or Notchl antibodies, but not with pre~immune serum

(Fig. 6Bg). These studies suggest that Notchl interacts with F3.

F3 binds to apecific sites on Notchl

To confirm F3/Notch interaction, rat brain membrane samples were

35 imunOprecj.pitated with Notchl or Notch2? antibodies,
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15 transfected CHO cells (Gennarini et al, 1991) were
seeded onto culture dishes coated with the four GST
fusion proteins. Cells bound predom nantly to N.
and N1.3. Mock-transfected CHO cells did not bind
(Fig. 7Cb). 20 F3 and Notchi are not co-localized in
| 3B, s F3 is a surface nol ecul e | ocal i %8#:d26b3/005329
?g.gmégé%% of OLs (Kramer et al, 1999) . To o
ascertain whether F3/Notch interaction could occur in
cis in these m<crodomains, they were isolated from P15
rat cerebral cortex. Both F3 and Caspr were detected
in f ' C.SUgrose density
7D) BREIER0 Y2 PESHELREF AT v en i) ool e
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cerebr o GOrtex (not shown). Thus, F3 and Not C are
unl i ?y ) conplex 30 laterally mnthln l'ipid rafts
Al'together, these observations suggest that F3 is a
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t hi slldemerﬂtm@Fugg 8&e). Pre-incubation with anti body
to Notchl repeats 11-12 (EGF 11-12 anti body,

cro sr %ﬁts with Notch2, 10 not shown) abolished
3 i n dicet Fr s FHCRETORSY R -LPBATPELS Br ef el di nA
and FPm’r‘Fehs#%fémmolsdwwm)locadon@DundlsptdnabftsnImfb@ﬂ's {th@mner

menbrase 199l ticons Rk Not GlilndSehnRete flnaém%klonl 998k

alsg Breyented NLCD transl ocation. Cell tre
with | ncreasing N!é%sr?cielnctr?acfl "EEhe OFYFS O élﬁge%%r?“e&ls

to éaglwe%allwﬁ:%séoqlhm and Caspr were detected in fraction

25 5 of the sucrose density gradient {Fig. 7D} as reported (Faivre-
Barrailh et al, 2000). Notchl was found only in fractions 9-12
that are enriched in cytoskeleton-assoclated proteins (Fig. TD).
The same results were obtained using adult rat cerebral cortex
(not shown). Thus, F3 and Notchl are unlikely to complex

30 laterally within lipid rafts. Altcgether, these observations
suggest that F3 is a trans-binding partner of Notch.

NICD translocates to the nucleus after Noteh interacts with F3
The immediate consequence of Notch activation is the release and

35 transport of NICD to the nucleus (Schroeter et al, 1998). To
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15 nucl ear clustering of NI CD, indicating that

transl ocati on occurs in an F3 or Jaggedl

concentrati on-dependent manner (Fig. BAe). QLN
co-cultured with either F3- or Jaggedl -transfected CHO
cells, but not with nock-transfected CHO cells, also
reeuboestason production of Notch2 intracel | pdbp0RR5:0
(1CD) (Fig. 8Af). 20 Notch2 ICD anti body was not
crossreactive with Notchl 1CD (not shown). These
results denmonstrate that F3, |ike Jaggedl, can
activate Notchl and Notch2, |eading to subsequent
nucldetarninans| KcatisoRs of s Ena1- ligagg £53;.d:d %tgeeghese
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V1749 72kt iMBbeR erhtlosdizel Jear er0gniszbse NeLD niel £ased
f r 6mr83o4ak26n okDaen( Fi g. 8Bg, | ower panel).
- Altoget her, these observations suggest that F3
251 nguces RIP at the Notchl S3 site. F3/Notch
i nt eraction ‘tfﬁPe’g’t}F?ﬂ@g@rm etfavaged aNottheh?3 exps.essi on

As a prerequisite for activation, Notch undergoes RIP at the §3
site (V1744) by the presenilin-dependent y-secretase {Schroeter
et al, 1998; Huppert et al, 2000). Yo clarify the nature of F3-
induced cleavage, mNotchl-myc transfected OLN cells were pre-—

30  incubated ‘with Y-secretase inhibitor and then treated with F3 or

Jaggedl. In both ctases, no NICD staining was observed in the

nuclei (Fig. 8Ba, b). Moreover, two 83 cleavage mutants: V1744K-

myc and V1744L-myc, which showed reduced proteolysis and parallel

reduction in activity (Schroeter et al,, 1998}, were transfected

35 into OILN cells that were then treated with F3 or Jaggedl, Cells
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15 F3, but not BSA, induced a two-fold increase in
nuclear NICD (Fig. 8Ca), while there was no

noti ceabl e change in cytoplasm c N CD, suggesting
that F3 upregul ates Notch expression. To investigate
this, OLN cells were cultured with nock-, F3-, TAGI -

‘Wo (Nfosgs nsfected CHO cells. TAG 1 and TA)‘(fg@%oosmsm

ers of F3 20 subfanmily (Tsiotra et al
ExpreSS| on of Notchl and Notch2, but not Notch3,
i ncreased when OLN cells were cultured wth F3-
transfected CHO cells (Fig. 8Ch). Real-tine PCR
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up - rg:g ect CHO cells, wth othe
ol Tﬁ)@%g J}.g E{I@ ‘&% ifs] %(yuie‘: arnbeg'?)of F3

9 CHO cel tl on Was on
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ol i gadendeay Ichal celli 9 C@ﬁ? gtfégﬁm eﬁ%’f%ﬂ%)(&%&g ggﬁﬁﬁgé\/&? ﬁgﬁ?,

bUt n ‘]99 e aseer\%g Bcg te t
mor phol ogi cal  change descFrda Ebo i Joten
transcripts (Flg 8Ce}, while Jaggedl only upregulated WNotchl,
253 but not Notch2. Thus, F3/Notch interaction may provide a feedback

loop to specifically upregulate Notchl and Notch2.

Oligodendroglial procedses alter their morphology upon contact
with F3

30 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 Ffor observing subtle
morphological changes that oecur during contact. F3-transfected

35 CHO cells mimicked the paranodal axonal component. Mock-, TAG-1-
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15 relate to F3/Notch signaling, the expression of
myel i n-associ ated glycoprotein (MAG in the

af orenenti oned co-cultures was investigated. Parental
and transfected CHO cells did not express Delta,
Jaggedl and Jagged2 (Fig. 10Aa) . Menbrane extracts of

GRo 260ihdhiped cells were inmunobl otted for g
constit ut Ive level 20 of MAGin CLN cells \AM/E??]GBI& f005529

low, if not, undetectable. However, when OLN cel I S
wer e cultured with F3-transfected CHOceIIs, NAG was
upregul ated (Fi g 10Ab). F3-transfected CHO cells do
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c:ovcger]LEeLlrg@a'g 119{?5 réVen e rL§8t§% Y351 d* e EPeds Bt tiget

20covErEY by Y- srdfsues ‘asagg@m -ifopoBSprdateatasde c dblaver,
( Fivgen DOBH)ells Tees ecuf bndbngsh cont idndre kQaFSrd B@hli@edme

m@ablpfp@@éﬂlat:é@nﬁ‘a_%gbilﬁ U gxgalllxl @écﬁ:gd %OF ll}!o &o no

I nvol venment

i nt(%%ggct i E‘t er under st and
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25 approximately sixteen-fold increase in MAG Lranscripts, versus
cglls seeded on BSA (Fig. 10Ac). OLN cells showed a similar

efficiency of MAG upregulation (not shown) .

In immunostaining assays, miotchl-mye transfected OLN cells were
30 immunolabeled for MAG and 2', 3'-cyclic nuclecotide 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. IDBd), compared
with Jaggedl (Fig. 10Bb, ¢, e, £) or BSA {not shown) treatment,

35 Quantification of MAG and CNPase fluorescence intensities
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15 negative Notchi (dn-N) or Notch2 (dn-N2) (Small et
al, 2001), which lack the intracellular regions but
can bind to extracellular ligands. Cells, were then
treated with F3 and double stained with VS and MAG
anti bodi es. Notably, both dn-Nl-V5- (Fig. |0OCa) and

digoNdoadsssd Fi 9. t OCb) positive cells were paefdnrososse
| abel ed for MAG pcDNA4/V5/LacZ (LacZ) was used as a

vector <control (Fig. 10Cc). Moreover, O.N cells
transfected with two S3 nutants, nmyc-tagged V1744K
(Fig. 10Cd) and V1744L (Fig. |QCe) vveretreated W th

F3 andedouble Shain r:062 n Ln, gither
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r u sti.n a 1S
U eﬁlﬂb@éﬂ 95] t%h&&qqot%h%s ﬂegu:.regog nGIFd‘ttr VTél ?c&ﬂlélm, F3

requi red expr essi
F3 i WIPRS tlé?/éﬁilﬁlvég Hatenernd ?W@s% |sglae*edlk¢3>structure
i nt r@daciiegzi ntoaGiNeeldssoVint a;gged:atmu area covered by

consdeh i §1trde¥€113Gt d VGo-N04 GHL LcaN, r?:IaFI Qove%%cﬁ%y —versus

Not aN2 ).
ext ?%%%%Clclul a")r éor}%f:”ar‘]tsega“r]edl%\r(g“ﬁ gartd - i rgp erigeiasyconfirm
et ifPeindsrad 1MAGtupapgul20®T) . That is, even in the
absence of F3 35 stinulation, NICD is gener ated and

t r apgkogat, a . 2004/ 052389
PCT/ os?ée(?ﬁ’ 3 Eelae%%}unﬁ%_ﬁf"g‘“’é’ﬁ\’/p “"caNl (Fig. 10Ac)

and "Cart ‘FhoTUEFHGRAY thE dorelagmentoof WECR dangdet ¢xrati GRY
of Kesls iWAre Uehidrasle repofdoerd asSSAWS-taghkd lemlnant—

1tor amef@tvie oMb el s MRrH Aauhb eaatidd) ned for. Vo, 3@901) ,

MAG,,1 1 l.apel i wed t hat V5- 03|t|ve cel |
vve?ghf%%&g tg?aﬁ ﬁe% Zﬂgar VESCFY E TOEH 56 ven that

Jag&éa’facgll%l“ni’o"@&@ NFCDs . weat é@ge trbateddwsl Adtand double
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act Ffﬁ‘é’ﬁc’&n(%‘ﬁ I’r°€§) Herrezet nOBh ceblei Eratséegtenamnitertwo S3
(Hi matzntet naicht20Q6@)v17HealrigRNACIL %R 8R! DN (iE'fJg Odde)

cel IwSré/\@§e$thz\dswitﬂV§33taﬁcg %E\?x:gie %ﬁll:l%(:f fo:g I nﬁycz aﬁ%/lMéBT&n

non- gyy g %8 tlr eat nent ol S Wt
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Nﬂuﬁ}ﬁlt’fh@tﬂh’é off| MRSt fluorescence intensity confirmed that
Notchl or NotchZ dysfunction, in other words, the absence of
NICD, abolished F3-induced MAG upregulation (Fig. 10C3),

suggesting that NICD is required for MAG expression.

30 The inductive role of F3 in this event was further investigated
by introducing intec QLN 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

35 stimulation, NICD is generated and translocates to the nucleus.
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15 two hours and a return to basal |evel by three
hours (Fig. ilAa), reflecting the exquisite intrinsic
regul ati on of endogenous Hesl expression (Dale et al
2003). However, F3, Jaggedl or BSA treatnent did not
significantly alter the baseline oscillating |Ievels

ofyoendegsdous Hesl transcription at short
three 20 hours) or long (12 and 24 hours) &Fﬁ@gﬁ@?/ﬁ&ﬁm

treatnment (Fig. |1Aa). To investigate whether
F3-induced NAG upregulation is related to

constitutive |levels of Hesl protein, Hesl antisense 25
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bi n .;Hesl. ot er ion (Kato at 35 all 1997).
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Y nl e a n 19he le
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o MAG, I N r ex ressi o
2t he &%lggg% 2y ilé r§1 c?%lgshoel\lfsg)nt l‘\?\/asaf‘i‘?\fe"srteiab“éec“éd‘FllS‘S| ng

1334 gedwi I d type DTXL (Yamanoto et al, 2001) and
|ts two deletion nutants as depicted (Fig. lima),

"nansd )invé%l&%%@:@tﬂ:éz @I)&l.d[!}’édaﬁie (JPTe)é"LlllaQJ.Ln Cl%nl::e Iarg!ag] QZO

- Y,
_ am g‘o%s@:@éu@:.ve leve]ls( rfl’gsr.rioproteln, Hesl antisense

25 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. 1iad, e, g).

30 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 REBP~J-myc {dn~RBP-J-myc},

' bearing a mutation of lysine 21B to histidine, which abolishes
effective high affinity binding to Hesl promoter region (Kato et

35 al, 1997). Hesl luciferase reporter assay showed that the mutant
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al, 2001) and Fl ag-tagged DTX1 mut ant (DTX1-D2)
containing amno acids 1-242 (lzon et al, 2002). The
two nutants lack the Ring-H2 finger notif, which
contributes to DIX1 oligonerization, an essenti al
step for DTX1 functioning (Matsuno et al, 2002) . As

20vgoesnsss| y observed (Yamanoto et al, 2004gwcER& 005320
luci ferase reporter assay showed overexpressed DTX1

inhibited the transactivation of Hesl by caN (Fig.
11nb) . On the other hand, both DTX1-Dl1 and DTX1- D2
restored Hesl response to caNl (Fig. '.. 1lnmb). After
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double labeled for MAG and corresponding tags. Overexpression of
BTXl had no effect on F3-induced MAG upregulation (Fig. llBc-e,
l). Interestingly, MAG upregulation was abolished in the HA-
positive or Flag-positive cells (Fig. 1iBf-1). These observations

strongly suggest that F3/Notch-induced MAG upregulation involwves
30 DTX1.

F3/Notch signaling pathway via DTX1 promotes OPC differentiation
into OLs

The Jaggedl/Notch signaling pathway inhibits differentiation of
35 OPCs into Obs (Wang et al., 1998}. To explore whether F3/Notch
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15 or Ng2 (Fig. 12h-j) showed that nost do-Nl (-75%
or DTX1-D2 (-67% transfected OPCs remai ned Ng2+
(Fig. 12k), despite the presence of F3. In

particul ar, -40% of do-N -transfected cells were
CNPase+, but these cells were less bifurcated (Fig.

6 2004hh56t ), conpared to surroundi ng non- tlfc"l"hsﬁfzﬁ)‘ifo(%?zsa
cells, indicating 20 a relatively imature sta
However, CNPase+ DTX-D2-transfected cells were hardly
detectabl e. Consistent with a previous report (Wang

et al., 1998), caN -transfected cells renai ned Ng2+
and,; AL gt bec CNPase+ OLs (Fig. 12k)
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li fj | ar rotein or astrocyt es
g a@rl-lc;st }1 loe,l_%a X &%ase+ OLs (Fig. 1 k), ifdicating that -

(Fig. 14Ac
iRduced NICD is specifically required for accelerated OPC
25 differentiation. These results demonstrate that F3/Notch

signaling via DTX! promotes ORC development.

NB-~3 is located at the parancde
Central to the inventor's aims is the characterization of an

30  interaction between an axonal ligand and an oligodendroglial
‘receptor at the paranode, acting as a stop signal to prevént
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

35 the potential candidates, there is F3 which exists as a complex
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results confirnmed that only neurons expressed NB-3.
NB-3 15 expression in rat brain stem devel opnent was
next investigated by Wstern blot. Conpared with F3,
NB- 3 expression started from E17, reached a plateau
between PO to P21, and declined afterwards (Fig.
14Ad¥ whi ch parallels the tinme frame of CL

d R85, as marked by increased expres®COBBWH005329
MAG These observations 20 indicate that NB-3 is a
neuron-derived nol ecul e. These results suggest that
NB- 3/ Notch signalling may play certain roles in

mul tiple phases of CL devel opnment. However, NB-3's
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It
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F3/ Caspr conplex on nyelinated axons.

25 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

30 and stabilization of myelin loops {Girault and Peles, 2002). To

explore the role of NB-3 in axogllal 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

35 polyclonal antibodies agalnst Caspr or sodium channels on adult
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NB-3 is a functional l|igand of Notchl 15 Gven its
expression profile and specific location during OL
mat uration, the inventor was interested in finding
whet her NB-3 could interact with OL-derived Notchl.
| munopreci pitation assay showed that Notchl
extyr. | ar domain (-190 kDa) was detected in
N@Bﬁ‘gﬁ% %ody precipitate fromadult rat brlé(r‘lHGBZOOBIOOSSE
menbrane 20 extracts while a Notchl
anti body-precipitate contained NB-3 (Fig. 15Aa),
i nplyi ng the existence of NB-3/Notch conplex. OLN 93
QI\% cells, a permanent cell l|ine resenbling
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t.echl _extra eI I ul ar domai n,
N SR oo BB S o Rt i ST g e despiex on

assé‘i)'ef’rnﬁﬁ?cf &t°r-ai n | ysates. | mmunobl otting showed
that NB-3 associated only with 35 N1.3, a region

cont@i-iiRg. Bah-£ieRLA L Sqar a8 noEl:d- 15Ac). The 102 WO
£004105 23§9 eE:CL/ 6820037 005329 specificity was
confirne PHEOBE EFVHLF IS $a%4E E MBI 3ati o Slut et @

CI—D“EE‘H%%ﬂ*aF%I igporiot hesiydexdsdedlinr ecatmbd magther NB-3
f r ageenht snbound wapredonridianid Yot NlIngﬁul(@rgclp:kﬁMon assay

Whi |s8oimAC Ky et o arelc! s . di d
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nucl eus f@cﬁ?%é‘teé?“éfl' d1995? I’Q%Psedrenesqéﬂo#@em herays.
NB- Jrpunogy foghertiisprialshbwegartth todLaNed IR| expressed Notchl on the

25  surface (not shown). Cells adhered to the coated NB-3 substrate,

but not to CHL1, another neural cell adhesion molecule (Holm et
- al, 1%96). Adhesion was blocked by pre-incubation with NB-2 or

Notchl antibodies, but not with F3 antibédy Or pre-immune serum

(Fig. 15Ab}, The same results were obtained by using Notchl-

30 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, Ni.2, N1.3,
and N1.4 were used in a GST pull-down éssay from rat brain
lysates. Immunoblotting showed that NB-3 associated oniy with

35 N1.3, a region containing EGF repeats 22-34 (Fig. 15Ac). The
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OLN cells transfected with nyc-tagged full-1ength
mouse Notchl (mNotchl-nmyc) were treated with NB-3
(Fig. iSBa), Jaggedl (Fig. 15 15Bb), or BSA (Fig.
15Bc) and i nmunostained with NICD anti body (Logeat et
al, 1998) . Both NB-3 and Jaggedl, but not BSA,
induced N CD to concentrate in the nucl eus. Notchl

PEE2AH?Body targeting EGF-1ike repeats o CRGEE{p/00532

prevent ed NB-3-induced NI CD nuclear clustering (Fig.
15Bd). To study the properties of NB-3-induced 20 N CD
rel ease, OLN cells were pre-incubated with y-secretase
i nhi bitgr bef ore exposure to NB-3 (Fig. iSBe) or
JagGRW{HGY “IShowrmIhPhdbh abazestignscFledr NASED
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9 é?‘atllﬁ%éPanNBF%s%ndHﬁQANIC&nEElGSﬁ lihetloey expreseion
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25 V1744K and V1744L which abolished 53 cleavage (Schroeter et al,
1958), successfully prevented NB-3- (Fig. 15Bf, g) as well as
Jaggedl- (Fig. 15Bh, i} induced NICD nuclear transleocation. In
Western blot (Fig. 15Bj), c-myc antibody precipitates from either
NB~3 or Jaggedl-treated V1744K-myc or V1744L-myc-transfected OLN

30  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 §3
site. In contrast, mNotch-myc transfected OLN cells generated.
NICD (~120 kDa) that was blotted by V1744 antibody after NB-3 or

35 Jaggedl treatment (lower Panel), Together, these results
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after various treatnents, including another cell
adhesion nolecule L1, Hesl nRNA still remained at
basal level (Fig. 15Cb)  To further clarify whether
NB-3 activates Hesl, Hes luciferase 15 reporter assay
(Fig. 15Cc) was used. Neither Heal nor Hes5 was
activated by NB-3 treatnent, while constitutive-active
NBPAHOSB8aN ) (Smal | et al, 2001) acti vat SRETHIRHH3/005329
| uci ferase reporters, indicating that NB-3 did not
activate Hesl and Hes5. 20 NB-3/Notch interaction
upregul ates MAG via DTX1 The effect of NB-3/Notchl
signalling in nyelination was further explored. The
nenbedfes ERErhdhat FRonisdiced | t-ared tOldNdaminientstin1 rp
NB- 3at one wBckitker.ansfected CHO cells were i mmunobl otted
for NAG a hallmark of OL maturation. MAG was
- upr uI at ed onIy in OLN cells 25 cultured with

NB- 3‘% F &8s B2 e 0ReF eskiwtedby MBt8Aa) . Real -time PCR
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expression in transfected cells (Fig. 16Bd, e, green),
Phede-3/8bsdr vatdmnsidnneiregintéd e NBaSmQQner at ed NI CD

s @5@%@%&@ of Qfa-3 NRGPT 1 m Juced  MA
upr e%cjl ation,in anOS%? %#x%q’%%?#g lc thghas furthex
S

transeiipti on PFECPETe HFGPFEdtTR 'f‘hlcé‘l’é\FéﬁtOLNCleNlS with

cel F&-3inePe mopkrigkaeiestiedCit cdbls nardt imegabioteeRBP: Jing, a

(dnhiRBiad) of OL maturation. MAG was upregulated only in OLN cells

25  cultured with NB-3-transfected CHO cells (Fig. 16Aa}. Real-time
PCR showed that NB-3 increased MAG transcripts about 24 folds in
primary OLs from P5-P7 rat cerebral cortex (Fig. 16ah),
-Immunostaining showed that in response to NB-3, mNotchl-myc
transfected OLN cells produced a 2.5-fold increase in MAG

30 staining (Fig. 16Ac, £), compared with Jaggedl (Fig. 16ad-f} or
BSA (Fig. I16Af). MAG upregulation was blocked by pre-treating the
cells with Notchl EGF antibody (Fig. 16Aaf). To study the role of
NB-3/Notchl in MAG upregulaﬁion, OLN ¢ells were transfected with
dominant~negative Notechl {dn-N1) (Small et al, 2001) that lacks

35 the intracellular portion but still can bind to extracellular
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(Kato et al, 1997), which lack effective high affinity

binding to DNA (Fig. 16Bh) or DTXl1 (Yanmanoto et al,

2001) (Fig. 1681) or two DTX1l deletion nutants that

| ack the Ring-H2 notif required for 15 oligonerization

of DIX1 (Fig. 16Bf, j, k): DIX1-Dl (Yamanoto et al,

2\8 and DTX1- D2 (Izon et al, 2002) . Hesl |uciferase
g& ot‘”g?mﬁssay confirnmed the vali di ty of th¥@B2003/005329

constructs in OLN cells in that do-RBP-J inhibited

Hesl transactivation by caNi and the conpetitive

bi nding of DIX1 to caN also affected this, which 20

was ,restore DTX1-DI or DIX -D2 (Fig. 1GBg) After
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SI gna 5 yrwéﬂbﬁp P ecalds p(;ggﬁm)ebmdgrm?l*@ nFag .
16Bh) dld not affect NB-3~induced MAG upregulation. Similarly,

25" DTXl-transfected cells {Fig. 16Bi, green) responded to NB-3
stimulation. However, the dysfunction of endogenous DTX1 by DTX1-
DI and DTXi-D2 (Fig. 16B3, k, green) abolished this event,
indicating that DIX1 is involved in NB-3-mediated MAG expression.
Thus NB-3 may activate the Notchl receptor and release NICD,

30  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

35 pairs of interaction: Jaggedl/Notchl and NB-~3/Notchl may coexist
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10 young OL | oops al ong axons at this stage (Wang et
al, 1998). At P5, NB-3 clustered at the paranode
(Fig. 17Ab, c) and Jaggedl occupied the juxtaparanode
and internode, separated from paranodal NB-3 (Fig.
17A). G ven the decrease of Jaggedl expression (Wang
et al, 1998) after P6, the inventor's 15 observations
SOG4 BR¥at t he bal ance between these two BSAIGRI003P05329
interactions may be disrupted during the |ater stage
of L maturation, in other words, NB-3/Notchl
interaction predomnates to induce OL naturation at
the CNS paranode. To attest this notion, purified
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25 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-Dl {Fig. 17BEf} and
treated simultaneously with NB-3. Double labelling feor tags
(green} and CNPase {(red) showed that introduction of either
30 construct significantly blocked NBE-3-promoted OPC differentiation
into OLs (Fig. 178Bh). and consistent with the previous study
- (Wang et al, 1998), calNl-transfected OPCs remained
undifferentiated {Fig. 17Bg, h).

106




10 frame of oligodendrogliogenesis fromNSCs (Fig. 18)
NSCs: NB-3 is a functional |igand of Notchl The
expression of Notchi on NSCs by i munofl uorescence was
studi ed next. The NSCs used in this study were

i solated from 15 enbryonic day 14 BALB/c nouse enbryo
striatum gAr senijevic et al, 2001) . These cells
SYPPUYERHW | ntermedi ate filament protein nefTEB2PH0H2
19Aa), a progenitor 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
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immunoprecipitated using NB-3 antibody and blotted with Notchl
antibody and vice wversa (Fig. 19Ba). Western blot showed that NB-
25 3 and Notchl co-immunoprecipitated. Moreover, cell adhesion assay
was performed by plating murine Notchl- {N1) and mock-
transfected HelLa cells onto NB-3 substrate coated proteins. Ni-
transfected Hela cells adhered to NB-3 {Fig. 19Bb), but mock-

transfected Hela cells did not bind (Fig. 198f£). Adhesion was

30 prevented by pre-incubation of cells with NB-3 or Notchl
antibodies (Fig. 19Be, 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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Hoechst 33258 staining (blue) (Fig. 19Ca), which was
simlar to Jaggedl stinulation (Fig. 19Cb). However,
BSA failed to trigger this event (Fig. 19Cc),
suggesting that NB-3 specifically interacts with
Notchl to effect typical N CD nuclear 15

transl ocati on. Anot her prom nent feature of c| assi

NP &H+9%818nal 1 i ng pathway i s that nuclear éﬁm‘%s"&sm
transactivates target genes, such as Hes genes
(Martinez Arias et all 2002). Thus the Hesl

| uci ferase reporter assay was utilized to investigate
whet her NB- 3-generated NI CD could activate Hesl. The
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i nvensof, 8%plaored whet her ch i nteraction was

inval ved in ol godendrogt i ngaﬁ‘e‘étf J“T‘erdoﬁi’ 5RETE 92 5% do
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eltexl (DTX1) is another Notch downstream element (Yamamoto et
al, 2001), the impact of NB-3 on DTXl-mediated Mashl

23 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-

30 tagged DTX1-D2 (Izon et al, 2002) that lacks the domain 3, Ring-
H2 motif which is required for Ffunctional DTX1 homodimer
formation {Matsuno et al, 2002) (Fig. 21e). These results suggest

that NB-3~generated WICD may mediate DTX1-related transcription
events. ’ '
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i mmunost ai ned for OL marker: CNPase (Fig. 20a-c, red);
neuronal 10 marker: (3-tubulin (Fig. 20d-f, red); and
astrocyte marker: GFAP (Fig. 20a-f, green) . The
results showed that distinct fromBSA and Jaggedl,
NB-3 pronoted OL generation. On the other hand,

,0 BSA, NB-3 had little inpact on
ﬁ‘ggp@%%egsl s, while Jaggedl inhibited thi JCREB003005329

reported (I\/brrison at al, 2000). Flow 15 cytonetry
confirmed these observations in that NB-3 induced a 2-
fold increase in C]_ generat ed, conpared to BSA
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25 assay showed that dn-N1 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 VS5 and CNPase ot
GFAP showed that dysfunction of Notchi by dn-N1 abolished NB-3~
promoted oligedendrogliogenesis, while favouring astrocyte

30 formation (Fig. 21a, b, i). To further investigate whether DTX1

. participates in NB-3-induced OL formation, NSCs were transfected
with Flag-tagged DTX1-D2 (Fig. 21c¢). Hesi luciferase reporter
assay confirmed that DTX1 inhibited Hesl activation by caNl while
DTX1-D2 restored Hesl elevation by caNl (Fig. 21h). After

35 differentiation in the presence of NB-3, NSCs were immunostained
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signalling pathway (Fig. 22). 10 Discussion relating

to the Second Aspect of the Invention Using

nol ecul ar, cellular, and norphol ogi cal approaches, the
i nventor has identified a functional nolecul ar
interaction between Notch and F3/NB-3 at the

paranode, a vital site for axoglial signalli i n

Y@ RHEE$88n. A new axonal adhesion 15 nnledﬁﬁ@ggmﬂﬂﬁ§?
has been | ocalized to the paranode. This interaction
may regulate the differentiation of the nyelinating

ol i godendrocyte during axonal ensheathnent and act to
preyent utative nodes of Ranvier fron1beconing
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25 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 Netchl and Notch?
expression., It promotes OPC differentiation and upregulates MAG

.in OLN cells and primary OLs, thus revealing a potential
30  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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active signaling axoglial channel sited at paranodes,
where cytoplasmfilled glial |oops spiral and indent
t he adj acent axol enmmal nenbrane. Al though paranodal
axonal and glial nolecular nmenbers have been
descri bed, their functional interactions in 15
r\ggul ating nmyelination remain ill-defined. |In su(Pgort

£’ tion that glial Notch could act S T{Gfa005/005329
receptor for axonal F3 and NB-3, the inventor shows
t hrough co-i mmunopreci pitation experinents and GST
pul I - dovvn assays that these nolecul es physically
| nt ergia Furthernore, he has identified two regions
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25 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

30 transfected CHO cells. The molecular basis for this signal is an
interaction between F3 and Notch, TIn support of this, adhesion
assays using OLN-93 and Notchl- transfected Hellia cells cultured
upon a ¥3 substrate demonstrate that cellular interactions are
disrupted by specifie antibodies against the proposed ligand-

35 receptor pair. Together with previous morphological data that
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10 or NB-3 led to different interactive outcones;
adherence to the NB-3 substrate, but repul sion from
the F3 substrate. This could be due to distinct
signals originating fromthe dual site F3- Notch
interaction (resulting in cell repulsion) and the
S|n site NB-3-Notch interaction (nediating
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25 Different ligands signal to glial-derived Notch to co-ordinate
myelination
The complex nature of myelination demands a co-ordinated, dynamic
serles of axon-glial interactions which are likely regulated by
the temporal and spatial distribution of trans interacting

30 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

35 nerve model, Jaggedl is downregulated with a time course that
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contact and extension of oligodendroglial cellular
processes to along the axon. The inventor's results
support the idea that the Notch receptors may switch
to other ligands, such as clustered F3/NB-3 as
positive signals at paranodes, triggering the onset of
the ensheat hing process. This |igand switch nmechani sm
Ml 24HeB38%under | i e a phase transition fromPCI/GB2003/605529
di fferentiating oligodendrocytes 15 held in check by
an axonal inhibitory signal to subsequent maturation
into nyelinating cells. Spatial regulation of
nmyel i nati on may be achieved by the clustering of
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25 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

30 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 alsoc shown in re-myelinating peripheral nerves how F3,
initially diffusely distributed along the demyelinated nerve

35 fibre, becomes clustered at the paranodes by the effect of re-

113



and NB-3. 10 The ol i godendrogli al -dependent clustering
may not only result in a redistribution of axonal
proteins into domains but also |lead to a "dose

effect”, in that nol ecul es that were once sparsely
di stri buted becone packed together in highly dense
bands. Only 15 the concentrated axonal |igand may
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"stop" effect, explaining why stop signals are not
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axoglial contact when the axonal nol ecules are
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likened, albeit simplistically, to a machine with excavators at

25 its 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 aﬁ in-built feedback

30 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

35 (Martin-Collinson et al, 1998) and N-cadherin (Schnadelbach et
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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

30  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

35 existence of F3 and NB~3 as signalling ligands. These neural cell
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famly of basic helix-loop-helix transcriptional

regul ators. The Notch receptor classically plays a
critical role in cell fate selection during

devel opnent (Artavani s- Tsakanos et al, 1999; 10 Baker,
2000; Mumm and Kopan, 2000). Apart from neurogenesis
duri ng devel opnent, Notch also participates in
d’i’?@?@%‘ﬁé@?s (Morrison at al, 2000) and hadCBEE03/005329
inplicated in T-1ynphocyte devel opnent (Robey et al,
1996), haematol ogi cal malignancies (Ellisen at al,
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NotBdracberized, Herein the inventor defines a novel ligand-

25 receptor interaction between F3 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, NI1.1
and W1.3. The former contains the EGF repeats 11-12 involved in

30 DST 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

35 Notchl is not localized to the F3—enriched fraction, F3 may not
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F3/ Notch signaling induces proteolytic release of NICD

and upregul ates Notch honol ogs RI P, the generation of

nucl ear signaling proteins derived from non-nuclear

precursors such as Notch and APP, is a new paradi gm

10 of signal transduction that potentlally adds
diversity to the signaling repertoire o

cﬁ%?goﬁ%gfsgu and Yankner, 2002). As wth D§ET’(;13F1°33/°°5329

i nventor has shown that F3 binding triggers Notch

I ntramenbrane proteolysis at the 33 site and nucl ear

transl ocation of the resultant NICD in OLN cells. The
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25 & 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
30 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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i n F3/ Notch-induced MAG upregul ation. On the other
hand, two truncated nutants of DTX1l, which |ack the
Ring-H2 finger notif that is indispensable for the
formati on of functional honodineric DTX1 (Matsuno at
all 2002), prevent both F3-pronoted OPC 10
differentiation and MAG upregul ation. Thus
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25neeﬁi§9e419N$¥E§u£f§n§fl EGéahtrlbutes 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 OPBC Notch by astrocyté—
expressed Jaggedl {John et al, 2002). However, Jaggedl expression

30 sharply decreases from around P§ (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

35 ablated in OPCs (Genoud et al, 2002), are characterized by
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5 differentiation and survival of OLS. It was observed
here that F3 pronotes OPC differentiation, which can
be bl ocked by both dom nant-negative Notch and DTX1
del etion nmutants, and oligodendroglial processes
emanating from CLN cells term nate and spread over
the surface of F3-transfected CHO cells, an event 10

r e02045288 t he upregul ati on of nyel i n- speci¥XEB2003/005329
proteins, such as MAG and CNPase. Upon Notch
interaction with either immbilized or soluble F3,
MAG a specific marker of mature QOLs, is

significantly upregul ated at both the protein and nRNA
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unckear .isfpart from the segnental nature of nyelin
ensheat hnent, a redistribution of axonal 35 nol ecul es
occurs to create di stinct axonal domains in the mature
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prove to be an efficient molecular handle for promoting
25 remyelination in degenerative diseases, such as M3, by creating
an environment in which Notch predominantly interacts with
endogenous or exogenous F3 to initiate the F3/Notch/DTX1
signaling pathway.

30 HMB-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

35 molecules occurs to create distinct axonal domains in the mature
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5 association with the neurexin superfam |y nol ecul e,
Caspr,. and oligodendroglial neurofascin-155 (NF-155)
(Rios et al, 2000; Tait et al, 2000). Studies of
F3-null mce highlight F3 as a key player in the
synthesis of the axoglial apparatus in the peripheral
nervous system (PNS). Prior to their death i{lo
ﬂ&%oﬁ“é‘{s%ﬁs day 18, the nutant m ce have an B LB003/005329
“phenotype with hindlinb weakness, attributed to

def ecti ve connections involving cerebellar

i nterneurons and to reduced nerve conduction velocity
and excitability (Berglund at al, 1999; Boyle et al,
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25 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 PS to adultheod, certainly

suggesting the likehood of it being similarly localized in the
30 PNS.

NB~3 clustering at the CNS parancde Promotas maturation of

oligodendrocyte precursor cells via Notoh/Deltexl signalling
pathway
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5 signal ling pathway, which pronotes OPC
differentiation and OL nmaturation to coordinate

nmyel i nati on. NB-3/Notch signalling via Deltexl directs
diferentition of enbryonic neural stemcells into

ol i godendrocytes 10 Multiple sclerosis (M5) is a
~chronic denyelinating disease in the OCNS. Neural stem
CEPROPFMEpl ant ation is a prom sing treat neGI/CBREY$005329
such di seases (Pluchino et al, 2003). It will be of
significance to establish a reliable nethod for
selectively predifferentiating appropriate donor stem
cells to OPCs or COLs. 15 In the present study,
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_ neé?wﬁ1ure OLs” and subsequent apoptosis appear in mutant mice in
which Notchl signalling is selectively inhibited in OPCs {Genoud
et al, 2002). These observations implicate that, in addition to

253 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 cobservations in
NSCs incriminate that NB-3/Notch signalling via Deltexl may

30 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

35 Invention
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(Chem con), GFAP (DAKO and V5 epitope (Invitrogen)
anti bodi es; polyclonal V1744-cl eaved NI CD (Cell
Signaling), N2ICD, Jaggedi, Jagged2, Delta (Santa
Cruz Biotechnol ogy), y-tubulin (Sigma), Ng2, sodium
channel s (NaCh), NF200 (Chemnicon), Hest (Kaneta et 10
al, 2000 NI CD (Logeat et al, 1998), Notchl, Notch2,
KR 204405298% | gifts frombDr. Lendahl) and PST/GB2003/005329
(Shi mazaki et al, 1998). Polyclonal Caspr antibody
was obt ai ned by imruni zation of rabbits wth a GST
fusion protein of am no acids 277-430 of human Caspr
15 and pol ycl onal MAG anti body (7610) by i nmuni zati on
of rabbits wth the follow ng peptide:
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soP BP9 ExPra Atie xabph | Rael a0 SDS RAEGE mkd t he

20reconbi nant protein 5 eI ut ed eI ect rophoretically from

t N t@elp- 3T, r was I mmuni ze rabbits for
ant i serBurgﬁ gal%élpl Q{défon ° 8 for l?ﬁf‘%%lw&ﬁ‘élgenafﬁ‘ieﬁo?ﬁaé%ﬂ

('_éec[on%nai*ggjgfteln 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

25  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:

St —TCCGGATCCCATGGAGCCACAGGATGTCATTTT—3 ' {(forward)
30 5 —TCCGGATCCGTCGACTGGCACATATTCCCCCATGA—3' {reverse},

The PCR was carried out for 30 cycles at 24 °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 BamEI and inserted
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Cell co-culture 10 F3 transfected CHO cells (Gennari ni
et al, 1991), TAX, TAG 1l and nock transfected CHO
cells (Furley et al, 1990; Tsiotra et al, 1993) were
co-cultured with the oligodendrocyte cell Iine OLN 93
(Richter-Landsberg and Heinrich, 1996) in a 2:1 ratio
in _ Dul becco's nodi ed Eagle's medl um (DMEM G bco),
199280 cal f 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 linker kit (Signm)

The, ceI |s were also stained with primary nonocl onal
ant i BOdP TG WL i aRter Gtay IBRotastmohogy Fhampdotein
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Tr ansf éd”terr ) ncoaﬁﬁllteﬁ%if dttre by aligydenfroNB:<3 <t Ylansfee otreds

CHO®é ehfez-L3HEber] bsd wereit,ansfeecied it RadiQ pg of

oG a0l BoTEill LG ERLER) 130 SEL 10

he f 5 instructions
lsI’sel ect | g(r?a%f# a&fgm(cﬁjr]f"é‘ SUESRENF DD 04152 38T 2 days at

PCT(B2003//005520ed Fentinbimgi @e)s [Mee) pretynaivédgi ekhe
cl cwese werefiexpanded cand 1:anal M%e@slka{xa )V\é%@rcre‘.lpé QL.and

|nTEU_Q@rH ak Cali ALY 1 gr Ace
¥ Mﬁ%haggei%%?on 0 ?‘}21 ’%‘_’Wec?ef‘?sc R dSanta

tr anS| en lP Pec MO ey Z\EPﬂhlEant LU segpndary
V) avslbqﬁemww L aloZd€ Hemmirier Ggeminbed 0y RBR= J+8ped

DT ¥totasees DEXtne Bi- dd&\turQIXbLQ?gaFL@yg s

St ably DL, gn%ﬂ@;cgeﬁ ngjeggtlgdea%% f]“%%u‘bhg NGRS

(1 nV| tro three cover slips
ere co nted per experlment Raw data from at least three

_ independent experiments were analyzed by analysis of wvariance and
25 then Newman~Keuls test with p<0.05 and p<0.01 being considerad

significant or highly significant, respectively.

NB-3- or mock-transfected CHO cells were cultured with OLW in a
231 ratio for 2 days. The membrane portions of the co-cultures

30 were extracted as described {Xiao et al, 1996).

Transfection and Characterization of NB-3-transfected CHO cells
CHO cells were transfected with 19 ng of pcDNA3-NB-~3 using
lipofectin (GIBCO BRL) according to the manufacturer’s

35 instructions, Following drug selection with G418 (Life
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_ 1Ph 04@51‘@ Qrans(f\l@@elﬁ Qithakdllz%%%lh J%g%e%? t \Nénra S ured, t

10 stably transfected wth full-1ength Jaggedl (Small
et all 2001) using Lipofectam ne. The stable
transfectants were screened with 400 gg/mM G418
(Sigma) or 250 gg/m Zeocin (Invitrogen) and
identified by i munostaining and Western blot. 15
I%unocgt ochem stry Cells were cultured on 13mm
cBvépf 2 (Nal ge Nunc International). AftREA/GRAPBITES
treatnments, including y-secretase inhibitor (Sigm),
cells were fixed with 4% paraf or mal dehyde and bl ocked
wth 1% BSA. Cells were then incubated with primary 20
antlr gﬁl es in 0.2%BSA for 1 hour, followed by
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the same optical parameters to ensure the comparable luminosity.

25 At least ten different viewing fields from three independent

30

experiments were used to calculate the percentage of cells
showing NICD translocation or differentiation. Two hundred cells
from at least three indepeéndent 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 £ test with p<0.05 and p<0.01

being considered a significant or highly significant dlfference,
respectively,
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Briefly, 35mmtissue culture petri dishes (Becton

Di cki nson) were coated with nmethanol solubilized
nitrocel l ul ose (Lagenaur and Lemon, 1987) and
air-dried under a sterile hood. Proteins (2.5 15 }il

of 12NM F3-Fc, CHL1-Fc, or different subcl oned Not chl
extracel | ul ar fragmsnts) were then applied to these
WQHEYOSZ/Y i ncubated for 2 hours at 37C i RCHGB2003/005329
‘hum di fi ed at nosphere. Subsequently, the dishes were
washed three tinmes with cal cium and magnesi umfree
Hank' s bal anced salt sol ution (CVF-HBSS) and 20

bl ocked overnight with 2% heat-inactivated fatty
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] / hour esi on
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genti ﬂﬁs‘??é’ﬁ“t’ﬁ?%emﬂ%r\?§5\meﬂhm€lw HBSS and the cells
were fixed with 2.5% glutal dehyde in CW-- HBSS.

1OB| @akﬁg;ehgg‘loadeh.@sg l;%_,{;)mv\@ss__)agar ri edI oult us: ng anti-F3
pol ycl ona

|n| 1991 1:10
ant | ?’j\llo Jl\ﬁ%t &g rét’l"éﬂSlY fouibad JBERo ghcklantas) .
r\mBEhezflefM 3t5§“i“aFd|SSu°aFubﬁure ¥995: di1siRB0)Eeantn Madi®Son) were
Celchstegiditami wgrhatbar tsh.ﬁab\{ﬂ{zleal&ﬁt§mtl§ul\@§£ e(ﬂag oLQgr aphed
t

an@eﬁmﬁnt@@ T, &S re a d by udent's t
test wi tiggf% a'I(?)lg i\% s g '6’\%‘3 béi ngerﬁi/?% 9% 2604595289

1SpCH b8 BoFRao Rl v e rffespuniflicdantd optdtiighl y
Si grtfacetivtiadifrh@i-@BEr wers LRSPEELIIKE! b MBSL @:[srl]legl Q4
Anaha@aeecb £6P-C r de B3
tr@gbse ct %q CI—QH{):JeﬂéI gév?nq ), dmglfle?atmﬁ%‘? sre.
rvested §<Egn %@”5%?6%?0‘??1???1 PRS wishtalmiung
thé%ﬁf@ﬁ@égemwfﬁm Biatls bocktal kattabbeitiod(tRI-1BSS) and
20cehtedkbugivagn@ht 5QQn 0R0geft0fnakt hQWEL %téf’acw 16, DEIH:gt S

wer g riNEke. dZgd 10 2°/eTr|ton -
Sut(Jsegmg‘p e ﬁgésu%l]l E rlgn i i‘%ﬁkb’f’petdhén d8F s,

tl
aboth" E%ﬁﬁ 2"/Sptl)otﬁ‘a d’pfé‘ﬁs CeFe ‘?IhF%eflnSwasge&nahwede by
SDSE%PAGELV(eS%lgeI ssuch asnoiN-23,1 9 et cMe Hr@fi $Fected Hela

cells {Logeat et. al., 1998), F3-transfected CHO cells, and NB-3-—

25  transfected CHO cells, were bPlated in 2 ml of chemically defined
medium at a density of 1.5 x 10°ells/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

30 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 ¢ test with p<0.05 and p<0.01 being
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blotting (Towbin at al, 1979) with anti bodi es agai nst
Not chl, Notch2, Notch3, nyelin-associ ated

gl ycoprotein, MAG (Yang et al, 1999) and proteolipid
protein (PLP) (Jung et al, 1996) 15 Western bl ot

anal ysi s of devel opnental expression patterns The
brain stem was di ssected fromenbryos at E17 or
NEHHAYESSAt  between PD and P21 of W star PQFSB20§ypas3?
speci mens were honogenized in 9 volunes of reducing
sanpl e buffer and boiled for 5 mn. Each 20 10-pl"

al i quot of the honobgenates was subjected to Western

bl ot . .dDet ction was carried out with ECL Wstern

Bl o?%“therégs?éﬁ’rflEﬁFeFE Hash1Bi svai tivees)differshon
Pr-otsePerd-i26LyPr oduct i on of reconbi nant F3- Fc.

Jaggedl - Fc and CHL1-Fc fusion proteins. Reconbi nant
c ogj se F3 with the GPI-anchor

E%tsig%t g%%n%%ﬁbsnan | gG Fc was inserted at the Hind
EI'SI | ORBEL TS PESTof THDXIART T Fend moghpirkfis featéd THEr@NDE vigh
$e§ﬂm3;!iecémsi’efizzvfkﬁmﬁh @:\ts'gall?y l&%@agﬁo&din R

I NtdoaeiGesl, it - c, fusion pr.ot ei ns
wer e pur g? ed ;b;r gessgrji %gdltighﬁoﬁ%tzagiatiabé??‘ 1699 .

Pr oducti ofr8f 2t ROMSPhaRE B pf L°Fushopeptdisersre A
solfypthesf ripilized gih NBT8itreconbi nanbs<pnattiyn, cobB- 3-

10H semWase pFoadigeds ivhe H@ﬁ?—@,e’ agcﬁiltl ﬁpgT%tgﬁgipgg c%&l rﬂ%e,
0

isfesulting vector was transfecte

20pr 6P Binaliamot eifuthedhdmogenathe whh -Nbfedtesi 1o usitrgn Fofmm

NB+3 s GINA, £RCHHI nal sequence _35 e
GP -lanc_horﬁ\%aggssg%s?%{;fdtﬁégm%’t AEBRH 97 1 PGS a
126N 3904 PE59389 BCEAER2 061 60632giest ayminantiodehl,
codieheh2THEots 3 mgONA-{ Ut AvBM gD t-8€k 1WA SmcN SemL ek a1,
I nuesPRERY phetaveer aHb R el | d 1, sit and t he

" FRLTbMle L e (%%ig‘r_lltto%ll-lEE%B@ ‘cel | s.
Wen the cells expressing NB-3-H s reached confluence
t h&§=RER P10 et s 7 Fosdrermrtrieexpedisim botteanveek.
ThE&he e ur eteedihsimivasted| dref bRbkyos CONGENLEal£d a0, «
di abyvzed @gahdshi 2 A, 300 MM Nadl . pH 8. 0.
N sNTA resin (Q a enggl\kg%%gsdeahet o the di APEe APRegAtFed
i ncubat ed " Tor af T 4%t I /i WLINBanrd beétrthifpmdt min. Each

Na b2RE4 503085 rivk Nadl out250n 3. Ak bl dazali6y £r.edyction
of (AMt-chlm EsAiUsIQN proteins. Production of "Notchl

Fusion Proteins

25  Production of recombinant F3-Fc, Jaggedl-~F¢ and CHL1-Fc fusion

proteins. Recombinant ¢DNA 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 Itk-/- cells. Fc fusion

30 proteins were purified as described (Shimizu et al, 1999).

35

Production of recombinant NB-3-His fusien pbrotein., A soluble form
of NB-3 recombinant protein, NB-3- His, was produced in HEK293
cells.__The_region of rat NB-3 c¢DNA encoding the signal sequénce

of the GPI-anchor was substituted with 6x His followed by a
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GST fusion proteins has been described (Hu at al,
2003). Reconbi nant proteins conprising different
regions of the 15 extracellul ar domain of nouse Not chl
(MM were produced as follows. Priners with added
Hind I'll and BspEl sites (underlined below were used
to anplify regions of Ml cONA (gift fromDr. Jeffreg
YR 00495248 | yrrer ase chai n reactions. 20 NL. PCRERAMHs3z
15" - GGTGGAATTCTAATGCCACGECTCCTG 3" reverse
:5' - TTGAAGTTCCTCATCCGTGITGATTT-3"  NL1.2 forward
:5' - TGTGGAATTCTATGTGATCTGGGTGCC- 3" rever se
: 5' - CGTCAAGTTCGTCATCGATGICACTCT-3"  N1. 3 forward
. 5 LT AT TORAT GFBE FACCADIICEE: 8 ma gyl piegh gas inserted
: g' 1ﬁBW{H@%TﬁG&Tm%@E¥Bi sills, 4afORMBILsulting
: ' - rever

o AT OO ACEEAC 3 i o g
anpf PR MRel R SR Ls Tearhet é@tlﬂdﬂégcergh%wre FUagpy 1030
¥ r agrmnt Cercodiing fani noedci Use 2vht0;meBG mepemisected,

1- 13c)ncemg—ra%ed (a!ﬂleiQ1%@§ﬂeqe§;al§2t458§1@§!iafé6@4 0 Lk FYFENLy

enc n a eafs 11-24
1B o R R 88 Jhustifons ek i prwanie hd

encb‘ﬂﬁ“ﬁ@teé‘nf-% aéo’teést §99uin3 36tB-EQRcpmaats PR3 ) wasand

N1. 4rutrdcirent ihdes: -3¥F5 kebB4 451 nk4 96 raprdusmgment @negsi, ngso
18MmM Q9 135486k ds 1251-1749; EGF repeats 32-36, LNR

repeats). Reconbinant GST 127 WO 2004/ 052389

PCT/ GB20031005329 fusion proteins were produced using

p GEX-9Ker et of NatrehIpedd fisdds mgtelescridodebtidh ad ettchl |

19969, eldienPGRIvAS Bﬁi%@émgs&&bm agmed Q\lAzbdh)t he

pre he es. Were: five
3y et SRS I8 S1EL 8 Y1,
e"ﬁrﬁ‘ée]slab%"e&w ForRYe %%t%r@mbafﬁr? @godEdats 93
C forligwsr nPriZ@=Cwiith a80si Hivel 72T Gnfl (rspll Hinkes (amdbrained
]1: i Nad1oeX 1RSI ad alo z&tl@f; QbgRondi &k {rﬂf'%%ﬁza fx@pﬂ fftkasi Dr.
ra e_respec O create vectors
pNI 9{&@%{“ \/\g)r TP q'Nlne e Ch in lﬁlea% *BY°restriction at at
their extended Hi nd| [ and BspEI sites and |igation
2@ nt®L.gi Werwerrkdy di YestadApGEXAMGoveTtorecTeI3-anst or med
E. coli »dPd;5Q9 cells ver@chidbesdaptdict-hEand the

expressed GST-N .1, - 2. NI and -N1.4 fusion
pr % %orwar_d }' —TG'I‘%]GMTTCTATGTGATCTGGGTGCC—3'
prot el ns wer e
reverse : 57 ~CGTCAAGTTCGTCATCGATGTCACTCT—3"
N1.3 forward 153/ ~CTTGGRAATTCTATGTGCTACCAGCCCC-3
25 reverse : 57 ~TTGAAGCTTGCCATTGATGACTGACT -3
Nl.4 forward 157 -ACTGGARATTCTATGCCATCCCCCCCT T3
reverse 15 -ARGGAAGCTTCTGCGAGGGCAGCGGAG-3

The regions amplified were N1.1 (nucleotides 79-1557; 1478 bp

30 Eragment encoding amino acids 27-519; EGF repeats 1-13), N1.2
{nuclectides 1324-2808; 1484 bp fragment encoding amino acids
442~-936; EGF repeats 11-24), N1.3 (nucleotides 2575-4008; 1433 bp
fragment encoding amino aéids 859-1336; EGF repeats 22-34), and
N1.4 {nucleotides 3751-5247; 1496 bp fragment encoding amino

35 acids 1251-1749; EGF repeats 32~36, LNR repeats). Recombinant GST
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purified using glutathi one-agarose beads. 15
Producti on of reconbi nant NB-3-Fc proteins. The signal
sequence of the GPl-anchor was substituted with human
IgG Fc followed by a termnation codon. ThecDNA t hus
mani pul ated was inserted into pREP4 between Hind |11
and BanmH sites, and transfected into 293T 20 cells.
NP2 30F052388s purified fromthe conditioned REFGHMOHYFAY
Protein A-Agarose beads (Roche). | munohi stochem stry
Fol | owi ng deep anaesthesia, adult Wstar rats were
transcardially 25 perfused with Ringer's saline
fol | owed by 4% par af or mal dehyde in 0, 1M phosphat e

buf &P FBR RS 7R, PBrEres B%%@ﬁ1@ﬁ§§n¥ﬁwﬂ§ChN@r¥pd purified
har vestedridndtl (Host etiacedidwar. 2 hours before being
transferred into 0.1M PB containing 15% sucrose

overni . _The e was frozen in O C T. conpound
(T e, 30 sp ] " abe SR el SRR o PStrepORY W €

ol M&lt edhorrygbtsatire: coatsedt igki deses BOre3’c for 1 min, 45°
i MEaosbai B2 cheo:shimes M«!%rﬁxb%d;@e‘%aio {clgsf@&e%
i ncams@ ouk rgzegase fo £oLd age LoRe §o

m nutes for r meabi |za I‘on. Iocka
non¥pactifrt eﬁf FHILAY adi T2sCvias S edrr ﬁé@ﬁ%%ﬁpla@rqq‘g 10%
goafrayeenhn soleutespactive Dy LMPBof dfeaBd vi2G - ¥\Qr1.1, pui.z,
1@001411&10523&818 IR@T& @Z%ég%gg%t ﬂ QHLJ@S e;@genﬁgcprl-r{]lndlll and

tenper ature. Be W an steps i nvoI Vi n%l ant 1 bodi es
prepar at 1 ons vveregvvas ohi S i e di9ea e PREXHE @gctor-
eactraRFEEFed o copi %ﬁox CPODs AT 10WIcRBSILtA| IPTE, and the
ant ¢rodses vmr-el di | wtied, i-m103, 1M PBy1. SeedioQNScveire were
doupl.e ¢l abel . oilkssG,saGLEANS, L Lypically 5 first

14 ncubat ed overnight wth e po cl onal primary

anti body, followed by a secondary goat anti-rabbit

ant F{%’aytwsaft renvebiveme NE-Refr pxpesed Tl tshenal sequence

NONEC lcaaae T A Va8 RubHOdYcaNd: dnabel8dr kD £o@fbwed by a

ant terﬁ@ﬁlastgo§%89&gahy %BLE legsym nFlo(.l aeg(%rqransag.ns ted into
coverslggg were a es Vi emeé a

Zei SEFf dEEVeT G EgI TGd @Gﬁ‘flbéa‘Fesm %5%}5@3“3‘1 Yinto 2037
2@o- $9Hran dBr EEe pidsab L Glii ech d r @S ThPubhd Dowm:dAaSHEYym Reting

br ap b taBITAr B3 SABPA LS (NehE) prepared as descri bed

(Xiao et al, 1996) and incubated overnight at 4C with

antlbod coupled
Immundhistochemistry

for 1 min;

Following deep anaesthesia, adult Wistar rats were transcardially
25 perfused with Ringexr’s saline followed by 4% paraformaldehyde in
0,1M phosphate buffer (PB; pE 7.4). Brain stem segments were
harvested and post-fixed for 2 hours before beilng transferred
into 0.1M PB containing 15% sucrose overnight. The tissue was
frozen in 0.C.T. compound {Tissue-Tek) and sagittal cryosections
30 {10pm) were collected on gelatin—coated slides, For
immunostaining, the slides were dried at 37 °C for 30 min, then
immersed in cold acetone {(-20 °C) for 15 minufes 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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15 Protein A agarose beads (Roche) or

gl ut at hi one- agar ose beads (Sigma) bound to GST-N .|,
N1.2, N1.3 or Nl.4. Captured proteins were eluted
from beads with SDS- PAGE sanple buffer, subjected to
Western bl ot and detection using ECL reagent
(Amersham . 20 NSCs and Rat brain nenbrane portions
WY W04 BfPar ed as described (Xiao et al, 1PDOBEBAMPISI
i ncubat ed overnight at 4C with NB-3-Fc and

ant i body-coupl ed Protein A-Agarose beads. Captured
proteins were eluted from beads w th SDS- PAGE sanple
buffer, subjected to Wstern blot and detection using
ECL™PubRfent 209 Gepprisbpres chetiveat isbepsofn@ASprg aOhibokicar
NDUsepbragions yeat ea41&eothrg; tiRELPEF @dmﬁﬁltgsse%h hadh o.33

(Zeﬂgtﬁi xa 9 cu
Lok xolon Fo g 385 AR s HYEH shdatnge-

Pr o%e&tﬁ’nﬂ#@”ge‘bcﬁ‘ﬁ s’éb%]ﬁdg n%t)ssue ?’P@Wﬁ?ﬂ&’ﬁepr’ce'e#%ltlat es
Yer €80 inagheed ovesolseydviby tBESoPAGENAN G rpkakRethiabbdy,
antﬂo-lmarbysﬁré—émonda!: fgda@%‘ibia%lé ggrlb%r;:lg I ec {]o%sawneq:e
RS SELANEL GndSeR Aol i

Co- | MTUNoprect pit at T 8RC BF hiP Wéﬁbﬁl‘éh‘%%dy\/\é?% lppesdredgh
as ™YWy 26 0w 08EE8 R POTEB2B0 3¢:005823 on deseei hepk
pr eereusbyis(l SGIMERE saldes19Qhra MANDIARNES 1WBEEL scanning

150l dhkddazegd i 2% Triton X-100 and the sol uble
fraction was incubated overnight at 4 C with Notch

anti bodies (anti-Notchl and anti-Notch2) . Protein A
Sefratysectreatis te 5| apf Gof Pull-Howuspednsi on) were then
ﬁgd»eg Hﬁdnf/ lﬁﬁnb:rﬁﬁélbéﬁnbm GRnd Iﬁusadreﬁoaz ?%es{xggﬁ&eru@?oh ot
1550%\1/' ?%9369 g gﬁhsg%,d SoHa nl P ng dclf%l'FPl FBHPREY FEupLed
and “BF %Pe&s@gaF?ﬁﬁ b6 s. (R‘P%ﬁtneﬁr gtitithbrredagrrotei heds
wer@igdayt eainfir pmashenl. beads 2z wintths SRSyPAGEcspiiRke proteins
bufikees Angksepas a;es@ls QRer - s%%/ﬂﬂA@E: a&;@i@fﬂu@%é&?m?ﬁ@ﬁed

elwgst‘fglcg |tns rans erred to nitrocellul ose an
orobed with ant Y\g elsonaﬁséﬁ“ﬁs CLE5eagRYE NBmgrsham) -
Chemi | um nescent det ecti on of i nmmunoreacti ve bands was

20ac d6nplaing Ired wiath deGhraneagenions el @ﬁalpﬁf:@c@ als described
ex Rgidﬁeﬂtalm9spzﬂnﬁl ﬁ‘g:ugégeduﬁeg%g%@t & Iékg %h d3 -Fc

ant hd NO (%ngo acotul E CFl}?es t 0 probe I Nmunop reC| pl tates
obt'al ne Bht ﬁ%’ﬁeéﬁd* AfghesfBegds - Captured proteins

were eluted from beads with SDS-PAGE sample buffer, subjected to
Western blot and detection using ECL reagent.

25
Immunoprecipitation of Caspr. Chick or mouse brain lysate (800
1), 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 immunoprecipitates <were

30 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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GST Pull Down Assay. Purified GST fusion proteins
(mMNotch 1.1, 1.2, 1.3 and 1.4) were coupled to

Sephar ose 4B beads (Anmersham Pharnmacia Bi otech |nc)
according to the manufacturer's 20 instructions. Fresh
cerebral hem spheres of adult rats were harvested and
were solubilized in 2% Triton X-100. The honobgenate
was2004205838% f uged at 13, 000g for 60 m nutes. rfiveBmbe@sRY
| ysate was then incubated for 45 mn at room
tenperature with GST fusion protein bound to the
beads. The beads were washed 3 tinmes with 25 lysis
buffer and proteins were eluted with SDS-PAGE ge
sanpiseribeuffreriovsegoiréasl «@n:i7. 55 PDSRANGE.s tyeansf erred

to wmmg%é lih%e e ﬁg@gyaésqth%yso gt erfnf)cg:@ot t).ng

usi Il Iltl - and anti ture of
Pri¥ éEsw&ﬁal%ﬁc%t thé Yithermtsk a@ﬁwwea (anig}-Patehl
celalndsaaﬂarmucnm) 1 eedwelif)Ue séghaWieCheadtl L gOHENGr DOy eS
Ar &u3pRaLal ed. by £§£ %?%(ﬁ inlicf‘%e”t GERLLL | U%tat ! 0(!; §§

preyi oL ousl y descri b 0 an g rBlco
Brieff{"" >IN R B‘éeffﬁ?ﬁ‘tp"l‘taf‘l Ry el ’P%”‘dsc‘ﬂﬂrteu‘faéhﬁ S’h‘e“s

(FA%BBriaediCé, colaled caB8RiMDy2004/D5238%-100 and protease
T 2oL Al SR S e By ke e TR, S
Lcer éa%r a?llﬁ@ Sﬁsﬁ%%rﬁes’sam £ ba%/%? s ETPEY R .7 RBni nges
anc?%’(%%‘&l*%é%eﬁ“@%@ﬁé (?&P@fla‘f- |wpre daseefeaned/ tusi ng

M Gr-odices eiok 8 (roklopeeps wikie mheiaer &s awn@ttﬂsaal&f fsrLd
to dh@:@i’l@ﬂlr@s@erﬂEngc@jB%ok l}. &%Egétlge 1,30 waf i nely

mncem ?éﬁ zfaﬁﬁf e tlssue Wwas

transterred to a 5 ‘“’-‘?:%‘ﬁFcé"Pe tGHEPIRAY. XBPHFPUgRY

f orC"-‘S“rﬁdn‘EHte§$J&tg 200X ¥otahl end whitetNdthie2 Supgroda¢ant probe
15vasindirspasdedeand shtei el Lsipgl det -FesusRepfed -2 n

| Ogg/ M DNAase | in HEPES/ HESS before subjecting it
to G%%”E r|f at| on again. A 10 single cell suspension
was  pré R SFEr CRAYIEREST i WEler PRPBUGR (HoTd Il

nyllef r%eérﬁnlﬂal donveml toupl editnetephaisk i € bt 0isa (et Sigk
or adikentia andeddnenal;i g&@e@ﬁ@ogyttﬁe %Hﬁﬁdc@hﬂe& fraction

rqug,gru ft entrif g suspensi on

2 E?Jécig ﬁ{?sgﬁ@ﬁﬁg/a E%ﬁ% T |°§oftflélf]iarr85 t'€8% wer e
E’&F‘é%ad By disFF et bt idped 5o a?dh’é‘éllten X-100. The homogenate
A ivgeodentiridoytestolft, abfedor |0 trthinGtd¥ANTIRY cWHT@d lysate was

S uspendaeubait8s GhenLal,l ¥t dl%t)fa r{%ﬂp%Me Er:.lcgh %ggifﬁglon

protein bound to the beads. The beads were washed 3 times with

25 lysis buffer and proteins were eluted with SDS—PAGE gel sample
buffer, resolwved on 7.5% SDS-PAGE, transferred to nitrocellulose

and analyzed by Western blotting using anti-F3 and anti-NB-3
antibodies.

30 cCulture 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~Bigbeé, 1928). Briefly,

an hour before plating cells, culture dishes {Falcon) were coated
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Culture of primary neurons, s, and astrocytes.
Neurons, OLs, and astrocytes of E17 Wstar rats were
i solated and cultured as 20 described (Itoh, 2002).
OLs of P5-7 Wstar rat cerebella were obtained by
Per coll gradient centrifugation (Colello and Sat o-
bee 1998) and OPCs were purified fromP5-7 Wstar
28005288 nerve (Bogler, 1997). 25 Cul t ur PCAIGHAEERI5329

MJI'I ne striatal neural stem cells were isolated from
14-d-ol d BALE/ ¢ nouse enbryos (I FFA Credo, L' Arbresle,
France) and cultured in DVEM F12 with N2 suppl ement

and EGF ZOngﬁé ) (Invitogen) (Arsenijevic et al,
2001 P8y habesene dibpserent idat iloh, ratherespharesriver ey

nec Harird adt ipn dirgis orediat M‘ebﬁtlohe%@s;ﬁieﬂ&l Qa}gﬁlg( $4380&:tea

t d e I O
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16d A@lglg Total R
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Bi 08y&t e‘i‘rélylorfr@e#eﬁsmoe ¢die stremelr, ofppDRNAL@XPPESSION,
we Wdﬁ@ﬁmﬁhcf end vﬁh%e%@}&&@&dt‘é@nl S:F%rag§iol’llxgrgcovered

Taq S NoTo N L PRLSM 7700 Sequence Detection
Sysi?s g;;;iﬁg?ﬁtegg ér%& prl(!%b p?/%’rl%n d’é§|ddﬁ'é6‘3du‘§’rtll?g

Pri frer ildggﬁﬂdﬁewéemsre) seRprjafed bandi fircheial
13eqtbnets - apd.gagertiobdyons . obtwehlﬂ’ﬂ A8S0edrAt 8drere suspended

G yoophatieh .y M¥She& oh@s &1 PrioB),
5' - ATCCTGGECCACGGTCATC- 3 Rever se Proner

5' - CACACCAGTACTCCCCATCGT- 3" 15 Tagman Probe
5' - CAEICEAACT O ETERASTGACS: 32nd R biogptdpi euRbnt, e01s,

( PLPY Foearicts Rsf mET WSStMdeTQI&red as
2ReviessseiRal REL D' ZUMTGI%E§A%TTTQ cere%ella ere

Prao CDCAAA
c?l’n%a?ned 4 PercolI gradient centrifugation {Colello and Sato-

Bigbee, 1998) and OPCs were purified from P5-7 Wistar rat optic
nerve {Boglex, 1997).

25  Culture of NSCs. Murine striatal neural stem cells were isolated
from l4-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

30 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 Rnalysis
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| ndependent anplifications of each target and the
GAPDH RNA were perforned according to the
manufacturer's instructions. Relative expression

| evel s of each transcript were determ ned by enpl oying
25 the conparative CT nethod as outlined in the ABI
User's manual. Total RNA from OLs or COLN cells was

8w newsssse usi ng the Q AGEN RNeasy kit andptt/estoeshossze
with RNase-free DNasel (Invitrogen) to elimnate
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(| myidatr@ganyoddNatedytho L OGSatddesip patelmghbrs BF Hi-tc,

(Aﬂsglﬂ—ﬁgs %‘nﬁsé(s%t QH’EQ sgrlx\qu;} fﬁélgl]ogc’zd Qh@%%lﬁ%gpedlo}{\qsgay

used as Internal contro was per or ned

usPRY7CPie SYER1iBFLeATER: MRETR A MMt R0t (T2 hdiB1 s,
Hesk}ragted aqivbuiit@ X o\Wh<2 004052389 sPOTHHEBX008¢ GOS8 S

5SY S AdB( M@Lsml@n ABL1 éﬁk SM d 799 é@%@@&% P@én%{aﬁb%g

stem primers an probes were e3|g
usPﬁtj“gPF’i“?TéFF‘qP@PpF‘%s@t g5pid r%‘oﬁﬂﬁl"‘)“s’ana° FEGHETCEY are
avarveabbe mEarespegmEst . vEherfawed dakd-fimeruattiteaste FCR
f owksdgneepengent s?eﬁﬁﬁfdr{'fﬁﬁltﬁx w@{&w U 6§l skQudcdel-REHIRR
t h%rsr"étee:mﬁtlh;i exr[%r;‘,‘seza?xg?p:’]r\?eeevee?e ﬁs:%%c ! ran %;[n!l rt Exb;Xess

10naﬁa§t}“oare L$ABF - RamerAglsfayquu %%@%e&%?ﬁé@lws
descri bed (Kraner et al, 1999). 10 Hesl Luciferase

Re@%éfl%rzxﬁ%ﬁﬁé(teg-&ﬁ%%i&eir; %05/% 1) in 12-well
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r aindeteaddrto pmelti fh eagbnd obreachdependend téx pREDEENRA Svere

We e ths el l:@cording to the manufacturer’s instructions. Relative
expression levels of each transcript were determined by employing

25 the comparative Cy 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 DMasel (Invitrogen) to
eliminate genomic DNA. Sémples were used for reverse

30 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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determine the relative reporter activity. 25 The NSC
experinments was perforned as described (Hu et al,
2003). In brief, NSCs in 24-well dishes were
transiently transfected wth indicated constructs
usi ng Li pofectam ne 2000 (Invitrogen). pCwWI/ (i-Gal
n@ﬁrzeos& n% P- gal act osi dase was cotransfected to
P805%Fe transfection effici ency. Cel | s K@y @B2003/005329
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316: 95 §1fﬁﬁsa%§ otn};l\ﬁssﬁ(’érsak S. Lee, Y. Takeda, U.

Ler‘f’éﬁl’HEll@. uR@@@&f}VEllﬂSnﬁﬂﬁ ﬁ@ﬂa@is,heMweSQhﬁ;@hl’ﬁh: Hd€1
V\ﬂﬂ&ﬁﬂi&&as@&dplzt@r a?gséps e0Q1. we&'@t&gnsie%tﬁy rtggl%qggt[ed

for n i n.an aranoda axon-

. ‘?J X ét%%%%\mﬁ'lngrﬁn uri ngecle‘éry'g *nati ot 298n® qf\ié"d?:ﬁ%gfi“"
Ab C “§6b. BeBhered,2 BY PAYE/Hank lle@:raﬁafféporlgng’lasmld
AX $Pad the o i irtd| va:ﬁouSZGxﬂelsgﬁdeﬁKiI’sﬁﬂoyst @0 devel m@fﬁﬁﬁt:amﬂ
Celol 3 BJrOb ¢ 14 7Rebld3- llﬁs%hJﬁ@é‘t ’D‘I‘M %TX:L ébx{% 51‘)851'32

u, €sCo, Chin _
”%‘” G?b%"‘la kiR Féﬁmﬁmq&g@ﬂbﬂf @FlﬁwﬁJGﬂLwaS
SeIlE%]rudeérﬁ tpteynaBebhiel 200dnitAK Ghe (ihaasfartegmact i ons
20andfffe enclONBeYLsORGRNL 7RI DNhfcs ki Hahefe AXONSna
requsdRs lﬂﬁ'ﬂgeeﬂensteady-slo Luciferase Assay Kit {Promega). The
raw data from at least four independent experiments were used to

determine the relative reporter activity.

25 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 expreséing B-galactosidase was cotransfected to
monitor the transfection efficiency. Cells were subjected to

30 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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CLAIMS:

1. A composition comprising Noge and Caspr, or mimetics thereof, or a substance

capable of promoting interaction between Nogo and Caspr, in combination with a carrier.

2. A composition according to claim 1 wherein the composition comprises a complex

between Nogo and Caspr, or a mimetic of said complex.

3. A composition according to claim 1 or claim 2 comprising Nogo-66.
4. A composition according to any one of claims 1 to 3 comprising Caspri.
5. A composition according to claim 1 wherein the substance capable of promoting

interaction between Nogo and Caspr is 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 is 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.
. A composition according to any one of claims 1 to 8 for use in the treatment of injury

or disease to the CNS.
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12. A compaosition according fo any one of claims 1 to 9 for use in the treatment of SCI, MS,
epilepsy or stroke.

13. Use of Nogo 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 Caspr or a mimetic thereof,

14. Use of Caspr 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 Nogo or a mimetic thereof.

15. Use of a substance capable of promoting interaction between Nogo and Caspr in the
preparation of a medicament for the treatment of injury or disease to the CNS,

16. An in vitro method of stimulating myefination 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 screening for a substance capable of modufating interaction between Nogo and
Caspr, the method comprising contacting Nogo, Caspr and a candidate substance, and determining the

interaction between Nogo and Caspr.

18. A method according to claim 17 further comprising contacting Nogo and Caspr in the absence
of said candidate
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substance under otherwise analogous conditions, and determining the interaction between
Nogo and Caspr.

19. A method according to claim 17 or claim 18 comprising contacting a complex
between Nogo and Caspr with the candidate substance.

20. A method according to any one of claims 17 to 19 wherein one of Nogo and Caspr is

present in or on a cell.

21. A method according to claim 20 wherein said one of Nogo and Caspr is expressed
from a vector introduced into said cell.

22. A method according to any one of claims 17 to 21 wherein one of Nogo and Caspr is
immobilised on a solid support.

23. A method of manufacturing a pharmaceutical formulation comprising, having
-identified a substance capable of modulating interaction between Nogo and Casprby a
method according to any one of claims 17 to 22, the further step of formulating said

substance with a pharmaceutically acceptable carrier.

24. A method according to claim 23 comprising the further step of optimising said
~ substance for administration in vivo.
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