; e3ej eVWAL] <" Xd6eTjei 41 0 JAN 2003 NEUROTROPH C GROMH FACTOR The Eris nt
invention is concerned with a neurotrophic factor and, in particulh J Hi2008,
cloning .. a-~d expression of a novel nenber of the GDNF fam |y of

neur ot r ophi ocwlagei@ss desi gnated herein as "enovin" (EVN). | ntg@egiedoiss; 1C
Neur ot rophic factors are involved in neuronal differentiation, devel opnent
and mai nt enance. These p=otei ns can prevent degeneration and pronpte

survival of different types of neuronal-cells and are thus 15 p i
t herapeutic agents for neurodegenerative di seases. Gial cell-lI :mmﬂ ‘”W’”m
neurotrophic factor (GDNF) was the first nmenber of a grow ng subtam
neurotrophic factors structurally distinct fromthe neurotrophins. "is
a nmenber of the transformng 2u g=owmt h factor (3 (TG--Vii) superfamly of
growt h factors, characteri ze®BYRQIRQRITIQ | GRYEEH FACTORseven hi ghly
conserved cysteine residues within the am no acid sequence (Kingsl ey,
1 994). GDNF was originally purified using an assay based on its ability to
25 mai ntai n the sur Thealprasenturicivieort ieh enbromrderneehtwith nd dbr ai n
dopam nergi c neurons in.vitr Lin et,al,., 1993). O her neuropal cell types
in the centralnfﬁﬁgiﬁﬁpqﬁﬁﬁﬁé?r%ﬁ At Gu RS EME PN L ER eCaPRANG
responsi v@ to the swphessicef feectas nafveGDivfer{diandef sthe 36OrE ﬁ!am,il%?%,

. CDNF

Buj-Bello et al., 1995, /Nbu t al., 1995 nheimet a., 1995

i s produced byPEEFICEHIPEE {)‘Ir?&?ﬂ% &eosfl(ﬂr?ﬁ‘%cfghefi%l%%%v!eﬂnowm 0 JAN
1003 WD 00/ 0405&vN)2 PCT/ EP991 05031 specifically at a RXXR furin
recognition site to produce active (mature) GDNF (Lin et al., 1993).
Exogenous admini stration of GDNF has potent neuroprotective effects in

ani mal nodel s of 5 Radddar@tisndi sease, a common neur odegenerative di sorder
characterised by the loss of up to 70% of dopam nergic cells in the
substant}@ nigra of the brain (Beck et al., 1995, Tomac et al., 1995, Gash
et al., 1996, Choi- r t. ale., 7,--Bl | ang- e ., 1997).
Recent |y, additionahgﬁggﬁg?¥%8ﬁ?§aﬁ§§£%1§{§ %ﬂg?fﬂ T%j#%§£%§éé been

di scover ed. Negitfifeine (INEN)Lamas deurd fdpsee i1y cand gwali i emeniceredTheser om

Chi nese hamst e, .qyany, { CHQ HelJeh Ui AL 2558y Dases-GRoLL S<abi ity

cf different types of neuronal cells and are thus

ot
n

potential therapeutic agents for neurodegenerative
diseases. Glial cell-line derived neurotrophic factor
(GDNF) was the first member of a growing subfamily of
neurotrophic factors structurally distinct from the
neurotrophins. GDNF is a member of the transforming
20C growth factor B (TGF-B) superfamily of growth factors,
characterized by a specific pattern of seven highly
conserved cysteine residues within the amino acid
sequence (Kingsley, 1994). GDNF was originally
purified using an assay based on its ability to
25 maintain the survival and function of embryonic
ventral midbrain dopaminergic neurons in vitro (Lin et
al., 1993). Other neuronal cell types in the central
(CNS) or peripheral nervous systems (PNS) are also
responsive to the survival effects of GDNF (Henderson
3G ez al., 1994, Buj-Bello et al., 1985, Mount et al.,
1995, Oppenheim et al., 1995). GDNF is produced by

czlls in an inactive proform, which is clsaved

LT
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15 to pronote the survival of synpathetic neurons in culture (Kotzbauer et
al.., 1996). The mature NTN protein is 57%similar to mature GDNF] UP.MNSEthl n
(PSP) was di scovered by cloning using degenerate priner PCR with genon c
DNA as a tenwa@b®ododthe nature PSP, |ike 20 mature GDNF, pronpt PST/EP®/05031
survival of ventral m dbrain dopam nergic neurons and of notor neurons in
culture (Mlbrandt et al., 1998). The-sidri1arity of the nature PSP protein
with mature GDNF and NTNis -- 50 0. Artenin (ARTN) was di scovered by DNA
dat abase 25 searching and is a survival factor of sensory and synpathetic
neurons in culture (Baloh et al, 1998b). GDNF, NTN, PSP and ARTN require a
het erodi meric receptor conplex in order to carry out downstream

intracel lular g Ifltdaqq%ﬂtactt Iaomx@NF i Ddse E9g 4 DE1 3R @PNE kam |y

receptor al pha (GF Nonencl ature Committee, 1997) subunlt a

gl ycosyl phosphé&-’iQchei MJ{V@ (g ey IGIN | | Hisn agiehoted HBABYane pr ot ei n

(Ding et al £a t: £04050 -
bCT) BPool 05031 TR MUy ey Hir g o _9%"7)f’.ﬁﬂ§rﬁglq%i)\l<}é§)§§ -1
conpl exsubsequ@ﬂqupmqmttwearﬁff@nuwatregamh@abREJd@lat ofoncogene, a

rerbrane kound Jnasiie Y NASE LR beC Sl nd90acJLlER Pl gl | 990),

resulting’in the sphoryl-ation df rosi ne resi I'n~¢C dsubsequent
activation of dhwmdeeamrarmanmsﬁmm‘m phthsags @porby7et alf., 1996).
Sever al ot her e bi ndi ngrecept ors have been
characteri sed cr)rifL ré:{?: %%% an| co+ a égigg? Oﬁl %Bﬁ et al.,

1997, Buj - Bel | detaial . (Bek99 &t &lva,ntlﬂ&ﬁ, aromadgeﬂ)al GFRa925anda@ERat(Ji ng

7008, Bai o ot i foBle ot iiad ey &y, 1998y TEYELLRE Clhe

di f f er entli0~gr owyrs.alIGFRA-9B7and GFRa-2 are wi del y expressed i nal nost all
ti ssues and expression %bedev Ioprre aI I requl at ed éSanl coI é
1997, Wdenfal k et 41cC 9979 Lot T Rt o E8GTPRST He 88Gel opi ng

or20adul t cent rCE[iNEna‘.fa\itﬁ.Ll%/ S‘béS.iGEIheéwthl&dW@i‘lé& ex@uessedhn (ReMer ahs

devel opi ng and adul nsor and ynpat heti c glia of the peripheral

nervous syst emPW rdef'ﬁf'f lf‘s f‘i@ﬁ‘ {lé%‘i”?% hé?m arhinggggh EéFSﬁet al .,

(133861) A fourlt&vafr?glglfscsﬂomg;qul,s Q‘ﬁaxh gl,aw\/?éi?é@%m@deér@m ]ghscg%%%&"@w
onpson et a is the preferred receptor for

wher eas GRRa- 2 f%ﬁ%ﬁealtl e RPN ?fe i SgrRit %?tlglggBr?PéaHBr et al.

1996, Klein et o&iltur@%@otz@y\@&er&c%w fosos) o thackkenak Kegeptor
conpl ex for PSP i n30conbi nation with cRET (Enokido et al.

1998) .

Cel | sexpr essi nd® I TGPRa-2F arth HRET \ie? duaHotdm ABYE t oF 85BBRA RO (BSPher
GDNF, NTN or PSR \Wrdabwired] by Wfon Qbsﬁﬁga&egeﬂgggﬁé pRegent byr ART
has been 1 ~ JAN 2003 WO 00/ 04050 PCT/ EP99/ 05031 - shown to signal
t hrough cRET udiiig W@%@Nﬁq@%r%f%@‘?%awga%eb‘PﬁElPﬁ@ FéEeptéke( Bal oh
et al., 1998b) ndnoss-driK RIS d Nendess o7 1 PRI sffasheiglam_%@fgén
receptors is p055| biein vitro, as GODNF can 5 bind to GFRa-2 of G-Ra-3 in
the presence ofdQHRET (&HHIT dleiizqn|and 1@@7m0q%pbeé¥oaﬁ in1g98yruzad NTN
can bind to CFRarh widiud @ alfinifgodKl etmeelialiari097he LRcSh
GDNF, NTN, PSPF%gqngiq‘ ART are part 'of & n)le<ur otrophl C gfg 9 l'1 ng gysg;“?ngﬂlfé\her eby
different 10 |iREhdeudtrdimg isubuwd terg GRAEE 1and NN tan i APekact with the
same Tyrosine kinase s u(q\l,wilt\f ( TcllsJ@\?ePQ&SlEgl %Acggtggéggance of these
invitro findings was recentl own I n gene ockout studies (reviewed by
Rosent hal25 ?99%eansiicly @Ireiarnlsy arﬁwvml GDNFtas oAt eeasprywatth GFRa-1 in
Vi vo, whereas t ref he . pr i nventors
have identifi e%&%a&h%ﬁ ex rugtrséesg i%%@%%tnég%a%&? f-l:l gtlad ?L%gl%) )
characteri zed Enovi rGl:(l\EVN)NTN h@SR)uamdh mrﬁ)ereqtlrheaCDNEefranﬁlmysrlEO The
know edge of the rratture protein rbeencextendg i;h% di scovery of
di fferent functiTitdl oﬁacwef’hrfcri‘l%% nRRACEHFY 8%V a ﬂts FeRBr eover, " we
present eXpl’eSSllrm}:adfélaﬂ,ulkaCHm}hamt@xﬁﬁsﬁ/&tiOnG:QaNB amddsntw the ef fects
of EVN or} neurlteo rowh a

GDNF a ily receptor alpha 1 (GFRa-1l; GFRx

Nomenclature Committee, 1997) subunit, a glycosyl-

phosphatidyl~inositol (glycosyl-PtdIns) anchored

membrane protein (Jing et al., 1996, Treanor et al.,



25 protection against taxol-induced neurotoxicity in
staur osporine-differentiated SH SYSY human neurobl astoma cel | cul tiur ¢sN 2003
Summary of the Invention 30 In the present application, there is provided a
nucl ei ¢ aci WwWO®AdPe encodi ng a novel human WO 00/ 04050 - BCTEPRIY/IAR
2003 PCT/ EP99/ 45031 neurotrophic growth factor, "enovin", an expression
vector conprising said nucleic acid nol#&ctule, a host cell transfornmed with
said vector, a neurotrophic growh factor encoded by said nucleic acid
nol ecul e, 5 isolated enovin, conpounds which act as agonists or antagonists
of enovin and pharmaceutical conpositions containing the nucleic acid or
the enovin protein or the agonists or antagonists thereof. 10 Detail ed
Description of,bb6, | 8¥gRL, 0Q @ecggd' Ngsb9) a &résaoﬁepeﬁé@l t&ﬁ“ﬂ geent
i nvention there Is provided a nucleic aC|d nol ecul e encodi ng a
neur ot rophi c gsehsaqeantbdy,bisddespgpadedchtvatasashenowEd, gnQNWm the
am no 201 d sequgpagehl) UsthahBlah0 FhOHEC ¢osPheCRERALRT Buliial ana
equi val ent, derivative or bioprecursor act'o referably,
sai d nucl ei ¢ azgld, nbP86ul Bri:gp DAl ahd,eWQHGWDreepnétenabhw ah@DNA 20
nol ecul e.. Pref | elC Ld.acc o:th ventjon conprises
t he sequé%ce fgéﬁg %gfgpgaggglgrotgﬁggéﬁgtgéggégﬁén%é ?FFEE% ated in Figure
1 and nore preéababﬁyehtomcpbshtionsosldbwnsﬁzeamdsegaa1nDre 25 preferably
the conplete se uence iLlLlustrated in iC aC|d | ecul e
from posi i on Bieneazs pt “pefhEtua (BoBHYGEE phe. seqadice BYSHAL o ur o
enovi n protei noshbsenarhtrsoopr bhes6FRg femibhe pfollagema ¥Anafirdde protein
g§ o QlenRXXR Pr OCes st 89Sk S PhESEEnk RatRE 252]' §5R1QROLT O, Sal g gnovin

10 Sanicola et al., 1997, Klein et al., 1997, Buj-Bello

2t al., 1997, Suvanto et al., 1997). GFRa-2 and GFRa-

(Jing et al., 1997, Masure et al., 1958, Woby et
al., 1998, Naveilham et al., 1998, Baloh et al.,

1998a) have been identified by a number of different

()

[
($]]

groups. GFRa-1 and GFRa-2 are widely expressed in
almost all tissues and expression may be
developmentally regulated (Sanicola et al., 1997,
Widenfalk et al., 1997).
GFRa-3 is not expressed in the developing or
20 adult central nervous system, but is highly expressed
in several developing and adult sensory and
sympathetic ganglia of the peripheral nervous system
(Widenfalk et al., 1998, Naveilhan et al., 1998, Baloh
et al., 1998a). A fourth family member, GFRa-4, was
25 cloned from chicken c¢cDNA (Thompson et al., 1998).
GFRa-1 is the preferred receptor for GDNF, whereas
GFRo-2 preferentially binds NTN (Jing et al., 1996,
Treanor et al., 1996, Klein et al., 1997). Chicken
GFRa-4 forms a functional receptor complex for PSP in
30 combination with cRET (Enokido et al., 1998). Cells
expressing both GFRa-3 and cRET were shown not to
respond to either GDNF, NTN or PSP (Worby et al.,
2998, Baloh et al., 1998a). Recently, ART has been



There is also provided by the invention an anti sense nol ecul e cagqjélJEN ﬁ]
hybri di sing Lo any of 1 0 JAN 2003 WO 00/ 04050 PCT/ EP99J05031 - 03
nucl ei ¢ aci d sequences according to the invention, under high stringency
condi tions, womh4esul d be well known to those skilled in theP&TEPII/05031
Stringency of hybridisation as used herein refers 5 to conditions under

whi ch polynucleic acids are stable. The sstability of hybrids is reflected
in the nelting tenperature (Tn) of the~hybrids. Tm can be approxi mated by
the fornula: 10 81.5C 16.6 (10gl0[ Na+] +0.41 (0G&C)-600/1 wherein 1 is the

| ength of the hybrids in nucleotides. Tm decreases approxi mately by 1-1.5C
with every 1% decrease in sequence honol ogy. 15 Advantageously, the nucleic

acid nol ecul e %%\%ﬁq‘{?di&)g sti%ntarle tih&:éﬁgﬁ,{ S&E%rgyué)ﬁjﬁsgﬁ,\&_% eggrﬁgs t he human

neur ot rophi c gro factor’ accor I mvention, in a host cell or
t he |i ke usi ngpare fappreaprliigtasedeimesisigpraaeptoor  JHh Yoh extpra&ssj on vect or

according to t inventj on i ncl.udes vectors capabl e of expressjng DNA
operatively Iiﬁ%@%ﬁakirQQﬁﬁ%iﬁﬁ%} gﬁﬁﬂgﬁ%éégh% ?F%%Ffﬁ%&h§efa?ta?8ns, t hat
are capabl e of agidf @GRENG PRI At Po sl ONn f v bgpeNt 85 EONRegahat ory

el ements required for expression jnclude prqonoter sequences to bind RNA
pol yner ase andbtllan{]strPri HGIF i tc"iFaﬁof'gan Js"gqt&é‘?\c%%esr?ﬁc?i soRETbi ndi ng. For

exanpl e, a bact(@urlcEerasHi10n Vesr MRypp et UEE. 2 PIIRPt grdSNeER as the
| ac pronoter and 3Q for transcription initiation the Shine-Dal garno

sequence and t F@NstAMC CFRIGHRROG “&ith 110 2 I Rbkar {6t $ " eXpr 84si on vect or
may include a Retoerol oGP Wundla OMIMEOUSNTN oS eradPrakiNA POl yarE age

a neurotrophic signalling system whereby different

10 ligand-binding subunits (GFRa-1 to -4) can interact
with the same Tyrosine kinase subunit (cRET). The
physiological relevance of these in vitro findings was
recently shown in gene knockout studies (reviewed by
Rosenthal, 1999), which clearly show that GDNF

15 interacts with GFRa-1 in vivo, whereas NTN is the
preferred ligand for GFRa-2.

The present inventors have identified, cloned,
expressed, chromosomally localized and characterized
Enovin (EVN), the fourth member of the GDNF family.

20 The knowledgs of the mature EVN protein has been
extended with the discovery of different functional
and non-functional mRNA splice variants. Moreover, we
present expression data, binding data of EVN to GFRa-3
and in vitro effects of EVN on neurite outgrowth and

25 protection against taxol-induced neurotoxicity in
staurosporine-differentiated SH-SY5Y human

neuroblastomz cell cultures.

Summary of the Invention
30
In the present application, there is provided a

nucleic acid molecule encoding a novel human



1 0 JAN 2003 1.VO 00/0050 PCT/EP991 05031 I, a downstream pol yadenyl ati on
signal, the start codon AUG and a term nation codon for detachmdifit A 00he
ri bosome. Such vectors may be obtained cormmercially or assenbl%gk t he
sequences de¥O%094%¥0%y methods wel | known in the art. Thus, arf ’%Jé%&é?‘%n
vector refers to a reconbinant DNA or_RNA_construct, such as a plasmd, a
phage, reconbi nant virus or other vector that upon introduction into an
appropriate host cell results in 10 expression of the DNA or RNA fragnents.
Appropri ate expression vectors are well known to those skilled in the art
and include those that are replicable in eukaryotic cells and/or
prokaryotic cells and those that remain epi somal or those which integrate
into the 15 hoxuretiopehongrovhe Aactosnseenovédlil e adampeesidybri di si ng

to the nucl el ¢, el g Acoabel 0gnboskhlg hOYERLLOBIIRY A dISAL a5, G pLobe of as

a nedi cament or 1n a pharmaceutical conposition. i¢ acid nol ecul es
according to t¢ell nveansbormag Wathnsaidedeictios t e neawtadiopteseri bed i n an

anti sense orie Longj d r QVi .f,0 - cti 0 nti sense
A St | sons S8 0OE AeRebBeBI BY) CRIORIR Y A R S BT by
syntheti & 25 nesmbatédfemohen, aspepbunflst Waiichventti ers copristes ¢he host

cell transfornmed, transfected or_.inf ed,.with the .expressi on vector
according to t?ﬁﬁ?%@%ﬁ?{ n?g e ﬁgpggFéﬂ%ﬁ%ﬁiﬁﬁﬁ%i%ﬁﬁ?%ﬁ%ﬁﬁ%ﬁ?otic

in
ch™ce
cell and 30 no¢enpatehengbtye anvabehki anideblr. thrce@nporiat iprotodicl @ned DNA

into a suitable exgre55|on vect0£ for.subs uentftransfornation of said
g ¢ gﬁsgg

cel | and subseduentISRf2t?i 3h BRCRARLP FMe®=* 1 0 JAN 2003 WO 00/ 040S0

10 Detailed Description of the Invention

According to a first aspect of the present
invention there is provided a nucleic acid molecule
encoding a human neurotrophic growth factor,

15 designated herein as enovin, having the amino acid
sequence illustrated in Figure 21, or encoding a
functional equivalent, derivative or bioprecursor of
said growth factor. Preferably, said nucleic acid
molecule is DNA and even more preferably a cDNA

20 molecule.

Preferably, the nucleic acid according to the
invention comprises the sequence from positions 81 to
419 of the sequence illustrated in Figure 1 and more
preferably from positions 81 to 422 and even more

25 preferably the complete sequence illustrated in Figure
1.

The nucleic acid molecule from position 81 to 419
is believed to encode the sequence of the mature
enovin protein subsequent to processing of the proform

30 of the protein at the RXXR processing site present in
the stable proform of said enovin protein.

There is also provided by the invention an

antisense molecule capable of hybridising to any of



g PCT/ EP99/ 05031 cells is well known to those skilled in the grt as

Erovided in Sanbrook et al (1989) Ml ecul ar O oning, A Laboratory 45&@&%%

Col d Spring Harbour Laboratory Press. 5 A further aspect of the present

i nventi on cONPriv®¢eS0a nucl ei c acid nol ecul e having at | east 1BGIEROSdHes
of the nucleic acid nolecule according to the invention and preferably from
15 to 50 nucl eotides. 10 These sequeﬁté@'ﬁay, advant ageousl y be used as
probes or primers to initiate replication or the |ike. Such nucleic acid
mol ecul es may be produced according to techniques well known in the art,
such as by reconbi nant or synthetic neans. They may al so be used 15 in

di agnostic kits or devices or the like for detecting for the presence of a
nucl ei ¢ aC|dhaﬂn@rnU¢mbi$:d&mdlﬂw@@éng@s Ebﬁsegiﬁgtﬁogeﬂgrahb%anﬁg¥'Se
contacting the with a sanple under ridis condi tions an
detecting for % %Egﬁhc%tfﬁn%. C&O°ﬂﬁ%+%¥°?6rnﬁ%%%ﬁ Betikee et e ldr obe and

any nucleic amﬁbwﬂ1ﬁ&ux&@@@lgklfgggrghnghéoaghe present invention these
probes nmay be anchored to a solid support. Preferably, they are present on

an array so that mRtiirERFBHLRS Eéﬁr?§l§?ﬁﬁPPaﬂ§oH§P9 hebeila Xefier s

si ngl e bisol 0gical c St Eond hsn@éﬁbﬁﬁléﬁnp@%ﬁ@elége gBt@st hecarray or
synthesised in situ on the arrgi See Lockhart et al., Nature

Bi ot echnol ogy,S&aRle 14 hpetlrd lEQQGf"FXBFé§§|bﬁ ﬁBﬁﬂ?GFﬁﬁgl@ythe

hybri di sati on ddi0; 4y %br%@ef’@@@féﬂ%) ng'“@ﬂ\@Oﬁ}zggléér aYR' caft Yengl e array
can contain nore than 10 or even 1, ferent probes in discrete

| ocations. NUARREORHIGL DI R¥uFes BeEBRYRhg to the invention 1 0 JAN 2003
WO 00/ 04050 g PCTI EP99/ 05031 nmay al so be produced using such

reconbi nant or synthetic means, such as, for exanpl e, using PCR cloning
mechani si% whi ch gene$hl5y3Th@o$vélﬂﬁk@h@ad*ﬁhﬂﬁlo&<%&¢hm6%0/hh|ch may be
fromapproximately 10 to 5 50 nucleotices to a region of the gene which is
desired to be cloned, bringing the priners into contact with nmRNA, cDNA, or
genomi ¢ DNA f romeze hunhini et he en@bhnvﬁgthepbyynedasenchacdaoaﬂdeanlunder

condi 1 ons whigh bring. abouloarplifieation, of s he-do, desi Lod tegion.

isolating the a I ed and recovering € anpllfled
DNA. GEneraIIyde@ueh5¢eEMn$qqesnas UeMDhQGYhereln are well known in the

art, %%bas descr%ﬁﬁgahg Fa3Rk5 gﬁas?kea%uéw%'%P%'§H.§d¥gd¥l a Laboratory

Nhnual 89) . Aucharce a or olrgonucleati des accordlng to the
i nvent i on may &@mwydangeWeatheglhabatloSumeabbe bapdl $oi exipuredss the

radi oi sot opes such as 2PE§5?§§S Een%xgefgﬁgﬁg 85095h%geQrot§{n | abel s

such as blotln ol ARV rs."Suc Fesna fded to the
nucl ei ¢ aci ds xmvemtg@muciﬁoalHestotelheorntbatﬂmheausan@aﬁnbe det ect ed
using known technlqg ria gregpre551on vector.

20 An expression vector according to the invention
includes vectors capable of expressing DNA operatively
linked to regulatory sequences, such as promoter
regions, that are capable of effecting expression of
such DNA fragments.

25 Regulatory elements required for expression
include promoter sequences to bind RNA polymerase and
transcription initiation sequences for ribosome
binding. For example, a bacterial expression vector
may include z promoter such as the lac promoter and

30 for transcription initiation the Shine-Dalgarno
sequence and the start codon AUG. Similarly, a
eukaryotic expression vector may include a

heterologous cr homologous promoter for RNA polymerase



Advant ageously, human allelic variants or pol ynorphi snms of the DNA nol ecul e
according to the 25 invention may be identified by, for exanple, pyoRiNTa3
cDNA or genonmic libraries froma range of individuals for exanple from -

di fferent poy@I0AO#®BAs. Furthernore, nucleic acids and probes RSTERPOGHO3M O
the invention may be used to sequence genom ¢ DNA from patients 30 using
techni ques well known in the art, such As—the Sanger Di deoxy chain

term nati on nmethod, which may advantageeusly ascertain any predisposition

of a patient to certain disorders associated with a grow h-: ~ 0 JAN 2003
WO 00/ 04050 - 10 PCT/EP99/05031 factor according to the invention. Further
provi ded by the present invention is a transgenic cell, tissue or organi sm

conprising a tyansgeaswsSPabAR 9619XBERFSERE0NNE 1BUARN REW Qldphic 5
factor enovin according to the i1nvention. The term "transgene capabl e of
expressi on" ascAIRY MeF ei AndeanEeERYN 3G PRDFERIC FOitc dgtiageeqitertfe whi ch

| eads to expresgsgd op;9bsGmEEUSQEROPBEEoFRCHAY BRVibBgalingssame function
and/or activity of a 10 neurotrophic factor according to the invention. The

transgene may $oENeEeiakby ekaapsenbyedofiremnlidreisenengeiss slesani fadm
human celd s orb%ymg{ﬁgag Gﬁfiekﬁo@ﬁigniEHEUQEgg CDNA, integrated into the
[

chronosone or an_extrachYonosonmal state. 15 Preferably, the transgene
conprises a vector Beedrdingexpreheipnveacton, reffiecls wector incl udes a

nucl eic acid ogdi N9~ Sakdan iC tqQr, .or functiona
fragnment of sgﬁégﬁﬁ%f%.§€a§$§ %%Iggﬁlgghgﬁﬁggﬁétfggglgfrggﬁ%%ﬁnHég Sai d
nucl ei ¢ acid 26haheul debembakantt vimevanoa brhgmenectbrt dhagengpar cDNA

encodi ng said r Ot I i or., o iLonal _equi val ent t-hereof, which
fragment is ca%@ngé%?ngﬁQ%ggép%gséggrgggg%gguggsg gﬁégt?%ﬁﬁlﬁﬁuﬁ?nrophic
growt h fldct or expoessihgntoithieei ANBNDroRNATHuUs gmeoL sex dpplrep r2&atfa agnent s

of the neurotrophic._gr tor cording to t i.pventiQn i ch.
correspond to ?ﬁgr%%g%égfgeéﬁ§ﬁ§ gggdw ggi BS@“iEEeF§8FFn5%ﬁﬂ%%4ﬁﬁP

correspondi ng tleeeptoramisbonédbndepahbsef thhe preseepliimedited dm and which

f t to. f [ 30.acti [ t di
oooptor of L hECHF BUEH-F aEC bl aRBRY AP NG TCECENS oy e S8 AT o ol 1

its growth protmit ngemdiinsepyvsuvahlsust ahbsagwhfibactisterreald Lntlhithaspect
of the invention also includes 1 0 JAN 2003 WD 00/ 04050 PCT/ EP99/ 05031 -
11 diffetentidPFy Sptic88"PEBforns and transcriptional starts of the
nucl ei c aci ds accorHengnt®séh€e molecule capable of hybridising to

the nucleic acid according to the invention may be
used as a probe or as a medicament or in a
pharmaceutical composition.

20 Nucleic acid molecules according to the invention
may be inserted into the vectors described in an
antisense orientation in order to provide for the
production of antisense RNA. Antisense RNA or other
antisense nucleic acids may be produced by synthetic

25 means.

A further aspect of the invention comprises the
host cell transformed, transfected or infected with
the expression vector according to the invention,
which cell preferably comprises a eukaryotic cell and

20 more preferably a mammalian cell.

Incorporation of cloned DNA into a suitable
expression vector for subsequent transformation of

said cell and subsequent selection of the transtformed



invention. In accordance with the present invention, a 5 defined nucleic
acid includes not only the identical nucleic acid but also any mmnpraRpases
variations including in particular, substitutions in bases which result in
a synonynouswoadosos¢a di fferent codon specifying the sane am RGTEEPUOSO3]
residue) due to the 10 degenerate code in conservative amno acid
substitutions. The term "nucl eic aci d-n®lecul e" also includes the

conpl ement ary sequence to any single stranded sequence given regardi ng base
variations. According to a further aspect the invention 15 provides an

i sol ated human neurotrophic growh factor, encoded by a nucleic acid

nol ecul e as defined herein. Preferably, the growh factor conprises an

ani no acid sequence {50p.posihban €8 £A0339sRE 1008 AW RAAGL spauence of

Figure 1 or a nctional equivalent, 20 derivative or bioprecursor thereof.
A "functional pevideenin SamiepphedthateilA28RouMelise vlake® tanimann &

grow h factor I.pi o] e h@r, rti ctionality
associ at ed mﬁt%g$%%§g$%gkﬁgpg%%6rEgﬁgvFgggﬁg2§8F§§§EV§%?§§QH%#H€novin as
defined herei nPressntended to include a pol ypeptide in which certain am no

aci ds have been alje del I it r. am ne acids and
whi ch poI?peptide ée#ggEgéfhgsg%gﬁogﬁcgﬁeaggggfﬁ§ gpggﬁgﬁfﬁland/or whi ch
pol ypepti de 30camprisastawntklenci boddemodacsée heiviggerdvileardridi ng to

the poesont i nUSHTGRIARS FYorrd ANGLRSA AFod IBiee e ATt 1675
2003 WO 00/ 0406Ke - idenbidf aBd preferably from 15 to 50
nucleotides.
10 These sequences may, advantageously be used as
probes or primers to initiate replication or the like.
Such nucleic acid molecules may be produced according
to techniques well known in the art, such as by
recombinant or synthetic means. They may also be used
15 in diagnostic kits or devices or the like for
detecting for the presence of a nucleic acid according
to the invention. These tests generally comprise
contacting the probe with a sample under hybridising
conditions and detecting for the presence of any
20 duplex formation between the probe and any nucleic
acid in the sample.

According to the present invention these probes
may be anchored to a solid support. Preferably, they
are present on an array so that multiple probes can

25 simultaneously hybridize to a single biological
sample. The probes can be spotted onto the array or
synthesised in situ on the array. (See Lockhart et
al., Nature Biotechnology, vol. 14, December 1996
“Expression monitoring by hybridisation into high

30 density oligonucleotide arrays”. A single array can
contain more than 100, 500 or even 1,000 different
probes in discrete locations.

Nucleic acid molecules according to the invention



20 including fusion proteins and fragnents. and nodified forns include, for
exanpl e, PCT/ EP99/ 05031 The hybrid when certain ami no acids haJd b3
subj ected to sonme nodification or replacenent, such as for exanple, by

poi nt rmnut at i WO g0a0shi ch nodifications still result in a prot RAT/BPHIGK3L
retains the biological activity of enovin, according to the invention.
Specific . _~ucleic acid sequences can be9aTtered by those of skill in the

art to produce a growth factor exhibitimg the same or substantially

properties to enovin. As is well known in the art, many proteins are

produced in vivo with a (pre) signal sequence at the N-term nus of the

protein. Furthernore, such proteins may conprise a further pro sequence

that represent Sna’ny si bbb ebpr eeodseedt astihe ga&nree@bﬁbah@nts@qh pre and pro

sequences are no ener al I%/ necessary for _biolo |ci1 activi t){ﬂ The enovin
iy Py C

mol ecul e accorcﬁ -t ReMEAVENL PBART ASt ubRE REEMB 54 NEUIACR engt h

sequence i || ustdidethy mEEBLREsRE WHLCR' 88hBR&LLLOANTA1INe Fa%intiLh
follows the RXXR proteol ytic processjng site present in growh flactors of

this type and W¥h ¢5 BELPevad vBiFkpha¥ehe {fﬁ@mrrépﬁlr@xééﬁt‘}@ﬁde 1§ tenovi n.

A defi nedspr ote-:sm,mp@ié!@@p&égeteraameaeoac:b@ eﬁesga%n%ﬁ@p%d' ng to the
invention includes not only the identical am no acid sequence but isoners

thereof in addideohred RPnbP Q#PﬁédacpélvaiﬂatFbﬁspﬁ#@ﬁﬁﬁhénﬁ&turaI am no

aci d sequence i g ti m phree s ( acenent
by an am no 30 é;t:}:r}%éiét; wg?ssx’rﬁiéNgf e(\égthﬁ |?g gghgmi&:ealbﬁg Afngc? ?Irﬁlcr{rat?!ded are

am no acid sequincles RRFEATRARY ﬁrEﬁiVﬁ@rﬁaﬁuﬁhﬁlaniﬁécéép@ tumderesult in a
| ti de wh £ l; 1 0 JAN
00370 00/ 040504 85t SRR RGP G g, A8Bhk Cap R £268sBh b2 i

10 desired region, isolating the amplified region or

fragment and recovering the amplified DNA. Generally,
such techniques as defined herein are well known in
the art, such as described in Sambrook et al
(Molecular Cloning: a Laboratory Manual, 1989).

15 The nucleic acids or oligonucleotides according
to the invention may carry a revealing label.
Suitable lakels include radioisotopes such as 32P or
35, enzyme labels or other protein labels such as
biotin or fluorescent markers. Such lables may be

20 added to thes nucleic acids or oligonucleotides of the
invention and may be detected using known technigues
per se.

Advantageously, human allelic variants or
polymorphisms of the DNA molecule according to the

25 invention may be identified by, for example, probing
cDNA or genomic libraries from a range of individuals
for example from different populaticns. Furthermore,
nucleic acids and probes according to the invention
may be used to sequence genomic DNA from patients

30 using technigues well known in the art, such as the
Sanger Dideoxy chain termination method, which may
advantageously ascertain any predisposition of a

patient to cartain disorders associated with a growth



pol ypepti de encoded by the naturally occurring sequence. Protein§ 9[
pol ypepti des according to the invention further include variants BfA¥J@W
sequences, 5 including naturally occurring allelic variants which are

subst ant i al Iwohonmisogous to said proteins or pol ypeptides. |nPChHEBIZGNEIEXT ,
substantial honology is regarded as a sequence which has at |east 700, and
preferably 80s, 900 or 950 am no acid H&hﬁ]ogy with 10 the proteins or

pol ypepti des encoded by the nucl eic actd nol ecul es according to the

i nvention. Neurotrophic growh factors expressed by the host cells
according to the invention are al so enconpassed wthin the present
invention. |5 The present invention is further directed to inhibiting the
neur ot rophi ¢ grawvtbrf actetrdaagotdi npet dnt/e@tiievienti on in vivo by the use of
anti sense technolog¥. Agtisense,teéggolgﬁ% can be used to control gene
expressi on through tPREHPELNBEPYRGANRY 2BLGE RNt iPOAIE INA ¥ RNA, bot h
of which nethodgansgehageden, btidsag 6f adrpahisucicpiprdes ity QNA or RNA

For exanple, the part of the equence c¢oding for the nmature protein of
the prosent’ i nyERNSGRTES CABEAIE 0 HCERER SRS HRAt oen SRR A H GRTAR Bk | e of

from 10 t9 25 5Q@chaseepaivis bBcbeadhl t8 BNA ahiv@eruereotide is designed to
be conpl enentary to _a regi on_of theegene involved in transcription

(triple-helix - seeTP8et&fmal' tTROEPENACFARAPRES O GXBFES YWY9)2S Cooney et

al ., _ Scienceysg#lngs@inlB88hs angd BaAivanlel nak1eilCiRNCe shdnrie 1360
(1991), thereby preventing transcription and the production of enovin. The
anti sense RNA Bhii§ondERESt LQeSKPBREELS8s Ofo 2t REUFRNAIRR MG Vi@l 1 0 JAN

2003 WO 00! 0408@v3 nko tnBCTLRBI2ARR3bnPLAGS !t haRgkAtd o 0fy an MRNA
nol ecul e into enovin. Because of the seguence simlari'ty between the growh

factor db8cri bagurergiorhiict Aagrevi 8asPydii@anttor itée gimowart et ditse of the
CDNF fam |y, eree\éln@a%ngsmalysqnfe@ba@yeéo&o g%mioq%qb:g%,n%fmiref AR S cel |

survival and growth”and in“treating disorders resulting from ects in
function or expcdssiigolagkdsframnbungnr 6ghile factsomtBtd huneieiaci d

mol ecul es or the jreyn ﬁ%@ﬁqécc%99t3359ég§%%%6dﬁﬂl§(%HJ“EH 4D By,
advant ageously, therefore bé used’'to tréat or prevent neural disorders in a
subj ect by adnilmi streeixtgachroargonabj eseten anount of a nucleic acid

nol ecul e, pr growth f I or di.ng i.n i i .S i.cient
concentr%?ion 15 top?% qce ?&é gb%ngﬁggggn§a¥gﬂ%#gg¥%£f% %ééfthe nucl ei ¢
aci d nol ecul es acfcotridg nignenthen imsngnité ons e vhichpvermstos: i altwedeshce and

survival of neyronal. oellis andclan ot teating neunonalo disardsrs or
neur odegener ati ve condi tions i ncludi ng Parki*nson’s é%sease, zheinmer's
factor, or a functional fragment of said nucleic acid
molecule. A "functional fragment” of said nucleic acid
20 should be taken to mean a fragment of the gene or cDNA
encoding said neurotrophic factor or a functional
equivalent thereof, which fragment is capable of being
expressed to produce a functional neurotrophic growth
factor according to the invention. Thus, for example,
25 fragments of the neurotrophic growth factor according
to the invention which correspond to the specific
amino acid residues interacting with the corresponding
receptor alsc form part of the present invention and
which fragments may serve to function as agonists
30 activating the corresponding receptor of the growth
factor according to the invention so as to elicit its

growth promoting and survival sustaining effects on

cells. This aspect of the invention also includes



20 di sease, peripheral neuropathy, anyotrophic |ateral sclerosis,1DJAN203
peri pheral and central nerve trauma or injury and exposure to neurotOX|ng.
The neurotrophic gromh factor according to the invention has,

advant ageousWQ 045&@80 observed to confer 25 a neurotrophic or PCI/EP99/05031
neur oprotective effect on neuronal cells or cell populations, particularly
t hose neuronal cells or cell popul atioensswhr ch have been induced to undergo
apoptosis. Accordingly, the nucleic aci®™ or the enovin growh factor itself
according to the 30 invention may additionally be used in treating .
neur odegener ati ve di sorders such as stroke, Huntingdons di sease, peripheral
neur opat hy, acLL~ brain injury, nervous systemtunmours, nmultiple 1 0 JAN

2003 WO 00/ 04050, PEILERP9L09031p1148d_$ELREIRLS anBMLOLHAANi G ALeL

sclerosis, peripheral nerve tr , Injury exposure to neur ot oxins,
mul ti pl e endocr$merheopfatha, nhakelrabchidssehsprdagaditoedde Prion
associ at ed disgfﬁﬁéntg§ggtzfeld - Jacob disease 5 by admnistering to a
patient in need thereof, an anount of said nucleic acid or enovin in
sufficient concentraflhoactordedaeevothprigepiresikatsimyeortsiaf, tde neura

di sorders descrj herejn, AddiLtignal.l d_whi [ scribed. in nore 10
details iﬁgthe %%ggﬁrg ﬁgﬁéafge%%%?ng 5éug§§nngﬁo%gl§§t§%éé ?ﬁf%%%%very of
i nduced sensoryndeledct scidhboh adent ehyesierovibasas vardadictat e f or

treating or alleyviating pain_syndromes w_t .peci.pheral_ or_ centr.al

neur ogeni o compoNERt L PREaRaPEE L RET ke By 15 i Chseas ST |V hkch
conduct ance di ste&shances, abgyadnynbatr abidon t(a@ difdeiremt idodwed thereof in
sufficien~ concentration to. reduce or.prevent, the.s tons of these

di'sor ders. an oFPEFASRDE REERGETFORMERERAAAG CRE TERIe D5 diSHir s

descri bedi@bovedegeneraes copkanhi BgnkRraatlibecanicel laxildhat express a
human neur ot rophic growh factgr accordin Crlo_the i.nvention such as the

transgeni c cel | SURSEFFBEOREr ef A® TeIM "nucleic acid molecule™ also
includes the complementary sequence to any single

stranded sequence given regarding base variations.
According to a further aspect the invention

15 provides an isolated human neurotrophic growth factor,
encoded by a nucleic acid molecule as defined herein.
Preferably, the growth factor comprises an amino acid
sequence from position 27 to 139 of the amino acid
sequence of Figure 1 or a functional equivalent,

20 derivative or bioprecursor thereof.

A “functional equivalent” as defined herein
should be taken to mean a growth factor that exhibits
all of the growth properties and functionality
associated with the growth factor enovin. A

25 “derivative” of enovin as defined herein is intended
to include a polypeptide in which certain amino acids
have been altered or deleted or replaced with other
aminc acids and which polypeptide retains the
biolcgical activity of enovin and/or which polypeptide

30 can react with antibodies raised using encvin
according to the invention as the challenging antigen.

Encompzassed within the scope of the present

inverntion are nybrid and modified forms of enovin,



The nucleic acid nol ecul es and neurotrophic 25 growth factor accor?i ng to
the invention nmay al so be included in a pharnmaceutical conposition po@@tzﬁ@r
wi sh a pharmaceutically acceptable carrier, diluent or excipient therefor.
Ant i bodi es tewd dva4ospur ot rophi c factor of the 30 present invent POIVERBY/(G5031
advant ageously, be prepared by techni ques which are known in the art. For
exanpl e, pol yclonal antibodies nay be-pXzpared by inocul a~i ng a host ani nal
such as a nouse with t'.~. e gromh facter o~ 1 0 JAN 2003 WO 00/ 04050
PCT/ EP99/ 05031 - 16 an epitope thereof and recovering imune serum

Monocl onal anti bodi es may be prepared according to known techni ques such as
descri bed by Kohler R and MIstein C., Nature (1975) 256, 495-997. 5

Anti bodi es accqrdiiRgiitr tHE 1idRY R QN B AOVA geusl yop ke in a
nmet hod of det ectni ng flg_frbthe lpre ence of angr owt%st?gct or agg(%r éﬁﬁ’gqldo t he

i nvention, w ~iaeigd medidd asbfmrrinse st ndasts ngf ahee aamp bedy whienh ca x3anipl e and
identifying an rat e dt e i Lt _Ls.al rqvi ded
for perform ng%g]g"ln %e%%d%%n%cﬁe%orﬁgérﬁggégﬂa%@%?i%%ng Q%gér%&l%%é: 10 t he

i nvention and meanzflacemsadt,i rpathe arfidibhakampia, saydpsansl ew tAltsion

provided Ry th r I Ve N jity o ! r.deyjce fo= detecting for
t he preselr%ce oS’e% ’%glﬁi?%f rn{ép)qﬁir%lcé%&olvﬁ%hsafégcjtlolr ]g%%%%gi %B ?optrﬁ’é:eilﬁ\/enti on in
a sanpl e, conpmihsiary raatams oy kaso ldesicrd bexkcaboireyand searnd nf,0= reacti ng

sai d anti body and saj.d s l,e. Praqteins which interact w,th the.,

neur ot r ochi cyzﬁclgébcﬁ%rn%%rﬁoﬁg‘% vnevn%%lrﬂn ‘suc%p%%lfjc’)? SYSHprE Acid
cor[e_spondi ?g_ (s@!ql_}[dra:res: ezt am:ﬁ:&i ih:;erlt}hcbisegobys:cn\léstih?aﬁiervl\%rth .
rotein-protein interactions usi WO- rid.vector systemwhich is
wel | known to 8l G Ceoiaolgo’bciwsttr}g éaﬁece‘%rdse’@@%h‘@%“%ﬁ?eséﬁﬁ: 245 25 1989).
This techni que subdrased arl jataled egonsiotuhion in vivo of a
transcripti gn factor, whj ch fajg:':ﬁpatv?s ar orteE gene. I\ét%re. particularly the
t echni que cc, ; ~pri se& pr DI nEHV AP 0Pt T at B holE¢e P Qe Sa €A
construct conprirditcet FBPOFiws wifite dingefe B0s1idgatoskhaknel atpromt er
regul ated by a transcription factor havi::g a DNA binding domain and an
activating don&i'r{eré%ﬁig%s‘i%gtr}% RIRE§Ist  BLFCReFPPEE  hybFid PEIRA dduence
encoding a firstay usdehr Sfe @ TGN OFo ddequedcd JANE20Q3 YARLHF/D4050 -

17 - _ PCT/ EP99/ 05031 ° .

15 stable precursor to the mature protein. Such pre and
pro sequences are not generally necessary for
biological activity. The enovin molecule according to
the invention includes not only the full length
sequence illustrated in Figure 21 but Zrom position 27

20 to 139, which follows the RXXR proteolytic processing
site present in growth factors of this type and which
is believed to represent the mature seqguence of
enovin.

A defined protein, polypeptide or amino acid

25 sequence according to the invention includes not only
the identical amino acid sequence but isomers thereof
in addition to minor amino acid variations from the
natural amino acid sequence including conservative
amino acid replacements (a replacement by an amino

30 acid that is related in its side chains). Also
included are amino acid sequences whicn vary from the
natural amino acid but result in a polypeptide which

is immunologically identical or similaxr to the



of a nucleic acid sequence according to the invention and either said DNA
bi ndi ng domain or said activating domain of the transcription factokr( JAN 2003
eéxpressing in the host at |east one second hybrid DNA sequence, such as 5 a
l'i brary or twe doldiéso encoding putative binding proteins to be pawepdologdashed
together with the DNA binding or activating domain of the transcription
factor which is not incorporated in theifsi st fusion; detecting any binding
of the proteins to be 10 investigated weth a protein according to the
invention by detecting for the presence of any reporter gene product in the
host cell; optionally isolating second hybrid DNA sequences encodi ng the

bi ndi ng protein. An exanple of such a technique utilises the GAL4 .5
protein in yeast., GAL4 .is a transcriptional activator of gal actose

met abol i smin feoaeﬁpeaoﬁcdliease%coscg%ér%)f ejc}a%rrﬁ? uFSﬁIPfi &g &3 %het i vat or s
upstream of theegaleroiense net abol i sing genes as well as a protein binding
domai n. Nucl eotide vectors may be constyucted, 2C one of which conprises
the nucl eoti de resi o‘ﬁ%%tee’ﬁb% %f?ﬁ%?%ﬂﬁlgﬁﬁdﬁﬁg%éﬁéﬁgnt& % 4. These

bi ndi ng domai n irB&driliesm NRYr e f uBeEl hde avkp2wnLBr BfeishcenNGathikh &aguence,
such as fqr exanple the nucleic acids according.to.the invention. The other
vector 25 Y conpri He¥ rréast'i“bﬁ?e]slﬁén%%‘a‘ilﬁﬁlf’ﬂeagllﬁgéFnVﬁirﬁrﬁr}’?gs dBHeith of

GAL4. These resdflesusearfuised ¢ oSl dyessensodnna dricesidy ofLin,
preferably fromthe signal transduction pathway o he vertebrate in

ft
question. Any iRﬂle\fpa%ﬁqlcﬁ‘F%-etvJé'ént}?Pe%lr%?PBﬁﬁFcyﬁéétSGPnéﬁ@&déthwthe

nucl ei ¢ acid accpreidir-dan the 4 nyephéRe aRdi ERehAakokeI N datstberdestaeh | eads
to transcriptional activation of a reporter nolecule in a GAL-4
transcription ®FSEGERIY SR ¥ PRt BSHhpBANChacidl hempleay 2003 WO

001 04050 1RCT/ ERGY G503 e tndl & r 661 PhSphavesbearoheanshoriRd n el gr ably, a

reporter nolecul e such as ~i-gal act'osi dase is activatéd upon restoration of
transcri ption FECihdnadeailemlaeeesdingt BBothemigerasion .The receptor for

enovin has been idengd|isd Iy, {he;PEeeRNEaLRYEAL %&%g_@%s_@z 2 nptgﬁe;ggésotpay

therefore be prepared to identify agonist or antagonistic
enovin. This astellsedceizdine wsedheninysptiani agewatls cotenaronmaasad ophi c

growth factors and, 10 g}{@igrgg‘gr{@sm@ghggoﬁgcept ors. Conpounds identified

may be used to treat or prevent disorders such as Parkinson's disease,
Al zhei merl> di sease, Theewresantli sovert soassscifarsbewi i reqiatc

pol ygl ut am ne q%lﬁpﬁ'eﬁ- , i oRn' .S , 'Zq:pﬁg

neur opat hy, aca e brain ?%?y@%%gégﬂggs?g%wghnggr%gtorﬁﬁ%| p eﬂs%lléor osi s,
amyot rophi ¢ | ateral iscdreriosn sinpeivpheyathrense oifaamd igrerisg ury exposure

t 0 neur ot oxi ns, | tipl e endpcrine neoplasi nd famlial Hirschsprung

di sease, Prion %é;%b)%? areu 28&)%1?]5%%%%%, E&?%ﬂ %?gg'd C-anJIgceoﬁlscﬁcgeta%e, stroke,
pai n syndrones avrttral sydast catpee s yiper thirengh daripértha 1 ine uff aget Ton

h ic/infl di | L.
G ot or barfSes. by B 1 ST gk o B Ra: DPAUar el AR BIALiHF Bgoni st or

25 ant agoni st ivased forci leidd Doncent aapodgnhelpoevert tor ONZeair sENZl neur al

di sorders. Such_conpound al so_pe i.n¢clud i n_pharnaceut | cal

conposi tions t(l}z;%’f g’fan%'ngyrbeﬁaP% efifi ﬁ&ﬁ @glﬁ‘cé@ﬁf"fﬁicée ccaor#}rré? EQF 1 uent
or ](caxci pi ent I t hﬂﬁ@f@aguﬁ@ ﬁg@mb :gmso_ﬁ][ ;ngt pge@ie&tts#glfvs@tgrm\gjts fegd@red such
as for exanple enovin) may be identified._in one _enbqdj nen contacting a
cell tissue or %?@h%‘?s‘?’t‘?e‘irb?%%@s‘?ﬁﬁ BNAaBpLpRRsLE Ot dipt %‘}rlﬁi“cJF@Tt%th a

235 50 base pairs in length. A DNA oligonucleotide is
designed to be complementary to a region of the gene
involved in transcription (triple-helix - see Lee et
al. Nucl. Acids. Res., 6:3073 (1979); Cooney et al.,
Science, 241:456 (1988); and Dervan et al., Science,

30 251: 1360 (1991), thereby preventing transcription and
the production of enovin. The antisense RNA

oligonucleotide hybridises to the mRNA in vivo and



1 0 JAN 2D03 WO 00/ 04050 PCT/ EP99/05031 - 19 candidate conpound in the
presence of the growth factor and conparing the levels of RET actilVayA}pmgin
said cell, tissue or organismwi th a control which has not been contacted
w th said cap@)gipd@scomound. 5 An alternative enbodi nent of theerfpyeRRssion
conprises a nethod of identifying agonists or antagonists of a neurotrophic
grom h factor said nethod conprising cont@acting a cell tissue or organism
expressing an appropriate receptor of said gromh 10 factor and cRET with a
candi date conpound in the presence of said growmh factor, neasuring the

| evel of activation of a signalling kinase in the signal transduction

pat hway of which said appropriate receptor is a conponent foll ow ng

addition of an /15 apti bod cific for said signal .ki nase conjugated to a
reporter nDIecu?goﬁgﬁngaésiggéOEePF s ?%ﬁ%ﬁ“é%%ﬁﬂh%nﬁﬁkﬂ éﬂuﬁﬁglhot been
contacted with sai d BesposadofAther sheueaspeatindfl atrie vi meanidean tanpri ses
use 20 of a compound igegéifiad as,gn antagﬁrist ccordLngg%o the invention
in the manufact@FeYoP &2FEOF cARERFIPSA fdRdihd Ifds &G HIMithal di sor der s
or conditions nepdéatedibyd yR6WERSEHcRemMsSlod tuhe IGUNEStHanall yjOua® My The

conmpounds identified in the assays of the present invention may
advant ageousl y b® @<&8 PSléﬁﬁﬁﬂcgot & &éBAE;QHQ£NH§ﬂ$°§ﬁﬂ9Iqq%land

therefore may bgupsefidh bAdt gealvtAgagendint iterstiglalad drisx hanpered oY
i npaired gastrointestinal transit. Accaqrdingly, such conmpounds may be

useful in 30 trEafHAGiREr FFEMoBBEGCARI Al £UNTAUHiNYy FHRREFS 1ufdferi ng

from condi tionsggehatedrberaphaBPeredodr. i npaired gastric enptying or nore
general ly suffering fromconditions related to a hanpered or inpaired WO

00/ 04050 - 20 1 0 JARE2DUILPEY/ BPSY) OSOPF &St i Mhes v theRtsiq .

Consequenfdy a pgpthed akcbraahgeRb EﬁepﬁﬂWéﬁﬂinﬂmdyﬂiéﬂ@éﬂiéﬁgddgﬁf,from
condi tions, such as, for exanple, gastrooesophageal reflux, dyspepsia,
gastroparesis, pbsredpseabpvesed to treat or prevent neural disorders

in a subject by administering to said subject an
amount of a nucleic acid molecule or growth factor
according to the invention in sufficient concentration
15 to reduce the symptoms of said disorder. Thus, the
nucleic acid molecules of the invention may be used to
promote maintenance and survival of neuronal cells and
for treating neuronal disorders or neurodegenerative
conditions including Parkinson's disease, Alzheimer's
20 disease, peripheral neuropathy, amyotrophic lateral
sclerosis, peripheral and central nerve trauma or
injury and exposure to neurotoxins.
The neurotrophic growth factor according to the
invention has, advantageously, been observed to confer
25 a neurotrophic or neuroprotective effect on neuronal
cells or cell populations, particularly those neuronal
cells or cell populations which have been induced to
undergo apoptosis. Accordingly, the nucleic acid or
the enovin growth factor itself according to the
30 invention may additionally be used in treating
neurodegenerative disorders such as stroke,
Huntingdons disease, peripheral neuropathy, acute

brain injury, nervous system tumours, multiple



5 ileus, and intestinal pseudo-obstruction. Dyspepsia is an inpairnent of
the function of digestion, that can arise as a synptomof a primady JAN 2003
gastroi ntestinal dysfunction, especially a gastrointestinal dysfunction
related to aWe@ #M¥448sked 10 nuscle tone or as a conplication duRCEPRHOFEH

di sorders such as appendicitis, galblnggr_disturbances, or malnutrition.
Dyspeptic synptons are for exanple a la of appetite, feeling of fullness,
early satiety, nausea, vonmting and bloating. 15 Gastroparesis can be
brought about by an abnormmaly in the stomach or as a conplication of

di seases such as di abetes, progressive system c sclerosis, anorexia,
nervosa and nyotoni c dystrophy. Post-operative ileus is an obstruction or a
20 kinetic inpaschentsis, tamyonteshioelduersd sclesospsi operiphusale tone
fol |l owi ng surgery. Intestlnal seudo Qb % ﬁgt on | 8ond|t|on
characteri zed By tonstipalton: %%FYCE p% von1 FPRGPS buPUkF EROG

evi dence of phyam@a¢r£ﬁeo@s¢phm$ian fihéltmhpmunﬂshsprnhg giesese, i nvention
can thus be used egither to. tak the a tua% e of _th ondition or
Lo al | eviate t HF SOMHABHCH T ReTLORAPEF brt 362 Auir ¢ T OHAFP) SORESF ¢ he
conpounds shei noptadmlmi ot srDigktoehi padtenvi iy neediheheekos, BBy be useful
to normalize or to |nRane fhe intestinal tranS|t i1 subj eg%s suffering

from sy:, | pt ons®PRYRE e 3214 \EPBOEH%08619 95 SHOBLH AN 3p&FNEPO01 08031

di st ur bed not i | dd¥celt Bat Poklees easa@dcpebt Shaksest of héheyfhpabhsand taege
intestine alone or in conbination with del ayed astrlc enptying. In view of

the col on ki net?@utiet|$+5°69ethed8SELHBEAND r%i the present invention,

there is provided a s@ibedoed1lyeabhagwhaent bsogeedr apkanks, mbRe! udi ng
humans, suffering frompotility di sorders of the intestinal system such

as, for @banpl ed€edhssipatFion, ebé@BHS BBiOYuctPORini Re&sPPREI SAPYAYLO

post-operative J0.LAt@st t8abvELONY hhah&aelseﬁg&ey axdreses(! Bl cnand
drug-i nduced delayed transit. npounds identified as antagoni sts accordi ng

to the assays old%hél%¥%§eﬁ@°theﬁﬁléncﬁa9lﬁﬁ§9 Sé*oFrEéFéﬁﬁléﬁ use in the
treatment or prgppxb%ﬁn &%%25&%%@8&&@@' CBEQ&%h@B%N%%“'“”g from

i ncreased peristaltic nov nents Th the intestines such as diarrhea
(i ncl udi ng secr@@bﬁyahl@?ﬁh@qenbéc?@mpéneﬂﬁduﬁéﬁumﬁéleﬁéaflémwﬁépéy

diarrheandavel epasodi At hediand @ ﬁenegsabs Siaeibeghoo0oby s di sease,

20 spastlc colon, 1rrita rome dlarrheapre m nant
irritable bomelagmsnkatn@ESPhnap ﬁypéﬁ9§n§|@hvhﬁ9u theveew éh the utility

of the conpoundg, gtlEFEO n%?ﬂ%bﬂ@ 2k T ohok go ggt othg RLeSeNt hinventi on

al so 25 provides a e reating marn} ed anf mal s, |nclud|ng
humans sufferlngymponmgasfrbhasesduﬁakdcmﬁdlt|ons such as irritable bowel

oo Troni menr CEh%a1 Yo gL AT HIARDATRECLEOL LS nCORBRGUON 1Y @

met hod of Treatnent 1's provi |eV|ng nts suffering from
condltlodﬂ)suchdasordersabbecbmmeh spndeocemprBsyﬁ dinpdehéapoedanai nant

irritable b9“5'83§5?%9 ?Sm%bestgﬁgﬁ%gi'%'Kthn ARd bR HRILC Y B0 R~

pair. associate r0|n
factor accordlng to the invention such as the

transgenic cell described herein.
The nucleic acid molecules and neurotrophic
25 growth factor according to the invention may also be
included in a pharmaceutical composition together with
a pharmaceutically acceptable carrier, diluent or
excipient therefor.
Antibodies to the neurotrophic factor of the
30 present invention may, advantageously, be prepared by
techniques which are known in the art. For exampile,
polyclonal antibodies may be prepared by inoculating a

host animal such as a mouse with the growtn factcr ox



1 0 JAN 2003 WD 001 04050 - 22 PCT/ EP99/ 45031 hypersensitivity. The present
conpounds nmay al so be of potential use in other gastrointestinal ﬂ{&mrﬁgrs,
such as those associated with upper gut notility, and as antienellcs g or
treati ng enagovo/0803d cytotoxic drug and radiation i nduced enme®CS/EPIY/05031

| nfl ammat ory bowel diseases include, for exanple, ulcerative colitis,
Crohn's disease and the like. A furtherl@spect of the invention also
conprises 10 a nethod of treating a di sorder nedi ated by expression of
enovin according to the invention by adm nistering to a patient an anount
of an antisense nol ecul e or an antagoni st thereof according to the
invention in sufficient concentration to alleviate or reduce the 15

synptons of saixg @pSHHR +thdireerdans FRdbeleed Yy ingid vadh@h. or inhibiting
expression of enovin may al so advantageously be treated by administering to
an indi vi dual XRPRFHaNElofni 1E6AHESN AVt PHEPR IS AFRIGHRE B9 enovin in

20 sufficient GARGANANNIRUES SREHCR sOUeRIPU] ! K%Hﬁgf”ﬁ.oénéhe
disorder. In a further aspect, the invention provides a nethod for naking a

phar maceut i cal Midsigid iCon Neturke (LA M2 0f4 Sdiddses associated with
human 25 @e”rOtroDh%&t&%%W&@sfQESQEdﬁE@ZﬁB’Eﬁ@ Qn@%&HHQnF?ﬂﬁa's'”g’

sel ecting a candi date conpound identifi as an agonist o t agoni st of
enovi n accor di Rgviae tagedusiant ben useahdhaet mathpd Wik dprattingsfof said

conpound and f%ﬁu@“'pazgééq\ he ccampaund pmenufact wed iy 3= ﬁop@ﬁérraceuti cally
acceptable carrier.” Fs wll be seen in nore detall fromtha éexanpl es bel ow,
enovi : ~ has bedmvsudceysf wihiich medinoidngomprdls 6 sndigat sensiorg deficits.
Enovin may the%ﬁ%%s%&?*%&&% a sample and identifying any protein
0 bound to said antibody. A kit is also provided for
performing said method which comprises an antibody
according to the invention and means for reacting the
antibody with said sample.
Also provided by the present invention is a kit
i5 or device for detecting for the presence of a
neurotrophic growth factor according to the invention
in a sample, comprising an antibody as described above
and means fcr reacting said antibody and said sample.
Proteins which interact with the neurotrophic
20 factor of the invention, such as for example it's
corresponding cellular receptor may be identified by
investigating protein-protein interactions using the
two-hybrid vector system which is well known to
molecular biologists (Fields & Song, Nature 340:245
25 1989). This technique is based on functional
reconstitution in vivo of a transcription factor which
activates a reporter gene. More particularly the
technique ccmprises providing an appropriate host cell
with a DNA construct comprising a reporter gene under
30 the control cf a promoter regulated by a transcription
factor having a DNA binding domain and an activating
domain, expressing in the host cell a first hybrid DNA

sequence encoding a first fusion of a fragment or all



1 0 JAN 2U03 WD 00/ 04050 - 23 PCT/ EP99/ 05031 possible role in pai@
syndrones with a substantially peripheral and central neurogenic é nﬁ%%@ﬁ%,
rheurmati c di seases as well as conductance di sturbances and can qu a

modul at ory rP&004#058ensory processes after 5 transdermal, topiPccg'V‘;: PsB
central (such as epidural, intrathecal,_ ]CV, intraplexus, intraneuronal)
per oral, rectal and system c applicati %.’Therefore; in the sanme manner as
descri bed herein for other conditions mediated by enovin, these conditions
may be 10 alleviated or even prevented by admi nistering either an antisense
nol ecul e, a nucleic acid, enovin protein, pharnmaceutical conposition, or a
conpound identified as an agoni st or an antagoni st, as appropri ate,

accor di nghto t b€ hnvlee]gie@n:, gicgcslzbfefduérﬁ:;ﬁ é&:ma::]mttattbasmoﬁaltliwi ate Olr
prevent th' synptons sai isorder(s). The therapeutic or arnmaceuti ca
conposi ti ons oggghglﬁg§§eﬁﬁlﬁn&%ﬁti&ﬁ T st 8F e B?tgﬁ§téﬁﬁtable
route known indbhaiar bfi ReleUeinac sfcari pdarpl factbt ey easysngSBCghaneous,

i ntramuscul ar, transdernal , intrathec%LrPr anracerebral or adm ni stration

to cells in exM@Fodtr d82FENCL5 GEGH i 3 FBRCRER- bEUSHt BEr rapi d

as by injectiog 95pe¥ek drPehe0d ide,t idAecifiy sl i PEéusiARi AL _
adm ni stration of slow 25 rel ease fornul ation. For treatlng tissues in the
central nervouBr&y&iss todREnilSMVEHG G et RIS vEtRoRD8r DNAf usion into

the cerebrospi gahdfihgi & Q%'@iv-a_t@"x‘ﬂ“’idbn?a%ﬂu alsohe 41akedropteep ugat ed
with 30 agents that provide desirable pharmaceutical or pharnmcodynamn c
properties. Fofackapraicht isamdre ieigRAFatEhMN stpst BhEEtkABEAONA t he

art to pronoteqpeReshaly GR\OhiHAMRPUL @ Ssoddiendl pgdphrain 1 0 JAN
2003 WO 001 04050 - 29 °PCI/EP99/05031 barrier such as an anti body to the

transfertPn reéapesitigatedadiith st Ot Hhn 3R ERAstPnFBEt LBHENEAOW N,
the anti sense I I Qr. | i nLLfj S ni sts or
Eg Bt i Cg;bg?ec%et ﬁ%ﬁ&&@ﬁér@'ﬁ T:é{a%?‘ée? 8@9@

ant agoni st s of enovin a ing t Invention may be used in the form
of a phar naceupiresiuctormpogihe dvestwHahl nepeoa hvr egohatdadi agcoad
procedures wel ha t { r ; Y | a

phar maceuti cal Ilnylggg\gg&b]gblsre&‘/e nlccﬁ{ %C%d{llqﬁge%?&l%agﬁél Bi@gk#g%s'uch as for
exanpl e, a physi ol ogincaixagglieneSaugh on. ta@ierqpharhhtéaescahky Gaddept abl e
casriers, kncl uding Qthar, nantoxidusal{s., LIl & yBLeEAQE LhE, LG Y

al so be uSed. suitabl™é Butfer may al'so be present” all ow ng the
conposi ti ons tofbgalpggpivse red at ldrmn stroryshsth at@rhbée gomdpkirans prior to

econstt v on Retle AUV IR S SRS (SRRt |
bi ol ogi cal | y corpatdtilse mettrabo Inegi e aeres exs owe 1 Whashacamolbeinnpl ant ed
Into binding domain. Nucleotide vectors may be constructed,
20 ocne of which comprises the nucleotide residues
encoding the DNA binding domain of GAL4. These binding
domain residues may be fused to a known protein
encoding sequence, such as for example the nucleic
acids according to the invention. The other vector
25 comprises the residues encoding the protein binding
domain of GAL4. These residues are fused to residues
encoding a test protein, preferably from the signal
transduction pathway of the vertebrate in question.
Any interaction between neurotrophic factor encoded by
30 the nucleic acid according to the invention and the
protein to be tested leads to transcriptional
activation of a reporter molecule in a GAL-4

transcription deficient yeast cell into which the



20 tissues requiring treatment. The carrier can also contain other

phar maceutical |y acceptabl e excipients for nodifying other condjfi pnsyguch
as pH, osnolarity, viscosity, sterility, lipophilicity, solubility or the
i ke. 25 Phaivigwgabsocal |y acceptabl e exci pi ents which permt spstgpsvasonr
dal ayed rel ease follow ng adm nistration. may al so be included. The enovi: ~
protein or the nucleic acid nol ecul es-orl&ohpounds according to the
invention may be 30 administered orally= In this enbodi nrent they may be
encapsul ated a::d conbined with sui~able carriers in solid dosage =orns

whi ch woul d be well known to those skilled in the art. - - 10 JAN 2003
WO 00/ 04050 PCT/ EP99/05031 - 25 As would be well known to those of skill

inthe art, th L4 i c, floSage, el acge ' t he
body surface aS’ea o% gthljga pati ent gghﬁﬁgggoe{?ﬁ;%&%%%ﬁg,ﬁa%eq{egi%éP
occupi ed, depemdergcEl@ipoich hes pRrgadéakapsicatse dfs afriiiniastachtimm t o be
used. The anou : Sifl . 1y 1, Nl red wi.ll, however, be
determ ned by arllen%cﬁ%:%fel%?ar%fi%%%ﬁgcr:?g%gsa"gg (‘)%d'{Enl'lerE iefacsﬁ: <-'lalﬁaccetsospeértai ni ng
to the di sordemdtniheliseagemes such as the seve~it y of 10 the synptons,

the conposition to dm ni re th , wwei ght . and r.espon of the
i ndi vi dual® Dati ent gﬁjdgt%géci%cg%ng?gu gogg%aéjnalsn?ase[érnatlid%r?tl'lq%ee%?be\éent
i nvention my behemgpresérmariyvemderst asdGhiRotZhe fAHdaom mp yexargdetowdi ch

are purely 15 exenpl ary_and by.reference to.the accaonpanyi.ng .draw ngs
Wher 6i n: Fi gur S BTPREA 1 59 KIRAELEGUARER LT £l BTG act or
accordi ng to themnpvends onf 26nceshgnaled sassarzyinay Hisc @ ansats sequence
was obtai ned by PCR anplification with priners PNHsp3 and PNHapl on

Tt orent | CONAZ SHRE DAL GENGHTED CRRNPGI FRRED EhP R L Ghs Tt S RAR cand

anal ysi s 1and caimai i SOdr 84 spbed Dy araed prequenc eonpbitdy edicitedrong | etter
code 25 amno acid se%éan e i s shown above the seguence. The nucl eoti de

resi due number 1% dho tRetFEGht O5f PEFY SBNA ' SHET 5% the anino
aci d residue nuEekihsSoshowi§8a8¢ Rilght igled he disnsd Gt aby¥si£l n

sequence. TheI%%é%iggrgaggggéfggggewik eé@%ﬁﬁéﬁé polyglutamine

sequences, such as, Huntingdon's disease, peripheral

15 neuropathy, acute brain injury, nervous system
tumours, multiple sclerosis, amyotrophic lateral
sclerosis, peripheral nerve trauma or injury exposure
to neurotoxins, multiple endocrine neoplasia and
familial Hirschsprung disease, Prion associated

20 diseases, Creutzfeld - Jacob disease, stroke, pain
syndromes with a substantially peripheral or central
neurogenic component, rheumatic/inflammatory diseases
as well as conductance disturbances by administering
to an individual an amount of said agonist or

25 antagonist in sufficient concentration to prevent or
treat said neural disorders. Such compounds may also
be included in pharmaceutical compositions together
with a pharmaceutically acceptable carrier, diluent or
excipient therefor.

30 Agonists or antagonists of a growth factor (such
as for example enovin) may be identified in one
embodiment by contacting a cell tissue or organism

expressing an appropriate receptor and cRET with a



30 prodomain is indicated in bold and underlined. The putative start of the
mature protein is indicated by an arrow. The seven conserved cystgufi !

resi dues characterisrics for all nenbers of the TG~ famly 1 J AiQH%S
WO 00/ 04050 wWOTlomRe/ 05031 - 26 are indicated in bold. A pot eatryEH99/05031
N-gl ycosyl ation site is double underlined, Figure 2: is alignnment of the
predicted mature 5 protein sequences of h8man GDNF, NTN, PSP and EVN. The
sequences were aligned using the CustatWalignnent program Am no acid
resi dues conserved between all three proteins are included in the black
areas. Residues conserved between two or three of the 10 sequences are’
shaded in grey. The 7 conserved cysteine residues characteristic for

nmenbers of the T ddigéyglééﬁﬁgaiguyﬂﬁﬁﬁgigg%éggéigﬁgq: Yot seauence.

P~nino acid residues are nu ' to erig ashes” i ndi cat e gaps

i ntroduced i nt o fiEeltd e prch@emre rifig pthiari leve he of iRfeactifagier 8o is
partial cDNA se enav] T £9ﬂﬁﬁﬁéy ined by PCR
anplification (%%ﬁ%gﬁﬁgpd§g3%%?inqgkws pfwﬁﬁgqﬁﬂﬁgﬁﬁgghgp%g% e%aio PCR
with prinmers PNesy2 ceeh RHdEOt ash wi fif esaeid cDMNbsdd 8 | camobinyd ¢l oni ng and
sequence apal ysis an 0, =] f e | hed: sequences.. .The transl ated
one Iettergcode aning“g6¥§§§g%ﬁgﬁ%%e% ?é%ﬁ%ﬁﬁi%%s %%ﬁ%ﬁ&}??eading frame
A) is shown abovenr seguemestiRE and ivderer Editg ddenistghtoX AL to A85).

This readi ng franme contains put ative ATG translation start codon. The
transl ated one Iag‘t%taec‘ro%loﬁes acfaﬁ rﬁ)rﬁecq]ﬁoetsre h%egﬁ?mg%%ﬁ?ﬁeia 9 to 810
(reading frane Bl titsod hoowp mhoiey tduntsesteng ea acsll hunbesesl 60 ¢hganight (Bl

to 30 3159). This readiq? frane contains the reﬂion ff ronol ogy. wi t h GDNF,
NTN and PSP. Th&XRUS Tt THLT easE?QﬁPem?ﬁPg% PSSRt SIHE FEYHER of the DNA
sequence. 10he pul=aiioe IMXRREEaviage sidandddatdecompound in the

presence of said growth factor, measuring the level of
activation of a signalling kinase in the signal
transduction pathway of which said appropriate
receoptor is a component following addition of an
15 antibody specific for said signal kinase conjugated to
a reporter molecule compared to a cell tissue or
organism which has not been contacted with said
compound.
A further aspect of the invention comprises use
20 of a compound identified as an antagonist according to
the invention in the manufacture of a medicament for
treating gastrointestinal disorders or conditions
mediated by increased peristaltic intestinal movement.
The compounds identified in the assays of the
25 present invention may advantageously be used to
enhance the gastrointestinal motility and therefore
may be useful in treating conditions related to a
hampered or impaired gastrointestinal transit.
Accordingly, such compounds may be useful in
30 treating warm-blooded animals, including humans,
suffering from conditions related tc a hampered or
impaired gastric emptying or more generally suffering

from conditions related to a hampered or impaired



~ 0 ~ar~ zoo3 WD 001 04050 - 27 PCT/EP99/05031 prodomain is indicated in
bold and underlined. The putative start of the mature protein is indicated
by an arrow. The seven conserved cystei ne residues characteristic 1 8rJAN103
menbers of t kg dddzoso famly are 5 indicated in bold. A potentimdr/Er99/es031
N-gl ycosyl ation site is double underlined, Figure 4: is an illustration of
the chronpbsomal | ocalisation of human-Epgvin. (A) D agram of FISH 10
mappi ng results for Enovin. Each dot represents the double FISH signals
detected on human chronosone 1, region p3l.3-p32. (B) Exanple of FISH
mappi ng of Enovin. The left panel shows the FTSH signals on chronosone "~.
The right panel shows the sanme mtotic 15 figure stained with

4' | 6-di am di no- 2- phenylindol e to identify chronmpbsone 1, Figure 5. _is an
i1lustration ofgae%p?%%/’éqeosh B EfRAR Hr di ‘?fbsree%e’h‘i&%nat‘?g’éa%é.o%A), (B),
(O 20 Norther rtfdaimaial ¥sigrofide s sier exglrassi on ©ft faows nfrJhe
expression of Enovin nRNA in qiffere t human tissues was assessed using a

probe corresporffiit t P b t5 t4e cf iy aRyion S BreRs $eRP#EE¥HI ng t he

regi on codi ng frdf1de e HNOVida P AIRiMsid, FPoanadyseaiets of human
poly(A) rich RNA. (A NHltj | e Ti ssue Northern (MIN) blot; (B) MIN blot I1)
Fetal MIN%bl ot Y4eUsparfdl (¥§%%ﬁﬁﬁ@§%up%ﬁﬂ R graphiP™df the human RNA

master bl ot probed wdpddes sare Hnomhpha LN, regnend . rBeeel ok B r shows the
| ocation of human tissue 30 nRNA sanples on the RNA master blot from (D),

Figure 6: is a Graphiond Ithal £3DMHise RS thtWMREAT| ¥kl 2 BT BRRSYSY cel | s
after 72 hours d4patdBitest indl Ja 2003 N0 WL Q40D0 1y 28

gastrointestinal dysfunction related to an increased

10 ruscle tone or as a complication due to other
disorders such as appendicitis, galbladder
disturbances, or malnutrition. Dyspeptic symptoms are
for example a lack of appetite, feeling of fullness,
early satiety, nausea, vomiting and bloating.

15 Gastroparesis can be brought about by an
abnormmaly in the stomach or as a complication of
diseases such as diabetes, progressive systemic
sclerosis, anorexia, nervosa and myotonic dystrophy.

Post-operative ileus is an obstruction or a

20 kinetic impairment in the intestine due to a
disruption in muscle tone following surgery.

Intestinal pseudo-obstruction is a condition
characterized by constipation, colicky pain, and
vomiting, but without evidence of physical

25 obstruction.

The compounds of the present invention can thus
be used either to take away the actual cause of the
condition or to alleviate the symptoms of the
conditions.

30 Additionally some of the compounds being
stimulators of kinetic activity on the colon, may be
useful to normalize or to improve the intestinal

transit in subjects suffering from symptoms related to



PCTI EP99105031 with 10-6M taxol and the effect of increasing doses of
enovin on this survival, normalised to the condition of solvent.1§ﬁ-ﬁ¥ﬁ%3
cells are differentiated for 5 days w sh 25nM st aurospori ne befor J

appl i cation BfO @485l . Data are fromtwo independent experi mePEHEP/05031

si xtupl ate. Mean and st. dev. is shown, Figure 7: is a graphic
representation of the effect of |ncreasﬁﬁg —concentrations of enovin over ~8
10 hours on neurite outgrowh of staurosporine differentiated SH SYSY
cells, normalised to the condition of solvent. SH SYSY cells are
dlfferentlated for 5 days with 25nM staurosporine bef ore starting the 48
hour experinment. As a positive 15 control, the differentiating effect of

25nM s~aur ospord e SoSdaNdt: i Newwy j te, chBn@t@et§e§§éﬁubérﬁétﬁﬂs€ﬂs lemst 5000
cells. Data |s pr ovi ded fromthe ex erl ment s gerforrred in duplicate. Mean

and st. dev. isRiowpratl aggi,:}w%s BEEPLIRS af@NGr Aphitd F&Bltéé’é'rﬂla%‘ ons of

t he effect of Qﬂpwﬁruéqh§g@l¢gg¥§§¢0@mp{ yRgious cell types. 25 Figure 19:
is a graphic representation of the ef ¥s of enovin_on taxol -induced

sensory deficits usihy Yie¥ ih W?cﬁo%%@tkl@Qéﬁ aEdliky Sferdge (+ 1 SEM
cumul ativey Scor@&nw@ﬁdé'cs@ Lq{e Sﬁéséﬁ@aiﬁelemwne' there? 1dl T RSN goses

of enovin (23 or 130 ~cg/ rats/ grou or vehicle / sa ?lne (n
= 20 rats) after neiord Eﬁ@ﬁﬁﬁ%ﬂn%aW$ﬁ@"¢lQ@ pél enh@pe si njfleclzyling a

7008 V0 00/ 04088 BT £G4 DE0RIC . 158 B o S0t e gran are 0 U
representation biteseindl egystemn, enovhnason faxobximddeed commomatdedicits
pseudo-obstruction, intestinal atony, post-operative
10 intestinal atony, irritable bowel sydrome (IBS), and
drug-induced delayed transit.

Compounds identified as antagonists according to
the assays oZ the present invention may also be of
potential uss in the treatment or prophylaxis of

15 gastrointestinal conditions resulting from increased
peristaltic movements in the intestines such as
diarrhea (including secretory diarrhea, bacterial
induced diarrhea, choleic diarrhea, traveller’s
diarrhea and psychogenic diarrhea), Crohn’s disease,

20 spastic colon, irritable bowel syndrome (IBS),
diarrheapredominant irritable bowel gastrointestinal
hypersensitivity.

In view of the utility of the compounds of the
invention, it follows that the present invention also

25 provides a method of treating warm-blooded animals,
including humans suffering from gastrointestinal
conditions such as irritable bowel syndrome (IBS),
especially the diarrhoea aspects of IBS. Consequently
a method of treatment is provided for relieving

30 patients suffering from conditions such as irritable
bowel syndrom (IBS), diarrheapredonminant irritable
bowel syndrcme, bowel hypersensitivity, and the

reduction ¢i pain associated with gastrointestinal



using the pin prick test. Gven are the average (+ 1 SEM cunul ative scores
over time of rats treated with 5 either 2 different doses of enovi np( 23 003
130 ~cg/m; n - 10 rats/ group) or vehicle / saline (n = 20 rats) before

t axol . Enovi weo/csakd ne / vehicle were injected in a vol une of P@BEP99l0sIN
the subplantar area of the right hind paw. 10 Figure 21: is a DNA sequence
of enovin. The consensus sequence was-ob2atned by anplification with PCR
using priners PNHspS and PNHapl on humeR frontal cortex cDNA and on human
genom ¢ DNA foll owed by 15 cl oni ng, sequence anal ysis and conpari son of the
resul tant sequences. The predicted am no acid sequence i s shown above the
DNA sequence for the only splice variant yielding a functional Enovin
protein after ion.: Jthe, nucl eoti de resi due nunber is 20 shown to the
| eft of the Dl\lk %?us%tr#csg?clv\%lrek‘reyéas the ami no acid residue nunber is shown to
the right of the trdihsl atrebgntotainpablemtsy Hlsande30fspbtentsktes

detected by co ri,so uence. égﬁﬁ a Lt h genomni.c
sequence are i rqgi%cé'?)eg)tg{/er\slgﬁl ca?%qh I anJSl %ﬁ%‘?ﬁ%&%%t%gg?egg gborsieght ,
respectively, asecariatadbertdd uppseait vedtl lithe, pandt 8vea RXXBmBULicrs
cleavage site f.ar_ th . [nds indic {.n bo nd_underl.ined. The
putative §t arttfgr 'Etﬁ%aggajt% e%\pérqsoltsz’i nam:jds C%%]tgolqzcda ed %yugng%ér{rg\%gl?ﬁéogeven
conserved 30 cystieiossl resslies characteristic for all nenbers of the TG--f3

famly are indicated in bold. A potential_ N-1inke | ycosyl ation site is
doubl e under! i ned. %ﬁ’eﬁr%m%agtao@( I[bsop elrice&ssl?aesse%rleg%gu Bt e8°AnT 8RR Fe ed.
1 0 JAN 2003 WO1@@/xA056: RGOV HAY/ (R0RiIn-s i sdageiren@2theslakei.l | ustrati on

chenbt i ¢ di agram of® BHANTE SATHRE YA e 1URHF RaBgORTOPERLSes

schemati c di agram of
experimenbs W shrtmdd epeaiddtciy M i dessrdar RNAd det ededyf eaprdiskienent
human tissues fallowed by cloning and sequence anal ysis_qf . PCR products.
The top |ine sROWETPGERIA-qTTRE  FoTHe S LoVl t 1B PepRaCiRLs Tere Enovi n

genoni ¢ sequeng® alhetiasid ian lodtte &f ansl fit Deessarnodsduskoprcagon, 10
of the start of the mature Enovin coding sequence and of the % and 3
splice sites (SOEIFTYHE HCLHUL i HAFLLRE ShetPF ghEVHAFLOBf 1Phe figure
shows the PCR piaducd iSerobt @ mesh bz RloiPGR ol Dyaf yrandronetiieat ahecort ex
RNA together with a 100 by DNA | adder, The 15 position of the different

MRNA var fant s iSYEHARRRRXY 1Dt TeFONieh- their size (fromstart to stop
codon). The transl at@gdsprpded ﬂﬁe@f@té&ﬂ% Piadbhevhelbnhandishdes tBexes

delineate regions represented in the c Dashed |ines represent spl~ced
out genoni c DN&xpression of enovin may also advantageously be
treated by administering to an individual an amount of
a compound identified as an agonist of enovin in
290 sufficient concentration to reduce or prevent the
symptoms of the disorder.

In a further aspect, the invention provides a
method for making a pharmaceutical formulation for the
treatment of diseases associated with human

23 neurotrophic growth factor enovin, said method
comprising, selecting a candidate compound identified
as an agonist or antagonist of enovin according to the
invention, manufacturing bulk quantities of said
compound and formulating the compound manufactured in

33 a pharmaceutically acceptable carrier.

2s will be seen in more detail from the examples
below, enovin has been successful in reducing taxol

induced sensory deficits. Enovin may therefore play a



20 The shaded region represents the r,~ature Enovin coding Seq“e”FﬁjAﬂ?ﬁ%
dotted line marks the start of the mature Enovin codi hg sequence.
transcri pts capable of yielding functional Enovin protein are indicated by
an asterisk WO 80{9d030ef t hand side. (B) 25 Tissue distribution SfT/ERERE N
splice variants. The photograph shows tES PCR fragnments obtai ned by RT-PCR
with Enovin specific priners on differe Auman cDNAs. The 4 main splice
variants (Ato C) are indicated by arrows at the |left hand side. Sizes are
i ndi cated on 30 the right hand side based on the 100 by DNA | adder used. as
size reference on the gel. figure 23: Predicted protein sequence of the

| ong 1 0J APd 2003 WO 00/ 04050 PCT/ EP99/0~031 - 31 splice variant of
Enovi n, obt ai npdsbybspl ircileg ioutpatime sywodromeonelfh o 4 ies DAt $efjlgnce of
Figure 21. Splice.shtes 5'1dand %‘Eﬁsare used to renmove the f%rst_%ntron
and splice sitBETEPNETET(3R4 SeRL A dIF PP E R bRV N MR ke ohBSFREFSA. Thi s
results in a cihdeaegucncewrali G aoropedt dredsli dis fuasencodi agdf eant he 228
am no acid resi rotﬁéﬁﬁshomm ahove, Figure 24: Predicted_protein

ue
sequence of anPt8YaPt &P SI¥sHSHS WhITCE LY iR IS EhofheTobt ai ned by

splicing mut tBeahwBerianns dpiall,hel IR sesnerse o$udh gas eegidusahi ce
sites 5 -1 and 3'-2 are uysed to renove the first intron and splice sites

5'-2 and 3'-3 &PETEEBEEG /1 dfrdve HHTF ARLVHE i MPOIANSHFQNRE5uPEE in 15 a
cDNA sequence Bawiing rakt@Redneadistednid admp Lo ok Or thHerd28rami ng acid
resi due protein shown above. Thlscgéotegn sequence msses 8 amno acid
resi dues conpaF8§ £67En&8EGFefce WS HRAS PRTeDD HHUPENSS: is a graphic

represent ati oncghqliRe ones welds MRARINL A SR eXPes § &reddsd desbavefatoneonpar e
the | evel s of expression of enovin i'n normal diseased tissue. Enovin and

GAPDH exk? essi 8A 1y iagsce SEnted®n PAFERMC 4 SRy dnini ekpetndorifhetipl e

sclerosis and 23 AhzheidRe Hdl8ASE, &1 928 abfd? SR8PIhCprotein,
representation of the results obtained to detect |evels o. expression of
enovi n and GAPPHairfaR&uilgsdn’' cOmlosEds o RN E ad ce?nPIondepdsntsfied

as an agonist or an antagonist, as appropriate,
according to the invention, in sufficient

15 concentrations to alleviate or prevent the symptoms of
sald disorder(s).

The therapeutic or pharmaceutical compositions of
the present invention can be administered by any
suitable route known in the art including for example

20 intravenous, subcutaneous, intramuscular, transdermal,
intrathecal or intracerebral or administration to
cells in ex vivo treatment protocols. Administration
can be either rapid as by injection or over a period
of time as by slow infusion or administration of slow

25 release formulation. For treating tissues in the
central nervous system, administration can be by
injection or infusion into the cerebrospinal fluid
(CSF) .

Enovin can also be linked or conjugated with

30 agents that provide desirable pharmaceutical or
pharmacodynamic properties. For example, it can be
coupled to any substance known in the art to promote

penetration or transport across the blood-brain



Pl asm d EVNmat/ pRSETB =ncl udi ng the D~: =1 sequence ~ o ~ar~ 2003 WD

00/ 04050 - 32 PCT/EP99/ 05031 encodi ng enovin, was deposited on 61 y &ﬂﬁ?
under Accession No. LMBP3931, at the Bel gian Coor di nat ed Col | ecti ons %

M cr o- Bi ol ogiwe doB463W) at Laboratorium voor Ml eculaire - Pl asmcdaneobs@eli e
(LMBP) B9000, 5 Ghent, Belgium in accordance with the provisions of the
Budapest Treaty of 28 April 1997. Mater2als and nmethods 10 Materials Native
Taq pol ynerase, anpicillin, IPTG (isoprepyl-(3-D-thiogalactoside), X-gal
(5-brono-4chl oro- 3-i ndol yl -[ 3- D-gal act opyranosi de) and all 15 restriction
enzynes used were from Boehringer ~:annheim (~lannhein, Germany). 10 ni
dNTP m x was purchased fromLife Technol ogies (Gaithersburg, MD, USA). The

TOPO- TA cl oni n%ﬁeirtée\gass r%@a g'ld fr(ﬁrgdc{png%ocg%&p\l_’f\z%gaﬁ The

Net her | ands). agen plasmd m ni itation ki t, the
Q aprep Spi n MreicgpPge ki tan@n@mlgmﬁ¢lb3gelnt@&wmu©mMQcmm

pur chased fron1Cjag (%@ of %i@é%%@g}ﬁa ies, Marathon'
Ready cDNA Kkits, hunan nu t| g#%%Léys ane ?ﬂFII
mul tiple ti ssuesn\p@mﬂm@ndﬁlﬁ:ﬁm@ aasd acjwmgarura@}tca@@ﬂ\bﬂt:?@f kit were

obt ai ned from CI ont, ecgcl_cabo .at or| £ Pal Q, AI to PCR reacti ons

CA,. USA) .
wer e perfornmed PR VaGETeA sys em 000" yé"l énray( %eer KiT IJrFérth?:oster
Cty, CA USA) foltB @©fUra ephlﬁe:mtm@tm wongparssitston ,0fwHikclg/rla wfbd r ypt one,

30 5 g/1 of yeast extract and 10 2X lﬁarg)lmllln | at es
consist of 16 §FEPSEST ARETEIEy froqcifgh’sets&?t ?T ©NaCl, 15
g/ 1 of agar WOtQO0l MF®rred compositions include a

pharmaceutically acceptable vehicle or diluent or

10 excipient, such as for example, a physiological saline
solution. Other pharmaceutically acceptable carriers
including other non-toxic salts, sterile water or the
like may also be used. A suitable buffer may also be
present allowing the compositions to be lyophilized

15 and stored in sterile conditions prior to
reconstitution by the addition of sterile water for
subsequent administration. Incorporation of enovin
into a solid or semi-solid biologically compatible
matrix may be carried out which can be implanted into

20 tissues requiring treatment.

The carrier can also contain other
pharmaceutically acceptable excipients for modifying
other conditions such as pH, osmolarity, viscosity,
sterility, lipophilicity, solubility or the like.

25 Pharmaceutically acceptable excipients which permit
sustained or dzlayed release following administration
may also be included.

The enovin protein or the nucleic acid molecules
or compounds according to the invention may be

30 administered orally. In this embodiment they may be
encapsulated and combined with suitable carriers in
solid dosage Zorms which would be well known to those

skilled in ths art.



- 33 and 100 ng/1 of anpicillin. Database honol ogy searchi ng and sequence
conmparison. 5 1 0 JAPJ 2003 PCT/ EP99/ 05031 Using the conplete hu JBN heak
cell-line derived neurotrophic factor (CGDNF;, accession no. (Q9748),
neu~turin ( NWMQ 00M8¥ssi on no. P39905) and persephin (PSP; accd&si/bpogos!
AF040962) cDNA derived protein 10 sequences as query sequences, a BT _~AST
(Basic Local Alignnment Search Tool; ATtsehul et al ., 1990) search was
performed on the daily update of t he EMBL/ GenBank hunan expressed sequence
tag (EST) and genom c databases. 15 Additional BLAST searches were
performed using the genom c sequence with accessi o-~ no. AC005038 and
several ESTs present in the GenBank database and show ng honology to this
genom ¢ sequence werrs defdet ek wl IThaeiguer (Iﬁnttagisei aetd kyl andnpereent age

I ty bet nb f_.the GDNF f | cul at ed bypairw
compar| Son of . PG /s CUTbrAER WS BECHAI HRorim ot Ee8 Conput o

G oup sequence aajwncsllrsg Sof thhay ®deBC kA a e raFicln o Cthéera/@iéhtyogf 25
W sconsi n, Madi %&) nments of DNA or prote n sequences wer e
done with the (§I tva?l]\)’é‘%ﬂ ﬁ’é’ﬁty rﬁo( EBICC R R b Rény) .

A i gonucl got i depwtdesigarftarc RGR a0 &N%@ﬁqu@tcﬂanglorﬁltlo be
ol i gonucl eoti de prlners were ordered from 1 0 JAN 1U03 WO 001 04050
used The amount of the composition actually
administered will, however, be determined by a medical
practitioner, based on the circumstances pertaining to
the disorder to be treated, such as the severity of
10 the symptoms, the composition to be administered, the
age, weight, and response of the individual patient
and the chosen route of administration.
The present invention may be more clearly
understood by the following examples which are purely
15 exemplary and by reference to the accompanying

drawings wherein:

Figure 1: is partial cDNA sequence of a

neurotrophic factor according to the invention

20 designated as enovin. The consensus sequence was
obtained by PCR amplification with primers PNHsp3 and
PNHapl on different cDNAs and on genomic DNA followed
by cloning and sequence analysis and comparison of the
obtained sequences. The predicted one letter code

25 amino acid sequence is shown above the DNA sequence.
The nucleotide residue number is shown on the right of
the DNA sequence, whereas the amino acid residue
number is shown to the right of the translated protein
sequence. The putative RXXR cleavage site for the

30 prodomain is indicated in bold and underlined. The
putative start of the mature protein is indicated by
an arrow. The seven conserved cysteilne residues

characteristics for all members of the TGF-3 family



- 34 PCT/EP99105031 Eurogentec (Seraing, Belgium). Insert-specific
sequencing priners (15- and 16-ners) and priners for use in PCR fgagjiins
wer e designed manual ly. DNA was prepared on Q agen-tip-20 or -100 anion
exchange or woQ@oagoasock spin colums (Q agen GhbH, Dussel dorf, RGIVERSAPFO3ANd
recovered fromthe colums in 30 ~cl TEbuffer (10 m Tris. HO , 1 mvl EDTA
(sodiumsalt), pH 8.0) . Sequencing reacéions were done on both strands 14
using the ABI prism BigDye Term nator Cycle sequencing kit and were run on
an Applied Biosystens 377XL sequencer (Perkin Elnmer, ABT_ Division, Foster
Cty, CA USA). The Sequencher T~ software was used for sequence assenbly
and manual editing (GeneCodes, 15 AnnArbor, M, USA). doning of a nove
GDNF honol ogueard DINA RGN i$PHHUANY Pﬂ%t%ﬁ‘dﬂﬂs WGt oy 8843020 of EMBL
accessi on no. AC005038 of which the translated proteln sequence was

homol ogous to Fafter & NAYWHE PoElafdsingdhd to design ol i gonucl eotide priners
for PCR anplification. The different prinmers used are shown in Table 1. 25
1 0 JAN 200 WD 00/ 0-i 050 PCT/ EP99/ 05031 - 35 Table 1: Prinmers used for the
PCR anplification offfqugerit $ sofa lACros0ss. Oﬁ:’rﬁh%rplfﬁ%cpeﬁnmatgequence 5

PanpI 5' aﬁ%%%%@%%%%hﬁén Pch‘b @CAGT ES8 ang EVN . PN-5 D45 -

CTGCACCCCCATCTGCECFHQDenQFﬂWMQHﬁ!ﬁll AEN- 3' 1C PN ~ap2

S - CCAGTCTGC%&%ER%€H§3¥?Bgré%.5%%%%% acid residues conserved

between all three proteins are included in the black

areas. Residues conserved between two or three of the
10 sequences are shaded in grey. The 7 conserved cysteine
residues characteristic for members of the TGF-R
family are indicated by asterisks above the sequence.
Amino acid residues are numbered to the right. The
dashes indicate gaps introduced into the sequence to

15 cptimize the alignment,

Figure 3: is partial cDNA sequence of enovin. The
consensus sequence was obtained by PCR amplification
(primary PCR with primers PNHspl and PNHapl and nested

20 PCR with primers PNHsp2 and PNHap2) on different cDNAs
followed by cloning and sequence analysis and
comparison of the obtained sequences. The translated
one letter code amino acid sequence of nucleotides 30
to 284 (reading frame A} is shown above the sequence

25 and numbered to the right (Al to A85). This reading

frame contains a putative ATG translation start codon.
The translated one letter code amino acid sequence of
nucleotides 334 to 810 (reading frame B) is shown
above the sequence and numbered to the right (Bl to

30 B159). This reading frame contains the region of
homology with GDNF, NTN and PSP. The nucleotide
residue number is shown to the right of the DNA

seguence. The putative RXXR cleavage site for the



25 30 Prinmers PNHsp3 and PNHapl were used to anplify a fragment of 502 by
on cDNA derived fromdifferent human tissues (fetal brain, whol e1fielas03
prostate or |ung Marathon- ReadyT"' cDNA (Clontech Laboratories) , frontal
cortex, hipmozanpusd and cerebel  um cDNA) and on :zuman genon ECDRRIY/BHdkd
on the genom c sequence fro: the EMBL/ GenBank dat abase (acc. no. AC005038),
the fragment to be anplified was predi dedto have a G+C content of 76%
Therefore, anplifications were dons using the Advantage- GC cDNA PCR kit

(C ontech Laboratories, Palo Alto, CA, USA) optimzed for the anplification
of GC-rich DNA sequences. PCR reactions were perfornmed in a total volume of
50 ~cl, containing | x GC cDNA PCR reaction buffer, 0.2 nMdNTP, 1 M

GCMELTT' ", 200, pikghaRhi 0BT snBNEaR3 AN R¥iapland ude 11 AdMantage Kl enTaq
pol ynerase m x and 1to5 ~.1of cDNA or 0.5 ~cg of genom c DNA. Sanples

were heated toPYb&Li¥e S5taFR afdt&¢cMatiRaP Rl s of S 4bndigategchbyl nin at

58C and 40 s a&n7$§559r @ﬁec¥ﬁb%§ dﬂdgéf%éd'Evségfﬁb0£e315hasat 72C.
Sanples were finally treated wits 2.5 nat’i ve qBGE ﬁpol ynerase to add
T

an A 1 0 JANcheoacherberdgosor- a3 m@mwmm afighipgRageoduct s

were anal ysed r 0ge el r{t'la@( N- { 4

Tri s-acet éJétte ?Hﬁ?ﬂcé}%ﬂ""%s ?g% sal F% epH 8. JA@(%&% g%?réntggn%/?ttehés
expect ed size ¢495lbpynderdisgdised from t he gel and 5 purified with the
Q aqui ck gel extraction kit. The PCR fragnents were sequenced to confirm

their identity and cloned into the plasm d vector pCR2.1-TOPO using the
TOPO TA cl oni ng kit Fagooediéng iso amndflactturarion i okt thet cobmsmoApprdxi mat el y

20 ng of puri f&§gag&%gﬁgﬁe%§ YRS G rg}l&%_q,l bé@ éD %J_:;rgrg:% 1- '£Q§O vector in

a total vol une actions were i'hcu room errperature (200
for 5 mho 2 ~mapbinkhereeadtisol owagriavamsf Eaxdd daot oré'@?é@Ehtsortrpetent

cells (Invitrogen, BY) L heat.- sh ktra sfo i on ated 10N 2x 15
YT/ anpicillin g&&?& §E§B| SHEaRRAE W S ﬁéand Ff’f‘ g xdgal for

bl ue-whi te screeniipg. pBhi. Bepdal.oniBds Eaa‘a:rmle)vef nFohH gapmihgwere pi cked
fromthe plate r,QWn |um nted with 100 ng/1
anpicillin andEBF’géfﬁ dTbﬁAﬁﬁlﬂ-p&a&ﬁu @“go&g@p?égn\%%% ni prep kit.
The presence okthadmozsaet 1of Thiae m@act;mi—lsl zﬁums thaf Eanedmiy otast ri ction
di gestion_wi th ECORI The asm |n,se t of vera% BOSI tive cl on;s was

sequencedSand £HIUSH asltﬁéB Sedd: R g PRENALA8FRMY &9 gnnent

25 program TOl@{léthlrfya@dIrbmmdicﬂ_d,l ng sequence for the novel GDNF
honol ogue, a fragment with an expected size of 931 by based on the
EMBL/ GenBank sequence (acc. no. AC005038) was anplified by PCR using

primers PNHspl 30 and giMdapl.. iRCRA eaclionsavese PErtapiedsiikbna Jrot al
vol une of 50 ~1, cantal ni ng | x GC ¢cDNA PCR reactio:~ buffer, 0.2 mM dNTP, 1

M GC- MELTT , 200VidR 4 Gﬁ- ST IENHRBIA e PRREDE , (B) <1 (87 - Ad¥FaAnt age
KlenTaq 200 OQ/R482Q 1 b3t analysis of tissue expression of Enovin.

The expression of Enovin mRNA in different human
tissues was assessed using a probe corresponding to
part of the coding region of Enovin (including the
region coding for the mature Enovin protein) to
25 analyse blots of human poly(A) rich RNA. (A) Multiple

Tissue Northern (MTN) blot; (B) MTN blot II) Fetal MTN
blot II. Panel (D) shows an autoradiography of the
human RNA master blot probed with the same Enovin cDNA
fragment. Panel (E) shows the location of human tissue

30 mRNA samples on the RNA master blot from (D),

Figure 6: is a graphic illustration of the total

survival of SH-SYSY cells after 72 hours treatment



1 0 JARPJ 2003 PCT/ EP99/ 0~031 polynerase mx and 1 to 5 /.cl of cDNA from
cerebel lum frontal cortex or hippocanpus or 0.5 ~cg of genonic DN JAN 2003
Sanpl es were heated to 95C for 5 mn and cycling was done for 45 s at 95C,
1 min at 58G/@@6odessi N 30 5 s at 72C for 35 cycles, with a fi mar/epsef 7
mn at 72C. PCR products were analysed on a 1% (w v) agarose gel in I x TA~-
buffer (40 mM Tris-acetate, 1 nM EDTA (Xodiumsalt), pH 8.3). A second
round anplification was performed with-nested priners (PNHsp2 and PNHap2).
10 1 ~1 of the first round anplification reaction was used in a total

vol une of 50 ~1, containing | x GC cDNA PCR reaction buffer, 0.2 mM dNTP, 1
M GCrl ELTT"", 200 nM of primers PNHsp2 and PNHap2 and 1 ,ul of Advantage
Kl enTaq pol yngrase mwa@mb@sawer%hee@uf%@c&oo%gn&efa%n Hdyeand cycling
was done for 45 s at 95C, 1 mn at 58C and 1 min 30 s at 72ZC for 35 cycles,
with a final SEQVh cmnﬂhlat S?QElVSé\rrpDé§mﬂérl§ee§inéloy§é@ Genal irw v)
agarose gel in, ff yvf E@ Nt,$0%y5 tfi}% exRecked 870 bp)
wer e exci sed fromt‘ﬁﬁagg g:gpurl ?Ed Wle . rQ q%i %% ge e5§<tract| on
kit. The PCR fcmgsremshw%5e‘4s@Qaém@ééomn@ohﬁfpmet ﬁ@prlucaémqrt wf treated
with 2.5:U of oly sg.an oRe l.asm r | - TOPO
usi ng the5 TCP %gl on?%\t'g Q agégbd:ang ifke rlllfzfth:)ltur%e 3 g%tnl%nssﬁgjgtl ons.
Appr oxi mat el y Qﬂcngpbﬁtpurlﬂeed finejgﬁﬁnt d\m’s denmsiheeat /Wi t h 1 ~cl

pCR2. 1- TOPO vector in a total volunme of 5 ~1. Reactions were incubated at
roomtenperature (20C) for 5 min. 2 ~cl of the reactions was transforned
into TOP10F' conpetBagucel M's dsi ag g3@phdéat repass antartsifar et itdre and pl at ed
on 2x YT/ anpicil pl at s l, t I Yo (W \) X-aal
fox bl ue-white ‘s%?%%n%’%g?ﬁ%igggl%ge%ﬁ%ggwgégté\%ﬁ\ﬂﬁp %O%q\%)t %ﬂ?we aa) cked
fromthad 1 (hadhs 1683n¥uoide/ Gm(ﬁmowt&SofP@'E/aElrlé&ﬁq’oﬁﬁﬁ&l -pl ates, grown in
5m of LB nediupmsu enent.e 100 /1a i.llipn.an pIasmdDNA
prepared usin Itﬂteﬁggjﬁ?ggegpgﬁ l%er |pr t B Clﬁ?esd;ﬁcce 5’f an insert of
the expect ed s&a:edmﬁononffl soReeby . resu-!rqsoftswom:ealch gastion with EcoRl. The
plasm d insert of seve sitive clones e ced and the sequences
conpar ed usin T%E g aFAFafPgnme 2 Y5r &dmgmz%ﬁﬁg 53:§usrocfp éndtfi n gene
expr essi on by ﬁ@:RIePQRaaﬂahxgsrtsue dsi g\@mxclee@iaﬂmq@m Jrerrss BNHsqs3 @inee PNHapl
(see tahle 1) were used ort i.fic PCR | ifi of a 502 by

fr agmentt Zfrom%%trFﬂi'P af‘?ﬁl %é’t%ll&ﬁsmigse\%%tp&f?%rm on human

nul tiple tissugceDNAsHNECnE' f spameiug . non\rmjm&@l Iemdthe :rﬁ?hsb%lexmraséd on

| evel s of six different hogiﬁéeepl es. PCR react S wi th enovin
specific prime?3 der &SpEF tot T, I URF PR F /£19™ P¥nit ai ning 5

~l of CDNA | xekfbeebhAn2e BERfigarld dm kifiacatk 2 MdaNERd stV GeMELT T™
400 nM of prinmers PNHsp3 and PNHapl and 1 ~cl of Advantage Kl enTaq

pol ynerase mi x*Ss8RBFas were heated to 95C for 30 s and cycling was done
for 30 @t 95C and 30 s at 68C for 35 cycles. Sanples were analysed on a
25 1.2 % (wv) agarose gel in |x TAE buffer (40 mM Tri sacetate, 1 nmM EDTA
(sodiumsalt), pH 8F3puass iSmided & alife Qe“tarﬂl’dlt%nﬁeaﬂliﬁﬁ?fét%ttla‘?%oogel s were

obt ai ned using.aa EagketEve |e|no\&1(§1e(br§)b%tcﬁlrﬂﬂe§té@it&g%‘@,véﬁo]@§|@e7CA
USA). 30 Simlarity searching of the daily update of the EMBL/ GenBan'.~c

dat abase with E¥BeRunan neur:.urin and persephin prctein sequences yiel ded
a genom c DNA

25 Figure 19: is a graphic representation of the
effects of enovin on taxol-induced sensory deficits
using the pin prick test. Given are the average (1 1
SEM) cumulative scores over time of rats treated with
either 2 different doses of enovin (23 or 130 ug/ml; n

30 = 10 rats/ group) or vehicle / saline (n = 20 rats)
after taxol. Enovin or saline / vehicle were injected
in a volume of 75 ul in the subplantar area of the

right hind paw.



1 0 JAN 2003 WO 00/ 04050 - 39 PCT/EP99/ 05031 sequence coding for a
putative novel protein simlar to the neurotrophic factors GDNF, NN ANHA0
PSP whi ch has _been called enovin (EVN). Additional database h I

sear chi ng usvﬁﬁﬁﬂﬂgﬁgenonic DNA sequence 5 surrounding the regggﬁgg%gwﬁb
for enovin yielded several expressed_§%gfqpce tag (EST) clones derived from
different human tissues (prostate epithelium[accession no. AA533512
(1D1322952)], lung carcinoma [accession™no. AA931637] and parathyroid tunor
1G [accession no. AA844072]). These clones contain DNA sequence outside of
the regior_ of honology with GDNF, PSP or NTN, but confirnmed that enovin
MRNA i s excressed in nornmal and tunor tissues. Initial PCR anplificatior_
using priners (PNHsp3g®5eand: PNFapl Pronbdd aerres egdmrdriian sequdrece yi el ded
a fragnent of z¢£500: 0y Er@gLishus tah _hrai PILQSL .al_ cortex,

hi ppocanpus, c%regeFPuﬁ1cDNA and Pr%%ngeno#?g%BﬂAF%bS?hﬁﬁfL%ﬁﬁg% %Jng cDNA.
Cl oni ng and sega&éngethaabysi profkt hese .f CigeenteseyitdlededreardddA (20 lsequence
of 474 by that n kLo di d t ein uence .of ., 139 .am no
acid residues ?%@?uépﬁgﬁggég% ggﬁg%%vggggygﬁggngfré%ﬁ%hggx¥ﬁ§¥%é?egﬁstic of
all the nenbersibherhé tiéfistenti dgsgsownth ehactior (23 BE-1D0 fuayinly of
proteins (Kingsley, 1 ) (Fi.gure 25 1).. ,The sequence al sq caontai.ned a RXXR
notif for cl eavagé b %SZeg%nggnﬁan h&,&&e émsr?glga d(npo'sicbtol §F923 to 26)
(Barr, 1991). Bes$brel anxoleafageisi e isalimnesentvelhidllee WeINF,indyBEdtaad PSP

tei t bl it in.th domai . 30
Assuri ng_cl eavae®oP HRESeROVI'H Broddmirt GEER'E Ee R S it T vivo, the

mat ure VN prot eiighgseftiiedcpaeont ains 113 amino acid residues (residue 27 to
139 in f%@ure 1) and has a cal cul ated nol ecul ar mass of 11965 WD 00l 04050
- 40 5 15 ~ 0 JAN 2003 PCTI EP991 05031 Da and an isoelectric point of
11.8. There is one pagemei ah :Nigl wcomy aldq@ende & Preasanini n M nature
sequence (NST at am no acid position 1 45?. Mor eover,, several regions

| -1
conserved bet we8RSERSURRtERANSNGEMY3St APNE HORGWR Yn SRd ot td Fadtidds GONF,

NTN and PSP wepegrals@npr pgehie rish PRMSESN affid FwHapd) onlahinar? e zes the
results of the conparison of the nature Erotein sequences of the GDNF

fam |y menmber sCBY *€He CBESTRPE SPRoGHEIAR GBH FiMPARY per cent age

simlarity arecsbawng, Theq@ehce NAN1yRIR and B¥MpmiiWeh sequepces used in
this conparison startfed at the first amp acjd residue follow ng the RXXR

cl eavage site. F$aBLEADRE PEANRINSE Sconpdys SFFLBCLRL FEMURFHEGGDNF fanily
menbers using &eguéﬁ&?ﬂﬁ BhegHamb SATRAE TR =2dudeidd tao:S dHdndary ty EWN
vs GDNF 38.8 47.
splice variant yielding a functional Enovin protein
after translation. The nucleotide residue number is
20 shown to the left of the DNA sequence, whereas the
amino acid residue number is shown to the right of the
translated protein sequence. 5’ and 3’ splice sites
detected by comparison of sequenced cDNA fragments
with the genomic sequence are indicated by vertical
25 lines bending to the left or right, respectively, and
are numbered consecutively. The putative RXXR furin
cleavage site for the prodomain is indicated in bold
and underlined. The putative start of the mature
protein is indicated by an arrow. The seven conserved
30 cysteine residues characteristic for all members of
the TGF-B family are indicated in bold. A potential
N~linked glycosylation site is double underlined. The

5’ and 3’ splice sites are numbered and encircled.



20 EVN vs NTN5156. 1EVN vs PSP53. 357. 8GDNF vs NTN44. 857. 3GDNF vs PSP44. 350
NTN vs PSP 50 54.4 25 Fromthese conparisons it is apparent that 1bheANEINIre
enovin protein is nore closely related to persephin and to neurturin than
to GDNF. Anplofooo#dsoon, cl oning and sequence anal ysis of a 3CpCaiEges05031
fragnment of the enovin DNA sequence fromfrontal cortex cDNA using priners
based on the genom c EMBL/ GenBa: -: k seqg@@nee (acc. no. AC005038) yielded a
WO 001 04050 - 41 ., '~ 4 J~iV V03 PCTHEP99105031 sequence of 819 by
(Figure 3). This sequence contains a putative ATG start colon at nucl eotide
positions 3032 and yields an open reading frane (reading frame A in figure
3) that extends up to a stop colon at 5 nucl eotide positions 285-287. The

translated protein seguence®f {hig, reg Qb #PL5-H0L£S Lot larity to any
known protein in the dat abase,s.l Tr a,nslleg%i on o ?ﬁescﬁwggégghgelo?n t he
second readi ng FERr¢reERoNit riemel ® ivarignke B) humpdstaspuedi.ct ed
protein 10 sequenc e @M | I . i S.S contains the
RXXR cl eavage s(?)'ltﬁsees(c%g%l tllb%%lfégﬁ %&%ﬁ%ﬁﬁﬁl—g?%og???gﬁgﬁeo- 471) and
t he sequence cdrdesspohitehigey RTHRCRegxper tnevin €iyoelnevipospeicdiiB47 to

BLSO: nuckeot | e ppsiLian AR~ S0y dhergpem: 4p.gadl AgLEape Lagluding the

RXXR cl eavage e and the mature enovin codl hg Seéquence ex $°Prom
nucl eoti de posifdlomd3d ¥yprebwdewy Mndnséquénageasadbpsiel of) PCB a st op

colon at positign 811-813, t. does. not ajn ATG. col on fof,,a starting
met hi oni ne resik uoea.8u 1-F1§32C %lﬁéjm%"g%/ V\Jn‘é]% Sprg(?‘ggep i B %?\fl g%gné{)pét gpe 1998)
we hypot hesi ze ddminanl ims ptemsskentt s orhe SEpoesengenomi hesegjienicey of the

MRNA transcript fron1th§I§V ggne. GONF. a d NTN_al aah ve_an intron in
their respectlJ@“%ﬁgﬁ%hﬁl% ch%gﬁb e ons ?k%?sﬁ§ﬂf?a 88 8F°P £8891 25
Heuckerotllp et af ,tHd9%arTotviieatecdhe Bxosienceddhgdsttaeane aRNA
Situated at {n@S TG o TR Eralt TEEout HES sCaBinEeoPBet 24 8755 possi bl e
Ups.t ream 30 ATGrdicéteol Olﬂ‘lﬁepriti@mlit %p%fSth@Cﬁi@GEeTSSoGECtAéCPé@Q AGG
2t the 3 ond (AT PAPRH AT oot Se o forCPRFMpS Hs8d F4AMSAd], o
racy 2a03 WO OQd&ébe® RNA2togPEHEERIPEN593100 bp DNA ladder. The
15 position of the different mRNA variants is indicated
together with their size (from start to stop codon).
The translated proteins are shown on the left hand
side. Boxes delineate regions represented in the
cDNA. Dashed lines represent spliced out genomic DNA.
20 The shaded region represents the mature Enovin coding
sequence. The dotted line marks the start of the
mature Enovin coding sequence. The two transcripts
capable of yielding functional Enovin protein are
indicated by an asterisk at the left hand side. (B)
25 Tissue distribution of the main spvlice variants. The
photograph shows the PCR fragments obtained by RT-PCR
with Enovin specific primers on different human cDNAs.
The 4 main splice variants (A to D) are indicated by
arrows at the left hand side. Sizss are indicated on
30 the right hand side based on the 100 bp DNA ladder

used as size reference on the gel.

Figure 23: Predicted protein sequence of the long



Experiments were perfornmed on human nmultiple tissue cDNA panels (C ontech
MIC panels | and I1), on a fetal hear cDNA library (C ontech) and @n A‘ﬂ%@
derived from human cerebel |l um hi ppocanpus or frontal cortex 5 (l\/?a Jr

al ., 1998). woiooms0oso PCR reacti ons were perforned with prinmersPPRNEPHBIFAU
PNHapl under GC-rich cond' _~ions (Advantage GC-PCR kit, C ontech) for 30
cycles (95C - 30s, 60C - 30s, 720C - -1 3% m as described. Nested PCR
reactions were performed on 1 10 ,ul O~ the primary PCR product using
primers PNHsp6 and PNHap2 under the same conditions for 30 cycl es.

Resul ting PCR products were anal ysed on a 1.5% agarose gel and ranged in
size from+ 3S0 by to + 800 bp. Several bands were purified fromthe gel
and the PCR 15sf1 agk bsmgn@eaaenﬁedldl r @Gl neSamBy, M1 & edy PCRpEREA~~tS
-were also cloned in vector pCR2, 1- TOPO' (TOPOTA cl oning kit, Invitrogen) and
t hen. sequenceto StQtEARE 5%’19’1“y§h§ DYAT BRAEENCRe ki fstenee B - di f f er ent
MRNA ol ecul esggontai Bk pasERoYi AngequencareThe 20 wbtalned. f 138 pist
sequences were conpared with the genom_c Enovin sequence. This allowed us
to identify sevREaPnpaBgi BPéisce gages S3pld @@dkidt'esd i3re hese@nbai ¢ sequence
(Figure ) S p i rre d ons S sequences
for dono%and%émgggegggrgggspgeagl%trgg (Sgﬁg%a?%ﬂé§%§§ i SﬂﬁﬂM B. &
Harris, N L. (2999¢hcephR¥énpundt POR®, rigasiicly ;feiame ﬁQ@Bﬂgaﬁ@reRbﬂs
sequence stati o | igeatj 0 > genone proj ect .

~!l et hods Enzyrr%%é fﬁtgéhg\]g%%?éga‘% d?? e:%g'%t nO\ﬂ nnds%c%o Ice variants 30
identified and their presence in difTerent human tissLas are sumari zed in
Fi gure 22. Onlytvvor e s tr r.i_pt i func c: ~al
Er.avin prote=n upon {;r %%s gtl g%g??%r%n%dhgarﬁ% rptszer%/deg%gongp 5{?\0 001 04050 _
93 1 0 UAN 2083tPCHAERP9®/ 15D81tThesd itowo viardrsdr iqat sErc@*clieﬂfoobpamhedns of
228 or 220 am nho acikds, _re ctivel redict ed pe tldes of 47
and 39 am no ag?/d P"e%Fa gs%B?I'hqe:hpre‘é'loctﬁeig preest eélitn setafheg@e% of TPfiBSE two
variants are 5Soshswguire Bilgur 8p23cEl eigesars 'arit Jarahd3 Fuaee 2dséghoot

t The | be deduced, f th Fi
21 by spl i ci ng"BUEYEREPE| P4 ShnERGACH! FDAFIIE B Eahnt 3.4 8nd The.

second intron ai:eSusBdalnd Jemdvelpbre tsrea:micaturmrcnf thBh:b@eﬂeeeadsngnlo
frame, the predi Chﬁ rotein sgguence of Fi ureaF:F bt ai ned.,. The shorter
vari ant tan be®d& eﬁl“&ﬁﬁc?h BRR %S EJushEd df° ‘g’h‘-’re ZAMECRBEE- ng out
the first lntraaraithleoeaioi ansind al:lar\cfe%x&earptdm:secm\dnla}bboa at 5'-2
and 3'-3. Upongéransl atign of the open 15 reading frane, the gredi cted

protei n sequend8isf PECGGLE S2ENGH HFSES ThTHoMy et ¢ r RS EYIEE seens to

be the nost abuBgaateldn tDghet isssuRhRS Jfudgesiky 2he band intensity in
Figure 22B. The shorter transcripts 20 result in frame shifts yielding a
translated protein mssing the mature Enovin am no acid sequence honol ogous

with GDNbp NTN and B$BurEhestwa ssmpldreghiid angofdfdsteveonnbsscpart of the
mat ur e codi ng sequence including two of the seven hl%?lg conserved 25
cysteine resi di€8s4 rcege.beaz@eds FRE P ST Bt it hECn&PRP&BFi ce

variants in dithereatnumayz @xwée%ld%ur&ﬂl@m}lﬁmw@om H$sexpegssed in

al nost all issues tested, including brain, heart, kidney, liver, |ung,
pancreas, skel 868SURusciEBOVAS Gmd FARRMI9XRERTSIOMel S pé?Pﬁﬁé?&Fegl é8d

| eukocytes, spheen, thydus, rirnoszte%t;?ectteosslnm&\@a seiegegae apd fetal

hear . In some human tissués (e.” g. cerebellum hippccanpus;, only
non- f unc2bonal Adriedmnerdss Oe@tﬂacﬁebe 1 0 J AN 2003

Figure 26: is a graphic representation of the
results obtained to detect levels of expression of
enovin and GAPDH in Parkinson’s disease and cancer.

30

Deposits

Plasmid EVNmat/pRSETB including the DNA sequence



WO 001 04050 PCT/ EP99/ 05031 - 44 anmplified by PCR To our know edge, the
occurrence of non-functional nRNA transcripts to such an extent h ﬁ.@ﬁ;ﬂ
been descri bed before. The biol ogical significance of this finding 'WS
to be studi edo obvodst hough t he expressi on of NTN and PSP in di pEeEesdo5031

ti ssues has not been fully characterized, their expression | evels seem nmuch
| ower and the expression: nore restri—ct33 40 certain tissues (Kotzbauer et
al., 1996, Ml brandt et al., 1998). 10-Reconbi nant expression of Enovin in
E. coli Construction of an Enovin expression plasmd A 414 by PCR fragnent
was anplified fromhuman |5 genomic DNA with prinmers PNHsp9 and PNHap2®
(Table 1; and cloned in vector pCR2.1-TOPO using TA—cIoning (I'nvitrogen).
The sequence S S f sequ si s., One cl one
cont ai ni ng anq%ﬁé£§£h€n§ﬁ6¥ﬁ§ Eﬁ%glﬁégggégﬁgugggggﬁg gkloﬁﬁkﬁb) was used
20 for subsequ%mme@@n@mrﬁ@timeBB9éh,e&pre®si@@h@tmnn@nof&mmanedmﬁs wer e
desi gned cont S at_.their 5 ends. Forward
pri mer PNHexpadﬁf%%éPgﬂééGgEAaﬁf% %EE%%QG%&% G AR § i ned a
BanH| restrlctvmmmsmobe¢uhderé|ﬁeﬂ;aamddéﬁcpéugksaeprmmmm PNH@mm-apl (5'-

GCC TCG AGT CCG t Xhal t t
site (algB uﬁ?ﬁl Ti hed $i§ﬁ§%g t gggégFF%eégconﬁgf% 5 chg %&%ﬁrggd:gg for

mat ur e Enovi n {lposBidapes8i Toedl? of EBgApeil) 1y anpllfled from cl one 36.
The PCR 30 reaction was perfornmed in a total volunme of 50 ul, containing ~X
GC cDNA PCR reaction buffer, 0.2 mMdNTP, 1 M GC hl ELTT"~(, 200 nM of
primers PNHexp-spl @at8rial® 2040488Hcds0 JAN 2003 PCT/ EP99105031 - 45
PNHexp-apl, 1 ,ul of Advantage enTaq pol ynerase m x and 10 ng of plasmd
DNA from cl one 36. Sanples were heated to 99C for 5 mn and cycling was
done fory A5 s at 94C, 1.,0p.aL;38C and 30 s at 72C for 25 cycles,

Native Taqg polymerase, ampicillin, IPTG
(isopropyl-f-D-thiogalactoside), X-gal (5-bromo-4-
chloro-3-indolyl-pf-D-galactopyranoside) and all

15 restriction enzymes used were from Boehringer Mannheim
(Mannhein, Germany). 10 mM dNTP mix was purchased from
Life Technologies (Gaithersburg, MD, USA). The TOPO-TA
cloning kit was purchased from Invitrogen BV (Leek,
Tne Netherlands). The Qiagen plasmid mini- or midi-DNA

20 purification kit, the Qiaprep Spin Miniprep kit and
the Qiaquick gel extraction kit were purchased from
Qiagen GmbH (Dusseldorf, Germany). cDNA libraries,
Marathon™ Ready cDNA kits, human multiple tissue cDNA
(MTC™) panels I and II multiple tissues northexn

25 blots and the Advantage-GC cDNA PCR kit were obtained
from Clontech Laboratories (Palo Alto, CA, USA). All
PCR reactions were performed in a CGeneAmp PCR system
9600 cycler (Perkin Elmer, Foster City, CA, USA). LB
(Luria-Bertani) medium consists of 10 g/l of tryptone,

30 5 g/1 of yeast extract and 10 g/1 cf NaCl. 2x
YT/ampicillin plates consist of 16 g/l of tryptocne, 10

g/l of yeast extract, 5 g/l of NaCl, 15 g/l of zgar



5 wth afinal step of 7 min at 72C. The resulting 50 ~cl product was
purified using the Q aquick PCR purification kit (Q agen) and the W 2
eluted in 30 ~1. 25 ~cl of this purified product was then di geste(] Pﬁu\%
/.cl reacti oRowoioloshbO U of BanmH and ZO U of Xhol in 10 | x bufdemE®9/05031
(Boehringer Mannheim for 1 h at 37C. After electrophoresis in ato (wv)
agarose gel in Ix TAE buffer (40 mM Tri g3acetate, 1 nmM EDTA (sodiumsalt),
pH 8.3), the expected 353 by band was excised fromthe gel and purified
using the Q aquick gel 15 extraction kit. The resulting fragnent was
ligated in the vector pRSET B (lnvitrogen) linearised with BanH and Xhol .
The insert of the resulting plasm d construct (hEVNmat/pRSETB) was

confirnmed by coppl §iy@ seguer Cfﬁaqf&ai'cyizl:liiine-me resulting construe codes for a

20 146 amino acid protei’n with a-“pre d nol ecul ar mass of 15704 Da
including an NH2-term nal 6x His-tag fused in frane to the mature Enovin

codi ng sequence. The NH2-termninal, am no aci d sequence of the resulting
protein is thus 25 %mm&m%mﬁm?mture Enovi n
sequence in bol d, 6xddmdiaggnderlined). Expression of Enovin in BZ21(DE3)

E. coli cells 30 Reconbi nant production of Encvin protein was perforned
essentialby as described for Neurturin by Creedon et al. (1997), with

nodi fi cations. For 0 - 3 ER99/ 31
production of r ecorrﬁ))ig%élr% \égﬁo%ogn%gfegcteeihﬁ?n&{rﬁegolpf%,‘:mg%{)ﬁE&C\ﬁ_rélt E%Fég%g was

t ransf or med i nnEuroslriopdtircife Bl (OERNF { Noveges) omndo grodn748) ,
2xYT/ anpi ci | i p-nedi (1 lo nt.o f y extrac~, 5
g/ 1 of Nad angeﬁdu#gpl oﬁ{a’npa}{:(ﬁtsrléi/ln ngfo.sé%?éégf)r%nsj %?'?%7&?%%500 rpm
to an OD600 of (&FpProxiorstssl yor).ro prAakF4 G 2addiRiidndefiv@dGtotaihi nal
concentration of 0.2 mMto induce expression. ellets re_harvested
by 10 ceﬁ@ri fua’gtqidoer?%e& Iaosvx,iqnugerjf%&)L%ennacuec%’i oanc%ﬂéé?gd,(éaéﬁﬁ\ggoﬁf h
phosphat e- buf f adledns@ntneSearrit ridaigedh bmnskisi bred 41 0zend96pr spaetchi cati on

and refol ding, cell | et s, were resuspended.in sopicati ffer 0 nmv

Tris HCL, prBHES B66 BRITIGI0T FARICE TEY IR Hanof ie 16MRP (pegaahk

i nhi bitors (CompeneBMqreeasesddiinid otagotks ) | aha@bgerbmi &Boehri nger

Mannheim 1 tablet per 50 m buffer) and 1 ng | ysozyme per 500 ng cel

pellet). Cell sgﬁéraé’acﬁessr'upt ed by sonication and inclusion bodi es harvested

by centrifugation. Iyaeliusicotab@iesr 2k awdsice 4l s ok veer apgméacubahgd in
buffer A (8 Murea, 20 nM Tris-HCL pH 7.6, 200 pM NaCl, 1 Hgb
2-nercaptpethaﬁl3 QQH?WﬂFrﬁ?ﬂ%ﬁ?%ﬁdﬁﬁh(ﬁcf%ﬁ%ﬂﬂ?nﬁotOAEP- A8y 88Fn

(nickel nitril gkricach! IFEBCigheddmgeln) . t ¥ tesnBHn Wi BathBkE80anl 37C,

sanpl es were X . .

showing homology to this genomic sequence were
detected.

20 The percentage identity and percentage similarity
between members of the GDNF family was calculated
bypairwise comparison of the sequences using the
BESTFIT program (Genetics Computer Group sequence
analysis software package, version 8.0, University of

25 Wisconsin, Madison, WI, USA). Alignments of DNA or
protein sequences were done with the ClustalW

alignment program (EMBL, Heidelberg, Germany).

Oligonucleotide synthesis for PCR and
30 DNA sequencing.

All oligonucleotide primers were ordered from



25 washed once wth buffer A and | oaded onto a 5 m N -NTA colum, The

col umm was washed successively with 10 col urm vol unes of buffer Al 018N 2003
c¢ol um vol unes of buffer A at eH 7.2 and 10 col um vol unes of buffer A at
pH 7.2 + 10 widomuekazol e. The Enovin was eluted 30 fromthe c®CI/ERIO5ILA
col um vol unes of buffer A at pH 7.2 + 200 nM i m dazol e. Enovin refol ding
was performed by stepw se overnight dial34is at 4C in renaturation buffer
(0.1M WD 00/ 040S0 97 1 0 JAN 2003. PCTI EP99105031 sodi um phosphat e,
0.15M Nadl, 3~cM cysteine, 0.02% Tween-20, 10% gl ycerol, 0.01M Tris-HCl, pH
8.3) containing decreasing anounts of urea at each step (6Mto 4Mto 3Mto
2Mto 1Mto 0.5Mto OMurea). The 5 purified protein was aliquotted, stored
at -20C and fur I o] ysS cali zation of
t he Enovin genetErEllo d,bé\%%%ff (Iz(bsefrr rl%% %'1951 e En%r\%%%%g%glgnpl ified from
cerebel | um cDNAS@S!uﬁglqdmgrr@erIFE\m( 7()1—55-plan(d5 16y QCRMEGP Cine CAAEAET CAA

CTC CC -3") and @qg% %;I ﬁhﬁ% 3 € ned on
t he sequence of acceSS| 5n n%er f%fg%@ %gre%cgl‘?)‘lﬁgms

performed in a tpcrmiar\ﬁcﬂ mmmfamﬂﬂlp-c?cmt@n nt QP | o Bxapagndichange Tenpl at e

(PgRo:]'?ggLI gbglrjf l(;ear %qg@fﬁgp%l pr| a@%/%@ﬁdl\gg %%ll%gbwzgl((j 1 ~cl

of cerebellum Z(Gaﬁbl\athy JAfaretr racoveEnddlf @dmithatcOUGingd. ¥5 B¢l wdf TExpand

done for 10 ¢ G2 99" 30 & M B Tl o et "RRLFLS BRen 20

addi tional cycl eés.onere performed increasi ng the 25 extension tine at 68C

with 20 s every cycl A final 7 m q:e]d) i al so_inc] uded. TQe
Fesul ting 5 3 kb 11 agiRENID G ATTRAPTA (452 5| SRF SPRPSbE oS RaBd8. 856
agar ose/ TAB gel @wichs e BIN preicinoB ipfiRZ: IedPOhaso ngC At €l sagagncing

(I'nvitrogen) npl et e, sequence anal ysi s he 3. t of one
cl one confi rnegqiltﬁtarfq]ew difeft Ps%‘&fe%‘g éjc%?Y%Ef)rBﬁdéz§§ t he genomic
sequence in the JVBlerttsd mbeser iac @iasd on ABRITHERL v ACDOB03BYstdp Chtypns were
spliced out in the CDNP. WO 001 04050 _
A, USA). The Sequencher™ software was used for
sequence assembly and manual editing (GeneCodes,

15 AnnArbor, MI, USA).
Cloning of a novel GDNF homologue.

A DNA region spanning nucleotides 67411 to 68343
20 of EMBL accession no. AC005038 of which the translated
protein sequence was homologous to mature NTN and PSP
was used to design oligonucleotide primers for PCR
amplification. The different primers used are shown in
Table 1.
25



- 48 1 0 JAN 2003 PCT/ EP99/ 05031 obtai ned from cerebel | um cBNA. N 2003
Chr onosomal mappi ng studies were carried out using fluorescent in J qgﬁ 0
hybri di zation (FISH analysis essentially as described (Heng et al., 1992,
5 Heng & Tsuwp ab@3630. Hurman | ynphocytes were cultured at 37C POT/EF8Y/R3h
before treatnment with 0.18 ng/m 5-brono-2'-deoxyuridine (BrdU) to
synchroni ze the cell cycles in the cetl3popul ati on. The synchroni zed cells
were washed and recultured at 37C for 6-h. Cells were 10 harvested and
slides were prepared using standard procedures including hypotonic
treatnment, fixation and air-drying. The 3.3 kb probe for Enovin was

bi otinyl ated and used for FISH detection. Slides were baked at 55C for 1 h,
treated with Riasaeand JEEn@Ie&et W 807 Q% ardrard 1ﬁ83<tﬂ9:%@t (20X
NaCl/Cit being 3 MNall, 0.3 Mdisodiumcitrate, p for 2 mn at 70C
fol | oned by deﬁy@@mﬂnﬁﬁ\mﬁﬂﬁQﬂQ&ﬂﬁﬂ The probe was denatured prior to

| oadi ng on the denatured chronosonal slides. After overnight 20
hybri di zati on, slides were washed and FI SH signals and the

4'  6-di am di no- i 0¥§1B%de—' akLern were recorded separately on
phot ogr aphi c fi S ars

chronosomgl banggpegs achi eved byc@gmgcgupggggmgantchaH_sggnals 25 wth
4' | 6-di am di no- 2- phenyl i ndol e banded chronosones (Heng & Tsui, 1993). Under
the conditions B§é$p2the hybbfdrzéGCéﬁCéAAEGCéﬁEﬁT%@§G§ﬁ®£@xFw@ﬂely 720 for

this probe (anmon checked, m ' Lgur f _them,showed signals on
one pair of t hef % sones): 30E§%h§gEFﬁgGiaG§Z§ﬁ§ﬁFdanl2 phenyl i ndol e
bandi ng was usegytQjdentifysthe speehtbecelrenBeerRrckhe assi gnnent

bet ween t he srgnal ro. the probe and the short arm of chronosone 1 was

obt ai ned. The detaidad WO 601 64G8BGGAABAGECACEANT20G8 RCR'EP99/ 05031
position was further determ ned based Egon the summary from 10 ph

addi ti onk® condPNH@P2 5 | ocabéd-afCeLARBFEABRCEBCTSEAG aphs ' (Figure 4A).
There was no | ocus picked by FISH detection under the used, therefore, we

concl ude that Enovin is hu ion p3 3 p32 Ap the
mappi ng results is %‘? :E\ﬂ-lsrpri ad?ﬁgé@% eg: Lh% %1? Yife

Nat i onal Cent erfrfaﬁmeartotﬁ:rﬂuﬂ ng dmfcﬂwmatdmx(d\dcafrorﬂocilfferent

htt p: //mmmrncbr nlnrnrh ov/g p).. it can he deduced that the genomc
cl one cont ai ni A~ %ﬁ?q“ cter?]éNBL Og]ceesi‘?tolhs ’n%%?t%EﬁOgﬁ%) is
| ocated 15 lung Marathon Ready™ cDNA (Clontech Laboratories) ,

frontal cortex, hippocampus and cerebellum cDNA) and

ava -_— as~Eala AV

on human genomic DNA. Based on the genomic sequence
from the EMBL/GenBank database (acc. no. AC005038),
the fragment to be amplified was predicted to have a
20 G+C content of 76%. Therefore, amplifications were
done using the Advantage-GC cDNA PCR kit (Clontech
Laboratories, Palo Alto, CA, USA) optimized for the
amplification of GC-rich DNA sequences. PCR reactions
were performed in a total volume of 50 wl, containing
25 1x GC cDNA PCR reaction buffer, 0.2 mM dANTP, 1 M GC-
MELT™, 200 nM of primers PNHsp3 and PNHapl, 1 ul of
Advantage KlenTag polymerase mix and 1 to 5 ul of cDNA
or 0.5 ug of genomic DNA. Samples were heated to 95°C
for 5 min and cycling was done for 45 s at 95°C, 1 min
30 at 538°C and 40 s at 72°C for 35 cycles, with a final
step of 7 min at 72°C. Samples were finally treated

with 2.5 U cf native Tag DNA polymerase to add an A-



on chronmosone 1, between markers D1S2843 and D1S417. This corresponds to
chronosone 1, region p37..1 to 15 p32.3, confirmng the data obt aﬂ@emm?j
FI SH anal ysis. Tissue distribution of Enovin as determ ned by Northern bl ot

and dot bl ot yangdesaes0Ss. 20 Northern blots containing 2 ~g of pacr/Kroossosi
-rich RNA derived fromdifferent human tissues (C cntech Laboratories, Palo
Al'to, CA USA;, MINT " blot, MINTM bl o+ Bb and Fetal MINT" blot Il) were
hybri di sed according to the manufacturer's instructions with a 25
(a-32P-dCTP randomprimng | abelled (H ghPrinme kit, Boehringer Mannhei m
897 by Enovin fragment. This fragnment was obtained by PCR anplification
with prinmers PNHspl and PNHapl on frontal cortex cDNA a:~d subsequent

cloning in vect g% 1- [:Hﬁ: N . aen tain 97 ,by,.of Enovin
sequence up toc%eeﬁst D CP-()E?(:))%ré)n |tn§éﬁge es %%%P%%%%Ig‘egcg iﬁgl/g guer ~e fog
the mature EnovAgemsst glal in 1:x0 TAEPIRH0Sr WX O0rB4D80s PETLERSS/, 05088 - 50
Enovi n nRNA wa te in sgri fo | ly. 4.5 kb i Fig.
5A-C). Enovin V\gs[soedéx%?esésle ‘i r#%?é%éép%gﬁtfgggég&gﬁégt >éE)’Fom' nently
in heart, skel etgleghest|ss zepariSiedsp larkpe ostal ged Sbrem5thankbkér aadzed

transcrip are_present .j.n.e.q. acenta (4 kb .4 kb _and.1.6,kb) d
prostate i kb pé“ﬁ{dlfil.eé} K J)q:h Itg’ef géla?&ﬁ@%u%?faé’ﬁgﬁﬁ?ﬁéﬁ? g.lé'kgﬁrrgﬁgcri pt
is present in |insmarndts twere |sespernesd end ¢comfirot beeitr adseartiipisaate al so
present in fetal, kidpey, liver, 10 lu and braj n ition an RNA

mast er bl ot (Clcblrﬁréeéﬂ oA R ™ %%%?F\?ﬁgpég?y#ﬁsggcfisﬁﬂﬂ fP8m

di fferent humarrdsc sire sclasd e el t© paedd ed 1154 agesmaasfatsarbybsi di zed with

t he 897 by Enovin probe. The 15 pol) ich RNA s | es _.used for making
Lhis bl or have R SThaRs | AP A THAL SRR, cPF eBE| BHELE)BPs fonomRght
dibffer enudlwousaneeb F}umﬁongme Svilty‘i t]harBWacwr@Po tBevbn HRNA wagagxpressed
ubi qui t ously, but. hi ghest evel s were apparent in prostate, 20
pituitary gl and’,OJt‘P%%f%i,s m&ﬁ%‘?t*%’i‘%ﬂw?ﬁ grNBuRRFEEs 2 And O®Fdney (Fi gure
5D+E) . Const r uctdp@se et FRard@G)Fee S 1S3 Qftsn VEZ 0T So 25t kONA= k88 8ASWAE
GFRa-1, GFRa-2 and GFRa-3 (coding for amno acids 27_to 427, 20 to 431 and

28 to 371, respe@t BRI TREINE seoeREeRtcBBLAg AR ViR&ogRgnal
peptide and forgyhe, GXIHHL TN hYEF OREObERa £ €8h0AnHNYAkYed ioh 2x

GPl - anchoring were cloned in-frane i

15 YT/ampicillin plates supplemented with 10 mM IPTG and
2% (w/v) X-gal for blue-white screening. White
colonies after overnight growth were picked from the
plates, grown in 5 ml of LB medium supplemented with
100 mg/1l ampicillin and plasmid DNA prepared using the

20 Qiaprep Spin Miniprep kit. The presence of an insert
of the expected size was confirmed by restriction
digestion with EcoRI. The plasmid insert of several
positive clones was sequenced and the obtained
sequences compared using the ClustalW alignment

25 program.

To obtain additional coding sequence for the
novel GDNF homologue, a fragment with an expected size
of 931 bp based on the EMBL/GenBank sequence (acc. no.
AC005038) was amplified by PCR using primers PNHspl

30 and PNHapl. PCR reactions were performed in a totezl
volume of 50 wl, containing 1x GC cDNA PCR reaction
buffer, 0.2 mM dNTP, 1 M GC-MELT™, 200 nM of primers
PNHspl and PNHapl, 1 ul of Advantage KlenTag



30 in the expression vector Signal plg plus (R& Systens Europe std). The
resulting protei”s expressed fromthese constructs contain a 17 a%ﬂojm[ﬂ
NHz-term nal CD33 signal peptide, the G-FRa prot=in region and a 24

001 04050 - 5%yo ddbsvdy ~ 2003 PCT/ EP99/ 05031 ami no aci d COON-t erpameboovsesan
| gd -Fc fusion domain. CHO cells were transfected with GFRa fusion
constructs and stably transfected cel ls3were sel ected using 500 ~. g (418.
Per manent cl ones were selected using anii Fc 5 antibody. For purification
of GFRa fusion proteins, cells were grown in serumfree nedi umand nedi um
was collected after every 3 days. Mediumwas centrifuged and applied to a
protein A colum (Protein A Sepharose, Pharnacia Biotech). Bound protein

was 10 eluted withh 0.1 M Na citrate, 3.0 and | ected int hl Tris
buf fer, pH 8. 4.pci:lryd‘feerﬁ1sec6‘}‘}8{er?tnrcgt]i o%oozéas“]es‘?fn%@g% gf}oﬁbgﬁﬂ:ﬁgﬁiéuﬁt 280 nm
usi ng an exti ndiotabeiditEenir dfigbdcamheseoputified 66l ygbhem&ERa-1 to -3
Fc fusion proteins re used for 15 supsequ bi ndi studi es. Surface

pl asnon resonaﬁ@g\'a\r%%ess ﬁﬂ%eagbeapq%fgr%% f%us%réﬁﬁeg]%%@) aRIPEYFHERTS were
20 performed atwa2bQ@disd Nbra 4Bl Acqre BOQ0 instirinentsg ANl YSEs MeR €30

performed with enovin and NGt _as i mmobilised |igands. The carboxyl at ed
matrix of %a F1 Sédsor? &hiffrwas ﬁyrcé*tesact"ivj'iéd it S84SR Af x{ uP&N0?t 900 MV

N-et hyl - N- (di netdnd . anioroprerilcrsc aidiediddd desed @tk 109 mMY/v) agarose
N- hydr oxy-succinimde for 1O mn. Than, reconbi nant enovin and NG- were

applied onto tHElackt Vat i R¥HSE | HA 0L RERTaset BERT e, "YHERTB at a

flowrate of 5 rgodiuR NsaldOCEPie® ¥ eact d ¥Eo R OHPSnMeLRpLRREERYALRD With 1
M et hanol am ne hydrochl oride. For 30 binding experinents, soluble
GFRal - 3- Fc wer &/&u@ e chtv iddh i red i DRSNS 10PNderAvend PRPEBZ2buf f er ed

saline (430 "MNaQd ,o 8. 5 d"MEQA, » 009 é}nsﬁgﬁlcéglw HER=S:i oRHy4s9) at a
flowrate of 10 1 0 JAN 2003 WO 00l 04050 - 52 PCIT/EP99/ 05031 ul/mn. The

associ ati on wasisfshiiored Ftorl Friunamt B@seki atpohaiping AknGCf 6PN3wed by
SR, o 40 ARG R SSOE gl oy ek L1168 supets on i Lh

nM of primers PNHsp2 and PNHap2 and 1 wxl of Advantage
KlenTaqg polymerase mix. Samples were heated to 95°C

15 for 5 min and cycling was done for 45 s at 95°C, 1 min
at 58°C and 1 min 30 s at 72°C for 35 cycles, with a
final step of 7 min at 72°C. Samples were analysed on
a 1% (w/v) agarose gel in 1lx TAE buffer. PCR fragments
of the expected size (870 bp) were excised from the

20 gel and purified with the Qiaquick gel extraction kit.
The PCR fragments were sequenced to confirm their
identity, treated with 2.5 U of Tag polymerase and
cloned into the plasmid vector pCR2.1-TOPO using the
TOPO TA cloning kit according to manufacturer's

25 instructions. Approximately 20 ng of purified fragment
was combined with 1 ul pCR2.1-TOPO vector in a total
volume of S5 ul. Reactions were incubated at room
temperature (20°C) for 5 min. 2 wl of the reactions
was transformed into TOPlOF' competent cells using

30 heat-shock transformation and plated on 2x
YT/ampicillin plates supplemented with 10 mM IPTG and
2% (w/v) X~-gal for blue-white screening. White

colonies after overnight growth were picked from the



5 software, 3.0 was used to calculate the association rate (ka),

di ssociation rate (kd) and the equilibriumdissociation constants {B&ojAN 7003
cal cul ated as kd/ka). Results 10 SPR was used to neasure binding of soluble
GFRal -3 to i Wwhiddsed enovin. Specific binding to enovin coulghgsdRtRst ed
with the soluble G-Ra3 only. G=Ral and GFRa2 did not bind to the

i mobi | i sed 15 enovin. The observed binggng of GFRa3 was specific as there
was no binding to NG-. In the separate gontrol experinent specific binding
of TrkA-Fc (NGF receptor) to the immbilised NGF was detected w thout

bi nding to i mobilised enovin. 20 From the binding curves obtained using
three different concentrations of GFRa, the follow ng constants in Table 3

were derived. These results denonstrate that GFRa3 binds specifically to
enovin. 2 5 TaBl ¥a (47 VE) JKH(Q/’@ ‘kte I(I{I/;m&@:lRH‘S SRl AR Bedgwiph: T 3. 1

10'° Since GDNi1f0 Mgy RrahdiSh Bl in parodrgs Ba Srhied 3N AR A Sne6e ey 808 SeRyi val
of different types of neuronal cells, it is anticipated that enovin has
simlar biol ogitiPTRR et d R RRP dett s Hifd, Presmm e/ olosn insgrt1 0 JAN

208 PCT/ EP991Q¥03h dasghdd ved 01 £4 hed's CRIA £ IMRRS Y POoredhel£EQER, i1 1S

envi saged that the enovin protein may be useful inthe treatnment of neural
di sordersSin géheredtiomciiidh nfcoft ki Tho P siisbagnse it 2k sevesalli sease,
peripheral S : (R4 OPAldYe1 HYOUPN Cal AR af | HOY el Sunt | ngton’s
di sease, acute’brain injury, nervous System tunors, T pl e sclerosis,

peri pheral ner\@MRa3LAH WILNG|thy Ghes addbsurignme e woedsdms. Enovin coul d
al so be useful in various aspects of 10 ~europrotection. Considering its
effect on survival of different neuronal cell popul ations and on the
observed neurite extAnsiysiss iof czrontaiend eSS ioml Iy we propose that
this conppund coul d ygc%eayra rofective and neuroregenerative
applications. 15 Thi's™i BT pd%'the foll ow ng observations. axol

i nduces neuronal apoptosis in NG--differentiated ?Cl2 rat pheochronocyt oma
cells (Nuydens et al, submtied), Therefore, taxol induced Cft otoxicity has

fsatures of neuronalojab%?)rf‘b%}%?gjage ot Rer e Hsphend PNHapl (see

table 1) were used for the specific PCR amplification
of a 502 bp fragment from enovin. PCR amplifications
15 were performed on human multiple tissue cDNA (MTC™)
panels normalised to the mRNA expression levels of six
different housekeeping genes. PCR reactions with
enovin specific primers were performed in a total
volume of 50 ul, containing 5 ul of cDNA, 1x GC cDNA
20 PCR reaction buffer, 0.2 mM dNTP, 1 M GC-MELT TM, 400
nM of primers PNHsp3 and PNHapl and 1 ul of Advantage
KlenTag polymerase mix. samples were heated to 95°C
for 30 s and cycling was done for 30 s at 95°C and 30
s at 68°C for 35 cycles. Samples were analysed on a
25 1.2 & (w/v) agarose gel in lx TAE buffer (40 mM Tris-
acetate, 1 mM EDTA (sodium salt), pH 8.3) and images
of the ethidium bromide stained gels were obtained
using an Eagle Eye II Video system (Stratagene, La
Jolla, CA, USA).
30 Similarity searching of the daily update of the
EMBL/GenBank database with the human neurturin and

persephin prctein sequences yielded a genomic DNA



20 =ragnentation, Annexin V labelling and bcl-2 protection. As an g A 0
extension, therefore, it can be deduced that taxol induces apopt05|4r¥w
differentiated SH SY5Y cells. Enovin is now shown to be able to reduce this
cel | death aHEO0PR&SEfore may reverse 25 neuronal apoptosis i nPGEFEPYPS03rhe
conpound may therefore be h?Ipful in the _ollow ng neurodegenerative
conditions in which apoptosis has beén 38bserved, stroke (cl akim 1998),
Par ki nson' s di sease (Marsden et al 1y98Y, AIzhelnerﬂs 30 di sease (Nagy et

al 1998), Huntingto::'s disease ;~lellington et al. 1997), Neurctraur-~.a
(Smrnova et a' _. '998), Peripheral neuropathies, (Sri::ivisan et al. .998)
: 1 0 JAN 2003 WO 00104050 - 59 PCT/EP99105031 As an exanple for the

|l ast clinical dagheaté ofodiveg hbye showbathat hbive Inginaddiaph imf Bet or
actually protects dlfferentlated SH SYSY human neur obl ast oma cel | s agai nst
taxol - i nduced @l ¥he RF-Te{EORPM Mot FaabPbgy CEV i AFN iand sl ufeh@nt s Cel
viability was wles exgbnedabye@deh8gid0QevR) . Ohgait it JFacdnbise

[ 2- met hoxy- 4-ni tro-5-sul phophenyl 110 2H-te;.razolium 5- carboxar ilide (XTT,
Si gna) soIut|dmpmﬁlﬁﬁw~R¢%89Q3n%ub%+@ﬁehb@d°ﬂppﬁk§(RF PHETSS ne

met hosul faat e (EMSroSh@IBY tRe €REHi¥R! LodTHE Blat oAt Jieruddicubat ed at
37C for 2.5 hours. The optical dénsities were read (Ml ecul ar devices) at
450 nm 15 usi$RVE5dL nexpseaseef ep@rerceThasXTESIsBLane haruii wed t he
conversi on of t o] r{mgan product.
Thi's reacti on et DR R R abPa (Brentet® SN Fodaf ogy of
neuronal diffel@pceasion no. DMéBéﬁi?aﬂﬂ@ﬁﬁQﬁ%@ﬁdn NeUYD bt &ist omem SHSYSY
cells SHSYSY c er f 5 j M

st aur ospori ne. F%T:?ee %fog %%ov?%élég&%z sgbgdp%%% yrt;lldg?c@alft of the
experi met . (rédiecenseodahavalrb8iaf72] ProTbeseKiclased rcml‘matm DNA
st aur ospori ne a u a o]

neur obl ast ona %%?‘?%gﬁﬁr%ggﬁyéﬁ Q?b£§ng&8?§§e?§ﬁﬁerﬁb% v{slh
Physi ol 155, 3R4P3&2 YIN93pht 2onFlkasadetrbat @hQMﬂHIMRNRMbEHSIOH

f. orphol ogical , ¢hanges 0t n "EYL AR WE" Bumor tissues.

Urn cel |

Initial PCR amplificatiorn using primers (PNHsp3

15 and PNHapl) based on the genomic sequence yielded a
fragment of = 500 bp from fetus, fetal brain,
prostate, frontal cortex, hippocampus, cerebellum cDNA
and from genomic DNA, but not Zrom lung cDNA. Cloning
and sequence analysis of these fragments yielded a DNA

20 sequence of 474 bp that translated into a predicted
protein sequence of 139 amino acid residues including
seven conserved cysteine residues characteristic of
all the members of the transfcrming growth factor B
(TGF-B) family of proteins (Kingsley, 1994) (Figure

25 1) . The sequence also contained a RXXR motif for
cleavage of the prodomain (RAAR, amino acid position
23 to 26) (Barr, 1991). A similar cleavage site 1is
present in the GDNF, NTN and PSP protein sequences, at
a comparable position in the prodomain sequence.

30 Assuming cleavage of the enovin prodomain occurs at
this site in vivo, the mature EVN protein segquence
contains 113 amino acid residues (residue 27 to 139 in

figure 1) and has a calculated molecular mass of 11965



1 0 JAN 2003 WD 00/ 04050 - 55 PCT/EP99/05031 automatically quantified as
follows. Briefly, at the appropriate Mmes, gl utaral dehyde was adquJ 2003
directly to the nmediuri and left for 30 m n~aes at roomtenperature. A1Nh S
ensur ed t hatwe b@o4wes phol ogy of the 5 cells at than tine poi nt PESEPRYEEE t he
real situation. The cells we=a observed through transmtted |ight node in
an Axi ove=L m croscope (Zeiss CberkochedQ ermany), equipped with a

Mar zhauser scanni ng stage driven by an— ndy workstation (Silicon G aphics,
Mountain View, 10 USA). |Images were captured using a MX5 video canmera .
(HCS). About 3000 cells were evaluated in 64 aligned i mages, formng a 8x8
square matrix of images. The exact alignnent of the inmges ensured that
neurites coul dyhe |1 & [ field it next 5 Automatic
detection of tﬁg ﬁfggr F?ﬁqgg%el%s%iltgﬁg H ag]b(eil gd@blgl 'p%] %%%ﬁ%l f%(aﬂnénti body was
per f ormed usi ngo&entinbiladied lyssyilat ioh cuirbd InTesents~incte esatSreger

1998). The anal ysi ft e_autg:.~atical cal.cul at t cel |l body
area, nunber oﬁggke‘%n% oé;&gg gﬁdgﬁ&tn% a%gdné?rsiajttgl%'gng?h?%@ I nvestigate the
ef fect of enovMpnreoveif,f eegetadeldegiyres canee mesdyise tee en pené omaedrea DNA

synt hesi s_assay_and a.cheno I S . DNA synt hesi S | |

i ncl udi ng5humaﬁoaglt5m%f E?’Er E‘%fé’é@t gle?'%é%%% YUt U T %gﬁvyﬁﬁﬂaat hel i al
cell s (HUVEC), PBemeerenadish pusclestcdld sndiSMC) (Fimmee 2hontsabrytes, and 30
rat osteobl asts were.nai nggi ned | rltDNE'\rf %%nt ai ning 10~ Eléf é39- SK, ~TSMC,
rat osteobl ast §JBF FdéFiPn&d SnE Y “((ChSidr oS 1S R el SgBARUFS it h
5% CO, and 95%pabtteihorselguencelBNA £S5 W eXiNE afsamayl y aedhise ner ey serded 10
JAN 2003 WO 00%&@3%3# 56 PC T/PEP99/ 5031 i 96-wel | tissue_culture
plate at a den BI666 206l FSAEETEIF 5!\9%\9} Y & PP ngeF oBR EB%S and

i ncubat edof or 24rh.)atie yculreurstowedi UMd feEpNmasimepl asedami t byPVEM

contai ning various concentrations 5 of Enovin and 0, 1% BSA (for 39-SK,
ost eobl asts, HIREULENSFEEIFESs 16 BIVEI\H}E(FM%RW%W/%W dL_TEBACRAt rati ons

of Enovin and @n2%RBS t( faai nldUMEG) anuk ichld s yEr®vimgubategxkrr 24 h.
Subsequently, the culture mediumwas replaced with 100 I,cl of DVEM ?0

cont ai ni ng 5% FBS3Y3dS0.5LT -G of [3H]-thynidine. Following 2 h of pulse

| abel ling, cells were fixed with nethanol/acetic acid (3:1, vol/vol) for 1
h at roomtenperature. The fixed cells were washed twice with 80% net hanol .
The cel | $5wer e Tebllghi2:i Aad riwi sE5 QOB itsypsth naoerechimen| §DNEr 30 min

d then in 0. <1/ el ) f i in. Aliquotes of
ol 1 Tysatos (1800 PogeE St s e fFETr a1 Bt on' cooktai |

and the radioactivity of cell |ysates was nmeasured using a liquid

Comparison % identity % similarity
EVN vs GDNF 38.8 47,2

20 EVN vs NTN 51 56.1
EVN vs PSP 53.3 57.8
GDNE vs NTN 44.8 57.3
GDNF vs PSP 44.3 50
NTN vs PSP 50 54.4

25

From these comparisons it is apparent that the
mature enovin protein is more closely related to
persephin and to neurturin than to GDNF.

Amplification, cloning and sequence analysis of a
3C larger fragment of the enovin DNA sequence from
frontal cortex cDNA using primers based on the genomic

EMBL/GenBank seguence (acc. no. AC005038) yielded a



20 scintillation counter (Wallac 1409). Chenotaxis Assay Cells were

mai nt ai ned as described in "DNA 25 Synthesis Assay". The chenot actifcaN 2003
activity of Enovin was anal yzed using a 12-well nodified Boyden anber
(MeQui | | an, W® 00/0406tandl ey, C.J., Canpbell, MA , Bolls, S., MFWEPPVGE
Herington, A C., (1986), "Stinulation o% Pr ot eogl ycan bi osynthesis by serum
and 30 insulin-like growh factor-1 in bl Tured bovine articul ar

cartilage", Biochem J. 290:923-430). €Calls were trypsinized using 0.05%
trypsin and 0.5 mM EDTA WD 00/040S0 - 57 1 0 JAN 2003 PCT/ EP99/ 05031 and
resuspended in DVEM To the bottom wells of a Boyden chanber, aliquots of
150 ,ul of nedia containing various concentrations of Enovin were added. A
pol ycar bonat e wemweaTe (oEf 8L’lr9) b@Othéahwniet H3)0. Thiigd rdepieice ypentatmwd | agen

was placed on the tQ f mwel 1 s foII b | in

wells. To the faoﬁmt qu’ |quots of Ofiﬂjn At dHH% v%eth C{‘0708 Jgplc%ng %jd) wer e
added. Fol |l ow 3@ anG tyuericilsbam @pqmernexﬁlndlefmmreﬂemdﬂvag flt sas senbl ed.
Cells IC renuaini n .on th% %& rrbrancfe %erem)v d. The menbrane
vas fixed withiPod s de%y BT AP By° LRI AF ng wi t h

Gll's stpengt huhﬂmﬁtd)dﬁl mSl@aJdrss VIS - TPUNTEEE untets Y €e@seopye {250 X
magni fi cation), and the vera e of cell counts from 15 flve areas of each

wel | was used. SEEFED WS T TR MR IR F UL 13T HEY. E9he
results were eé@fﬁ%ﬁﬁn‘ﬁ%ﬂd&%ﬂrﬂ'ﬁi Mh@mﬁﬁmaig\ﬁwmmm@ﬁ &x | endSA)

As illustrated the results in Flgure to 1 20_enovin has _no effect on
proliferation i FEBERe eIt FREORA g2 n%nfﬁqféenfﬁ‘?%?i-%% of HUVEC

cells (Figure ¥panas siqsprﬂll@ﬁﬁ@@vgyléfr@é&aVﬁﬁeﬁb@&eﬁﬁo@élﬁnow n on

SH- SY-5Y neurobl astoma cells. This nonstrated enovins sel ective effect on
neur onal 195 celS2guaBstsh GNP Safd NN afakve Beehluhow 7S sPoRaensta a

si gnal | i ng conpln £oPased ix@ di di i g sabuni&n githes BFRa-1. or

GFRa-2, and a signalling subunit, the cRET protein tyrosine kinase. Enovir.
i s 30 expect ed s k8Qiridy t@%@%‘gl"c@ Et¥ecard i e 252G WePER signal i ng

conpl ex Comos%ﬁeﬁﬁ:ﬁ%dyt’}mﬂ}% Rt ned &b hersGhende GFRa12iohhe

recently characterised orphan receptor GFRa-3 or otheéer as %
unchar act eri zed®47 WO i T40sMclag ide peeitDop3i72-810) . The open

15 reading frame including the RXXR cleavage site and the
mature enovin coding sequence extends from nucleotide
position 334 (preceded-by an in-frame stop codon) to a
stop codon at position 811-813, but does not contain
an ATG codon for a starting methionine residue. In

20 analogy with persephin (Milbrandt et al., 1998) we
hypothesize that an unspliced intron is present in the
majority of the mRNA transcripts from the EVN gene.
GDNF and NTN also have an intron in their respective
prodomain coding regions (Matsushita et al., 1997,

25 Heuckeroth et al., 1997).

To evaluate the existence of different mRNA
transcripts for Enovin, RT-PCR experiments were
performed using primers situated at the 5’ end of the
Enovin coding sequence just 5’ of a possible upstream

30 ATG start codon (primer PNHspS [5’'-GCA AGC TGC CTC AAC
AGG AGG G-3'] and nested primer PNrsp6 [5'-GGT GGG GGA
ACA GCT CAA CAA TGG-3'] and at the 3’ end (primer
PNHapl and nested primer PNHap2 [see Tabls 1].



PCT/ EP99/ 05031 nmenbers of the GFRa famly) in conbination with cRE;B ﬁ&r
anot her signalling partner. Indeed, our binding data show that endvi N&QW
bind specifically to GFRa-3. In humans, germline nutations in GDNF or cRET
5 can | ead twosevasal di sease phenotypes including nmultiple eREBEPIHS03I
neopl asia and Fam lial Hirschsprung di sease (HSCR) (Roneo et al., 1994,
Edery et al., 1994, Angrist et al., Z9963.-Both di seases are associ at ed
with gut disnotility, with Hirschsprung- 10 di sease being the npbst conmon
cause of congenital bowel obstruction in infants. Interestingly, GDNF and
CRET knockout mce exhibit remarkably simlar pathologies with renal

agenesi s and intestinal aganglionosis (Sanchez et al., 1996; Mowore et al.,
15 1996; Pi chekxgl rdlmentld Wre BRAMI R gh Biddl uad dine i d @

di sorders of the gut or the kidneys or, since it is ublIgwtously expressed,

coul d be i npor &N BRNHS dEIONGFRNMIG RS perdpheril, oyahste®mal he

body . 20 The hpheracihgn 1qu4ézqﬂw%slowtt&ﬁ)heairfd rSE el %%rzirx%ecﬁ]ef%nlly .

achi eved by the interaction of Specific bonds fromparticu residues in
bot h prot ei ns. hPFagerRzeRSTL lanr dtidine caampwserare fagerdgdnisitesct i vating t he

receptor £0 el iflsddsS S oWt h BroyEot | ”Qbﬂ%ﬁg}j VRY, ti%lﬁé aihing effects
on cells. Parts of enovin or synthetic peptides based on the enovin protein
sequence can t berdiogme ey ideningy sadidtisnS and SitHayor .urster tGCreinh at e

its receptor - Y j 1654 re r ‘O:Hﬁ sﬂ?}ﬂt i ques,
hybrid 30 gr ov(?ﬁé?% éc%@cgﬁﬁgg%%%ﬁsﬁo@t@@ or %%Igh%? any ot her
neur ot r ophi ¢ ocygild®a h €t or 3@t h6Pefts 3Ps end¥it -can nbien )praxiuced to yield
a novel synthetj . fact i opertie 0._JAN 2003 WO

001 04050 _ 59 E‘ﬁ%ﬁ'@%‘%%@fﬁ S %Cﬁ AT e oenr:‘fruoc‘?%%é\lt%nt st

whet her ®ovi nuils cdbltend oo cimeemye ROk draoadbict nduicey seimsary ReHdwé tasnd n rat s

af ter subpl ant i_njections Jn rats. 1n first ex [nent, it was tested
whet her a si ng?@%:‘#raeuarfa(r)reerntthvﬁ £ eenocvolnn&ctolu i rr‘ea?/[g(ra’;sde %)hcel?saXol -i nduced
sensory defici Reswhierieas BAR proenortt twaxd dria wased est ed W heda eaeyi n

coul d prevent the devel opnent .of the taxol-| d defi ci 10 Reversal
over t!ome of t&X I-ai‘—hcgu% Wes% ori/lza@s‘fﬂ%tfr w&pogeodu’? eé@al%b‘

Spr ague- Dawl ey Seates;a Wb gid ngvedF pu Rl b ramn tveree usadd thie BOR nal s
were housgd individually with foo nd ter | i b. Befor e start of

t he expefgrrent, LR S Hi %q‘b%}ceecgloglcreeuc' 's~}gﬂﬁe? oP‘brbls“re’r té(g?n cages and
after a habi t ugtdoat: et ivskofalldp dlonddeipivedrd koS | BXTORE evaboat ed.
To do so, the %apl_‘ant,ar surface of the right pafyr\éof t he ani mal was
stinmulated wit e dird 1 PSRRI L PRD TS FTHPIFTK was scored as
ei ther present Sesfirce dnaDfs BDSEIN L (1968 eclre WxiHddid ONed sE6SEOHM: t he
procedure was repeated three tines with a tine interval of mn 25 between

2 consecutive THVUIRMRLGTEEHATFHIINE AR IREBITNFRi ck Bst consi st ed

of 3 neagores ebtaatdd Vftagheh fddudidEX. wddd Yodmb Srdtd W gh naeral
reactions on the 3 pin pricks were Included in the experinment. 30 On the 3
consecutive da@&iaRtheEMRYH MEAYFREaNI NP rackt W Wity Hewubpf ant ar

injection of 5QevEdr0f gexPipiS3 I0/dfq pacl ddpxed oHssol vedhd s&esMPhoOr

sequence (Figure 21). All these splice sites
corresponded to the consensus sequences for donor and

25 acceptor splice sites (Senapathy, P., Shapiro, M.B. &
Harris, N.L. (1990)) splice junctions, branch point
sites, and exons: sequence statistics, identification,
and applications to genome project. Methods Enzymol.
183,252-278). The different Enovin splice variants

30 identified and their presence in diffsrent human
tissves are summarized in Figure 22. Only two of the
5 seguenced :ranscripts yield functicnal Enovin

protein upon translation from the ATG start codon.



1 0 JAN 2003 WD 00/040S0 - 60 PCT/EP99/05031 and dehydrated al cohol plus
water) in the right hind paw. During the next norning, the pin prickgr lﬁﬁ
was re-eval uated ang ani mal s not showi ng any reactivity to thg mg@i&g@hg
present at i on¥OIELe| ected. These 5 aninmal's were random y divided in
subgroups (n = 10 / group) receiving a gybplantar injection in the right

hi nd paw of 75 ul of either vehicle, saline or 23 or 130 ~cg/m enovin.
Because no differences were observed bétween the results of the vehicle and
saline treated 10 animals, both groups were joined (control group). At -days
1, 4, 5 and 7 after the last treatnent, the pin prick test was perforned
both in the norning (between 8 and 9 a m) _and the evenin @% bet ween 3. 30
and 9.30 p m. T@?%ﬁayt"eo BEARSE L PP RS p‘F‘P@ﬁ test P\Kégetlé‘ﬁeﬁfg henzathe

norning. cc”or #AGH avidd, # &é‘@l‘*lr@_ii'/Vﬁi%ﬁOF%e@fi_crt%@C_tsii‘@ﬁé’.‘L to the pin
prick was neasured over tinme. Because in to;.al 9 pin pricK tests (each
consi sting of PeAtigas ckE ptestid ad? orineereigersisi@saf t &g he | ast drug

treatment, {he Jyud Ble oo dh DeobEasbEd 20 QYRlse hSidl Al Lt 38ri od of

t he experinent “I's . Results Repeated subplantar injections of taxol over
3 consecutS ve dehyayr esul Fsgure a?3 aclorgi veraamil o F igamst i29h (dhdrta | ack

of responding tg,a Bidy progk féﬁg’“{rlgﬂé’ﬁti gﬁéh%e”ﬁieﬁdée% reof?r[‘;t;% ﬁJINﬁQuced

subpl antar injection of saline o cle not affect t
deficit. At thedqusncerasurigent,2bnby dpédtiol 20 tcdite dis sthaowed: at

score of the oo r e atotRes 1 F oL Bl T emnlt ke SEey S A £
contrast to theb’stardamag30f3t hépenperanehttwoer e ft drenegerscmadimas 3.0 (+
0.0) wquycag%g%é; 1e predicted protein sequence of Figure 23 is

obtained. The shorter variant can be deduced from the

DNA sequence of Figure 21 by splicing out the first

intron at locations 5’-1 and 3'-2 and the second

intron at 5'-2 and 3’-3. Upon translation of the open

15 reading frame, the predicted protein sequence of

Figure 24 is obtained.

The lcongest transcript seems to be the most
abundant in most tissues as judged by the band
intensity in Figure 22B. The shorter transcripts

20 result in frame shifts yielding a translated protein
missing the mature Enovin amino acid sequence
homologous with GDNF, NTN and PSP. The two smallest
transcripts even miss part of the mature coding
sequence, including two of the seven highly conserved

25 cysteine residues. Figure 22B shows the distribution
cf the main splice variants in different human
tissues. Functional Enovin mRNA is expressed in
almost all tissues tested, including brain, heart,
kidney, liver, lung, pancreas, skeletal muscle, colon,

30 small intestine, peripheral blood leukocytes, spleen,
thymus, prostate, testis, ovary, placenta and fetal
heart. In some human tissues (e.g. cerebellum,

hippccampus), only non-functional transcripts could ke



1 0 JhPJ 2003 PCTI EP99/ 05031 because all aninmals responded to the pin
prick. Even after 8 days of neasurenment, the reactivity in the cont 1 81 ANVEE

still inmpaired with 11 out of 20 rats responding at |east once and with a
mean pin priockoboewsse of 0.75 (+ 0.18). Wthin this control JHGUBPINSHE of
the rats displayed a normal reactivity to all 3 stinmuli. The cunulative pin

prick score of the controls over tine'i§4présented in Figure 19. Because
the animals were tested 9 tines over am8 days period, 10 the maxi mal score
to be reached with 3 pin pricks at each test is 27. As seen on the graph, a
subpl antar injection of saline or vehicle was unable to reverse the
taxol -i nduced deficit over the tinme period tested. The nean total

cunul ati ve scor emgfl itfiedc eyt PGRS atot barlknewd eafyet, he hex peydumEnswmse 6. 10
(+ 0.87); being 18.% of the gax%ggl score to _be reached. A single

subpl antar i nj eBPRGFUGCtrENAG MENALEIRRAREIBLSYIER, SPESURfe #XHr AR first
measurenent in Ao@Upleedf db@ckabsdr Begerd. ngTak beasbgarea, wth a nean 20
pin priclc score,of_0”70n%+ 0.33%" At,%aﬁ 8, all 10 animals responded at

| east once to tRéIPitd HHANER, ©&ndha SndrREE "Pe Rty tRadSpsdddited n 5 out

of 10 ratss Theaat@oa@s Rhe Rkbekssieneogf Nrii sngr egp alh darfas 2. 20 (+
0.29). As conpared to the controls, the_ average 25 cunul ative score at the

end of the 8 dajydssmesedssr 8rEnPLeRAs LoldNi FheaRCtP riitGadd@®@imann Wit ney

U-test, two-taik@draddsidh QbkelkeaeBinnguanmameli Rl itdle i 4. SO (+
1.96) (Figure 19). This is S3.7 %of the maximal score. 30 SO wWth an

subpl ant ar i nj eBOEEn LEStEIGtedyLRl COAEAENN tLgsHE sSwaKAtFhaeed & fdlcacy

agai nst the contielss. Mt G k3t afBasyergnt aster 130 ,ug/m enovin, 6
out of 10 rats reponded a~ least once with a WD 00/04050 - 62 1 0 JAN
Q003 PCT/ EP99/ 05031 nean pin prick score of 1.10 (+ 0.35). At day 8, all 10

ani mal s responded to_at_| t..Qn i r.ick \u .mean ore of 2.60 (
0.22). A nornal react?evﬁ%mip%l%oantc{hge’%r%s%lﬁ% (?\Igsrév)\’/é%l& esent” iC:nQJgl out of 10
rats. The 5 average @uAd#hictadoicE g Enoviitk e silod Rl aimidf t he

experinment in this group was 17.20 (+ 1.99). This is 63.7 0 or the total
possi bl e score and significantly inproved as conpared to the control group

(p < 0.01) . 10 Preventipon Wy &icH ififR gieritaXQls IMPIGEN LMY human

15 genomic DNA with primers PNHsp4 and PNHap2 (Table 1:
and cloned in vector pCR2.1-TOPO using TA-cloning
(Invitrogen). The sequence of the insert was confirmed
by sequence analysis. One clone containing an inserz
with the Enovin consensus sequence (clone 36) was used

20 for subseguent construction of an expression plasmic.
Two primers were designed containing appropriate
restriction sites at their 5’ ends. Forward primer
PNHexp-spl (5'- GCG_GAT CCG GCT GGG GGC CCG GGC A -37)
contained a BamHI restriction site (underlined) and

25 reverse primer PNHexp-apl (5’'~- GCC_TCG AGT CAG CCC &G
CAG CCG CAG G -3’) contained a Xhol restriction site
(also underlined). Using these primers, the 343 bp
fragment coding for mature Enovin (position 81 to 422
in Figure 1) was amplified from clone 36. The PCR

30 reaction was performed in a total volume of 50 ul,
containing 1x GC cDNA PCR reaction buffer, 0.2 mM
dNTP, 1 M GC-MELT™(, 200 nM of primers PNHexp-spl and



dysfunction. Procedure 15 Mal e Sprague-Dawl ey rats, weighing 300 - 340
gram were used. The animals were housed |nd|V|duaIIy with food add et 2063
ad |ib. Bef tart of the experinment, the animals were gaggg
standard obg‘&ﬁ?h}@?"éﬁ cages and after a habituation period of rgr)ioélo,s]the
pin prick reflex was evaluated. To do_sgg the plantar surface of the right
paw of the animal was stinulated with a needle and the reactivity to this
pi n-prick was scored as either present (score = 1) or absent (score = 0).
Wthin one session, the procedure 25 was repeated three tines with a tine
interval of 1 mn between 2 consecutive stinulus presentations; as such the
pin prick test consisted of 3 measures of reactivity to_a pin prlck Only
rats havi ng nofREie*RgR} onks 4h Yherdvyi e 9e i Rk8nhaHePPACIGEEES Altkhe 30

experiment (pi Y igk r$c_?0c5f? ol BImi A gL £Pb® éPBEéOBGWEQ%AHI eaBNle rhe
animals were randomy divided in subgroups (n = 10 / group) receiving an

subplantar  WheFH/OA0BD 24 B3 for § min- aZUD?WE@Q@&@Sngel fipecdPoRl in
the right hindpawple 79 widla@lddel AR & HAl49e: 0fo2D Pl dde el M

enovi n. Because no di f'ferences were observed between the tesu
vehicl e afd salwite ta ebiral asteml el horbngrbups GerBhs fesndtifgohor oI

group). During t;h i e aily a

subpl antar i nj é}clt i%olﬁocg?éﬁgg, uIIy axolﬁ%’lgnﬁg#ﬁ? % ﬁﬁﬁgée? gi ssolved in
crenophor and dehyyidf atadien clohol (plagemht @rd thet BEAr eghtehi nd ﬁ@wulAt days
1, 4, 5 and 7 0, | O pi Lck fe ek ar b n the
nor ni ng (bet vveeazfn§€4'[ n%e(Q{}’él% u%%\#%%ﬁ%é/%%?%gé%sb wgeﬁi § gggd g

m. On day 8, &0 ast peacpidmkviestl@®ad dbnBadiii agdt Eaé fopdi HgoIFam each

ani mal , néta)e cunul gt i gg?Eche%géhEe %LVM%Xnﬁ&%gag NP Istl\égs 5 neasured

over ti Because i n Tot al pinprick téests 81’ 3 pin
prick presentatifimesy ekeetpephoreeis ainea the (wédxopl a'geeaﬂsmegetl inha xmaxi mal

curul ative sco reached r.the tot d ,of the experinment
is 27. 20 Resulﬁéé %‘éﬁ%ﬁaﬁ{@ mb? f BheT %ﬁeg?%w he”% E\b@%‘l él 8d6elf“ore t axol
did not preventsade) Iazml stmplucelde d@:f(p@d:tednBBBebpl bapdi Gkst eskisAd t he
first testing ter 2&? axp <§out.]g_>'f §Orats nded .at | east once to
the pin prick, T Y ?Te%?\ ‘??1 pPrEk-3E ‘ésb?go @*aﬁl.uf§ . 98" day 8, the
t axol -i nduced dseiuﬁact:tiz\@ﬁ }sitl | Tipe esesmtmnzghf@abmeatouhsoﬂigat@@i el s
respondi ng and havin

ore,of 0. 8 ~0.. 2., ) .. Wthint 30
ani mal's, a nor rfal¥ s¥ cb?ﬁ B %gﬁ éeff%%laéggﬁPéséﬁP?aeﬂéﬁétW&é? gﬁgm%
cunul ative pin gHd _}CIKONEOTBeWﬂﬁs@fﬁoofedhéedesﬁﬁﬁuhbl @galsma mean val ue of
6.55 ( 1.08), which is 24.3 s of the ﬁaXIﬁa| sere S % WO
00/ 04050 construct (hEVNmat/pRSETB) was confirm d y complete

sequence analysis. The resulting construct codes for a
20 146 amino acid protein with a predicted molecular mass
of 15704 Da including an NH2-terminal 6x His-tag fused
in frame to the mature Enovin coding sequence. The
NH2-terminal amino acid sequence of the resulting
protein is thus
25 MRGSHHHHHHGMASMTGGQOMGRDLYDDDDKDPAGGPGS (mature Enovin

sequence in bold, 6x His tag underlined).
Expression of Enovin in BL21 (DE3) E. coli cells
30 Recombinant production of Encovin protein was

performed essentially as described for Neurturin by

Creedon et al. (1997), with modifications. For the



- 64 1 0 JRN 2003 PCT/ EP99/ 05031 Pretreatment with 23 ~g/m enovin reduced
t.he taxol -i nduced deficits on the pin prick. At day 1, 8 out of %q]gR& s
responded at | east once, and the average pin prick score was 11%8é i gg.
At day 8, 5 WOW09Afal s were responding with a nean score of ZGEERHEH)
Here 7 animals revealed a normal reactivity on all pin prick exposures.
Wth regard to the cunul ative respondirn§®over time (=figure 20), the nean
total score was significantly i np=owed tp < 0.01) over 10 the control |evel
to 18.40 (+ 1.73); this is 68.1 ~ of the maxi mal val ue. Conparable results
were obtained after a pretreatment with 130 ~cg/m enovi::. Here, 6 out of
10 animals responded during the first testing with a nmean 15 pin prick
score of 1.70 (grdiuzbionio dadedbmBildaghi FAbSivebe ottedst, Rhatpl £a8iq 0nce
to a pin prick stimulafion wth a nean score of 2.40 (+ 0.22) and all 3
reacti ons wer e HofRAt/RRIEE %ﬁ§t?%@%ﬁfﬂﬁT§§ Wt & -r &fdrid StFaHe cunul ati ve
score, the meamigComE A0 @) adndayr8whsia7. 70 (+ 1.92), representing
65.5 of the total score. The present series of experinents indicate that a

singl e subpl antary §/ARRYG IO T RedVER (L6a8/é 0§ tagRtensre Y@l influced

sensory deficitye A% MasHad 25 oyl aopi Baoli akdt @90 Al WA Y IS seen when
the drug was applied both before and after taxol._ Enovin is a possible

candi date for FERSddmones Wit ntd 4P yreMbepFpRéral (A8 epmdr o an
neur ogeni ¢ COMNKY of Wgﬂa&}gmgs%giglw%saﬁ%% o 251 B

conduct ance di sturbances,” "and can play ulatory role in sensory
processes afterta @afsid@lmgongpicationoesl 0. emt &lo (swhiiteaas epi dur al

i ntrathecal, angd dike) S1 €81 € @RPLI gatkR 00/ 04050 - 65 1
0 JAN 2003 PCT/E 5%%5@031 Furt 3? itg?g morth&hile témhs enovin as a

di agnost il® t oolcans wichuaat gy ph/bewphat al dghcandsicdriges naridd area's

ment i oned abov - '§9Q Vi expar ion.| ' \Y; us

di seased ti ssugdsas?rhee@?}gc:ﬂesél o%%%]%n%gffE%%é%gﬁq%da%ﬁr{%{&%e yd a‘%g ysed

using the ABl RrtigmdMOBggueice Petbficenidd 8yst emiclativin, ®erkin

El mer) using mﬂ%¥i§%§”9@re resuspended in sonication buffer (20 mM
Tris-HCl, pH 8.0, 300 mM NaCl, 1 mM 2-mercaptoethanol,

15 protease inhibitors (Complete™ protease inhibitor

cocktail tablets (Boehringer Mannheim, 1 tablet per 50
ml buffer) and 1 mg lysozyme per 500 mg cell pellet).
Cells were disrupted by sonication and inclusion
bodies harvested by centrifugation. Inclusion bodies

20 were dissolved and incubated in buffer A (8 M urea, 20
mM Tris-HCl pH 7.6, 200 mM NacCl, 1 mM
2-mercaptoethanol) for 30 min at 37°C prior to adding
to Ni-NTA resin (nickel nitrilotriacetic acid,
Qiagen). After 40 min shaking at 37°C, samples were

25 washed once with buffer A and loaded onto a 5 ml
Ni-NTA column. The column was washed successively with
10 column volumes of buffer A, 10 column veolumes of
buffer A at pH 7.2 and 10 column volumes of buffer A
at pH 7.2 + 10 mM imidazole. The Enovin was eluted

30 from the column in 4 column volumes of buffer A at pH
7.2 + 200 mM imidazole.

Enovin refolding was performed by stepwise

overnight dizlysis at 4°C in renaturation buffer (0.1M



t echnol ogy devel oped and carried out at Pharmagene Laboratories Ltd,

Royst on, Unite? KiPPdonl The systen}usgs a quorogeRic prgbe to gengnan €3
sequence specific fluorescent signals during PCR The probe

ol i gonucl eot WEOURP3P | uorescent reporter and quencher dyes a??%@%%ﬁ?“?%
posi tioned between the forward and reverse PCR priners. \Wile intact, the
intensity of reporter fluorescence is sdppressed by the quencher. Should
the probe formpart of a replication 20 conplex, the fluorescent reporter
is cleaved fromthe quencher by a 5 to 3 exonuclease activity inherent in
Taq pol ynerise. The increase in fluorescent reporter signal within a
reaction is a direct neasure of the accunul ati on of PCR product. The
starting copy 25cdunbephosphat@aRNA. 1akgiaCdeqiehceyste)ines, d5t@Gh} i shed by

determ ning thenf thgnah AP nu (L) & i RCR product is
first detected Tw%%@ %gfn?ogfa%g¥§#g%hea?ﬁggrg%égn%%ﬂgiE%E%Sﬁgiges above a
t hreshol d basel cortauangi fiecaeashngf ambenasoort uofat atgetadtRV&D (éM each

<t andar d_cur ve. *°° 10ty adto0057er B0t Bab800: SE R BAGH att th and
qual ity cahtrol pRETEEcB9PLO6631 Wasahl Rhowaed seltatred faomdfd exrand
subdi ssected ti suglg usin% Tgi-ZgI r?aggng %Life 5 Technol ogi es,

Gai t hersburg, MPREEBRF HEE8r 8Phg PBCthE EUpprit8FS protocol . Quality
control procedures for all RNA sanples included an assessnent of integrity
(intact 18S and 28S r'bosona%ﬁENgg apd determ nation of the presence of

hi gh abundance (actiﬁ%rﬁﬁﬂsP 1 Eﬁgﬁaﬁﬁégn(F&gﬁ§Féﬁ39V*Qa ®r)
transcripts. Primer/probe design A pair of primers and a TagMan probe were

designed to anplify a specific sequence fromEnovin 15 Primer _. 5
ACGGTTCTCEAGGTGCTGT 2 3pSi fBr f3298entcefatheaBnoXds Fene was

amplified from cerebellum cDNA using primers
EVN (7)~spl (5'- TTC GCG TGT CTA CAA ACT CAA CTC CC
-3’) and PNHapl (5'- GCA GGA AGA GCC ACC GGT AAG G
-3") designed on the sequence of EMBL accession number
15 AC005038. The PCR reaction was performed in a total
volume of 50 pl, containing 1lx Expand Long Template
PCR reaction buffer (Boehringer Mannheim), 0.5 mM
dNTP, 1 M GC-MELT{ (Clontech Laboratories), 400 nM of
primers EVN(7)-spl and PNHapl and 1 ul of cerebellum
20 cDNA. After an initial 2 min at 94°C, 0.75 ul of
Expand Long Template polymerase (Boehringer Mannheim)
was added and cycling was done for 10 s at 94°C, 30 s
at 58°C and 3 min at 68°C for 10 cycles. Then, 20
additional cycles were performed increasing the
25 extension time at 68°C with 20 s every cycle. A final
7 min at 68°C were also included. The resulting 3.3 kb
fragment was purified after electrophoresis in a 0.8%
agarose/TAE gel and cloned in vector pCR2.1-TOPO using
TA-cloning (Invitrogen). Complete sequence analysis of
30 the 3.3 kb insert of one clone confirmed that the
obtained cDNA sequence corresponded to the genomic
sequence in the EMBL database (accession number

AC005038). No introns were spliced out in the cDNA



Probe 5: 5 CTACGAAGCGGTCTCCTTCATGGACG 3" 20 In addition a pair of priners
and. a TagMan probe were desi gned which span an intron and anplify gDQ%mt n
of the human GAPDH gene Priner 2: 2 5 5 CAGAGITAF ~. AGCAGCCCTGGT

4: 5 GAAGGT®® 06/0@BDCGGAGTCAAC 3' Probe 6: 5' TTTGGTCCG-ATTGGEEHEES/ 03130
Probe 5 is labelled wwth the fluor FAMwhile probe 6 is _~aelled with the
fluor VIC WO 00/ 04050 - 57 1 0 JA=d4BQ3 PCT/ EP99/ 05031 DNase treat nent
of total RNA For each tissue tested 2.2g of total RNA was digested with 2
units of RNase free DNase (G bco BRL) for 15 mnutes at roomtenperature in
a 20kl volunme of 5 1x DNase buffer (G bco BRL). The reaction was stopped by
addition of 2,ul of 25nM EDTA solution. The sanples were then incubated at

65C for 10 m nugesat QelndcbhVvateebdel @hzymea . First strand cDNA synt hesis 10
For each tissue tested 100ng of total RNA was used as tenplate for first

strand cDNA synthe5|§ rPRESRRAL | RRBPYRY uFBUeAnteARICRRILAE BHEsence of
50nM pri mers @gﬂng £ 1L PER-byE T e éit&FﬁwﬁfﬁdE&g€£ananﬁzéﬁwlNDG 2 was

heated to 72C for m nut es and cool ed 15 slowy 55C. After addition of
all ot her reageﬁ?élY§hé BﬁFePEb%¥lbna%@%e$%€h%§@e&ﬁéﬂ948t @br:3®9ﬂ2nutes

fol loved by an gpgymg rogeti yg@spn ﬁurﬁ@n%]%yrﬁ%fﬁiﬁe? QL put z;g&tgtlsﬂkﬂe ATP.

reacti on conditiond were as uf f er
dTTP, 20 dGTP, 8¢iP, fap. §8uh2tfs qu eﬁ/@%@nwtan‘smhp@a’s% Gmto BRL). PCR

anpl 1 cation of-bLeab 9t La0d PN prOdusk sy TheocDblA-flechyed Lham.200ng

total RNA for eac ected to Ication in a single
reaction to |deﬂYCi&Sb@nhthargellapdpﬂ$@tibmraﬁbeernshr¢he2édnaElls

primer/ probe CO{J%E‘QE ﬁQEhQ SaR%AE%ﬁ_xQ@ﬁr&% 3996M pg ”@;B.ﬁi\};%g%'\@@% rer

and 200nM probe ose wer e prlner priner 4 and
100nM proe 6. Thevesnald sofdcehidasi varefpoeheredeagéngsstantdhedr eacti on

were 9.50 glycepoleedy e laghRY BLREChy At ERLE B ELPREL, O 2RIM MICL 7y 430M

air-drying. The 3.3 kb probe for Enovin was
biotinylated and used for FISH detection. Slides were
baked at 55°C for 1 h, treated with RNase and

15 denatured in 70% formamide in 2x NaCl/Cit (20x
NaCl/Cit being 3 M NaCl, 0.3 M disodium citrate, pH
7.0) for 2 min at 70°C followed by dehydration with
ethanol. The probe was denatured prior to loading on
the denatured chromosomal slides. After overnight

20 hybridization, slides were washed and FISH signals and
the 4’,6-diamidino-2-phenylindole banding pattern were
recorded separately on photographic film, and the
assignment of the FISH mapping data with chromosomal
bands was achieved by superimposition of FISH signals

25 with 47’,6-diamidino-2-phenylindole banded chromosomes
(Heng & Tsui, 1993). Under the conditions used, the
hybridization efficiency was approximately 72% for
this probe (among 100 checked mitotic figures, 72 of
them showed signals on one pair of the chromosomes).

30 Since the 4’,6-diamidino-2-phenylindole banding was
used to identify the specific chromosome, the
assignment between the signal from the probe and the

short arm of chromosome 1 was obtained. The detailed



1 0 JA-J 2003 WO 00/ 04050 - 68 PCT/EP99/05031 dATP, dUTP, dGIP, dCTP, 2.5
units Anpli Tag Gold. The PCR anplification was carried out in the @%|N§m§0
sequence detection system an initial enzyme activation step of 95 A

mn was fol | weeah/tdys045 5 cycl es of 94C 15 secs, 60C 1 min (m MGHERPAM3!
time) . Diseases and tissues tested Enovin nRNA expression was conpared in
ti ssues 10 derived from di sease patient$%nd normal control individuals
(Figures 25 and 26). The tabl e bel ow shows the di seases and correspondi ng
ti ssues that have been investigated. For each condition, three diseased and
three control sanples were anal ysed. 15 20 Pat hol ogTi ssue 1Ti ssue 2Ti ssue
3Al zhei mer' st enpor al hi ppocanpusocci pit al di seasecortexcortexMil ti pl espi nal

cordperiventi cubasceighelhymeet hosi g¥bétAined based upon the summary
mat t er Par ki nson ssubstantlaputanencerebelIun1Id|seasenlgraCancerCDIonbreast
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val ues also to conpare the nean Enovin nmRNA expreSS|on I"'evels i'n nor mal
versus 1 0 JApraop3eWnfobhe4nsppinggresults is presented in Figure

4B.
From the gene map data at the National Center for
Biotechnology Information (NCBI,

10 http://www.ncbi.nlm.nih.gov/genemap), it can be
deduced that the genomic clone containing ths Enovin
sequence (EMBL accession number AC005038) is located
on chromosome 1, between markers D1S2843 and D1S417.
This corresponds to chromosome 1, region p3l1.1 to

15 p32.3, confirming the data obtained by FISH znalysis.

Tissue distribution of Enovin as determined

by Northern blot and dot blot analysis.

20 Northern blots containing 2 ug of poly(zx)-rich
RNA derived from different human tissues (Clcntech
Laboratories, Palo Alto, CA, USA; MTN™ blot, MTN™
blot II and Fetal MTN™ blot II) were hybridised
according to the manufacturer’s instructions with a

25 (x=-¥?P-dCTP random-priming labelled (HighPrime kit,
Boehringer Mannheim) 897 bp Enovin fragment. This
fragment was obtained by PCR amplification with
primers PNHspl and PNHapl on frontal cortex cDNA and
subsequent cloning in vector pCR2.1-TOPO. The fragment

30 contains 897 bp of Enovin sequence up to the stop
codon and includes the complete coding sequence for

the mature Enovin protein.



di seased tissues. PCT/EP99/05031 Figures 25 and 26 show t he nmeap Enovin
MRNA copy nunbers ( SD; n=3) in diseased versus control tissues! 0 JAN 2003
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copies per 100 ng total RNA on average versus 200000 copies of GAPDH), .t he
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control: in breast dychal aHeNOGAH LI do¥Bctddea ENQVing 1 ARNA 8618531 ¥ | evel
is 6 times higher (6000 versus 1000 ; p = 0.007), but the GAPDH contr ol
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present in liver and to a lesser extent lung. Other
transcripts are also present in fetal kidney, liver,
10 lung and brain.

Irn addition an RNA master blot (Clontech
Laboratories) containing poly(A) rich RNA from
different human tissues and develcpmental stages was
also hybridized with the 897 bp Enovin probe. The

15 poly(A) rich RNA samples used for making this blot
have been normalized to the mRNA expression levels of
eight different housekeeping genes by the
manufacturer. Enovin mRNA was expressed ubiquitously,
but highest mRNA levels were apparent in prostate,

20 pituitary gland, trachea, placenta, fetal lung,

pancreas and kidney (Figure 5D+E).

Construction of GFRa-IgG-Fc fusions vectors

25 cDNA regions of GFRa-1l, GFRa-2 and GFRa-3 (coding
for amino acids 27 to 427, 20 to 431 and 28 to 371,
respectively) excluding the sequences coding for the
signal peptide and for the COOH-terminal hydrophobic
region involved in GPI-anchoring were cloned in-frame

30 in the expression vector Signal pIg plus (R&D Systems
Furope Ltd). The resulting proteins expressed from
these constructs contain a 17 amino acid NH,-terminal

CD33 signal peptide, the GFRa protesin region and a 243
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ki nases activated in the neurotrophic pathway or by neasuring t
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19%8f98§fie88{£ a protein A column (Protein A

Sepharose, Pharmacia Biotech). Bound protein was
eluted with 0.1 M Na citrate, pH 3.0 and collected
into 1 M Tris buffer, pH 8.4. Protein concentration
was estimated by absorbance at 280 nm using an
extinction coefficient of 1.5. These purified soluble
GFRa~-1 to -3 Fc fusion proteins were used for

subsequent binding studies.
Surface plasmon resonance analysis

Surface plasmon resonance (SPR) experiments were
performed at 25°C using a BIAcore 3000 instrument.
Analyses were performed with enovin and NGF as
immobilised ligands. The carboxylated matrix of a F1
sensor chip was first activated with a 1:1 mixture of
400 mM N-ethyl-N-(dimethylaminopropyl)-carbodiimide
and 100 mM N-hydroxy-succinimide for 10 min. Than,
recombinant enovin and NGF were applied onto the
activated surface in 10 mM acetate buffer, pH 4.5 at a
flow rate of 5 ul/min. Unoccupied reactive groups were
inactivated with 1 M ethanolamine hydrochloride. For
binding experiments, soluble GFRal-3-Fc were
superfused at concentrations of 10-100 nM in HEPES
buffered saline (150 mM NaCl, 3.5 mM EDTA, 0.05 %
P-20, 10 mM HEPZS, pH 7.4) at a flow rate of 10



serumin PBS/0.1% Triton for 60 mn. -lIncubate the cells with
phosphospecific antibody in 50 ~1 5% BSA//PBS/ 0. 1% Triton, over nilghAN 2003
4C. Anti body dilution should be experinmentally determ ned, 15 suggested
range 1: 100-WOXBE4050\\ash cells 3x with 200 ~1 PBS/ 0. 1% Tri t on ACIERYIP03!
-Incubate with secondary anti body HRP linked, dilution 1:100 in 50 ul 5%
BSA/ PBS/ 0. 1% Triton, for 1 20 h at room*enperature. -Wash cells 3x with
200 ul PBS/0.1% Triton for 5 min. -Dissolve 1 tablet of OPD (Signa) in 25
m buffer (3.65 g citric acid-H20 and 5.9 g NaZHPO~-2H20 in 0.5 25 HzOQ pH
5.6) and add 12.5 ul HzZOz. Add 50 ul to each well and incubate for 15 mn
on shaker (200 rpn), covered with alumniumfoil. -Stop the reaction with
25 ul HzSQCa. . .nlAkdsurEh@DOSSPEsat dant esBnbSAtpeadefor3G mih @ndiAPJ Z003

WO 001 04050 - 72. _ PCT! 0] 1 nc |.i c dpopani nergi c, neuronal

cul ture Neurona 1%%§?%$€?§A %go%g$§§UI?giggwﬁgrggpFSSEPgEaFF8RIVﬁghventral
nmesencephal on o rfiddeNabHr abi byoehayiehi saandnirechasdcbl duppersisadn The

ti ssue was coll ect.ed ed_iLn_ice-cold Ca2+_-_and z' -free phosphate
buffered sali ne“c%*ht%?ﬁ?i}‘b? 65e<3| 588§Be(PéS%fAﬁﬁaeg/gViaﬂrBGE&Pé’d for 30 mn
with PBSGscont asaftngafel 3rypsis ated7€o thecothkesuspeasiseriwasopl ated at
a density of 2.5 105 I I's/,cn? anto 96 well NUNC tissue culture plates. In
advance, cmtlﬂ%?%ﬁafgs’wé%f%ﬁﬁﬁ%ﬁf%ﬁt??%%l ﬂﬂ-@PﬁiF%ﬁu?%%ﬁ%%ﬁﬂ%um
containing 10 aifsoebelatbocatbnseants TRe CeHIdcliBSt¥@r£s MRj K qi ned in
chenically defined medium (CDM), conposed of a 1:1 mixture of Dul becco's
Modi fi ed Eagl es nmedium and F12 Nutrient supplenmented with glucose (0.6 9,
glutamne (2 mM, sogidgnlicarbonate (3 mV), HEPES (5 mM, insulin (25

10
SPR was used to measure binding of soluble

GFRal-3 to immobilised enovin. Specific binding to
enovin could be detected with the soluble GFRa3 only.
GFRal and GFRa2 did not bind to the immobilised

15 enovin. The observed binding of GFRa3 was specific as
there was no binding to NGF. In the separate control
experiment specific binding of TrkA-Fc (NGF receptor)
to the immobilised NGF was detected without binding to
immobilised enovin.

20 From the binding curves obtained using three
different concentrations of GFRa, the following
constants in Table 3 were derived. These results

demonstrate that GFRa3 binds specifically to enovin.

25 Table 3

K, (1/Ms) K (1/s) K, (M)
GFRa3 1.65 105 5.08 107 3.1 10°°

Since GDNF, NTN and PSP all promote the
30 maintenance and survival of different types of
neuronal cells, it is anticipated that enovin has

similar biological effects on nerve cells and,



20 ug/m), human transferrin (100 ug/m), putrescine (60 ug/m), sodium
selenite (30 nM, streptonycin (100 ug/m) and penicillin (100 'thijng%
Treatment with neurotrophic factors 25 Neurotrophins were dls(ﬁbgﬁgm

0 bovi ne seVEhO8HM3Ki n as a stock. Neurotrophins were added oot
initial plating and after 5 days in cul yre. The sane anount of 0.5 %

bovi ne serum al bumi n was added to 30 th& control wells. 1 0 JAPd 2003 WO
00/ 04050 - 73 High-affinity dopam ne uptake PCT/ EP99/ 05031 Dopam ne uptake
was neasured after 10 days. For the uptake, cells were washed twice with
pre-warnmed 5 PBS suppl emented with glucose (5 mM, ascorbic acid (100 mV
and pargyline (100 mMM and pre-incubated for 10 mn with the sanme sol ution.
The pre-i ncubatoiassidol yut iQJ‘n ofeze ¥ epe bbetye s htathe BeameeSotet i b0 Cont ai ni ng

50 nM [ 3H] DA 3 t ak

stogpec[j Il;“y 3 ?ag“}d'nswgg es W h |02é€9Y%?ﬁ%%pt%h ?rr%lg?edu{)ﬁﬁggﬁmg?n ne
was rel eased by desdunptt ngf vmethraablcdimmmdem hanajeri@raBD moladifngom

t enper at ur e. Ra_dl %Cts'l%d (%a éerﬂﬂ%juﬁgd} %@dégéggaé)%gf%h@ra

scintillation I|qU| uﬂtlna go usi ng
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cocai ne. 20 Tab f enovin_on dopam ne upt ake Treat nent
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111 4 25 enovi syl ngdnd r 51,2 indl e Ve ns 20O i M pddidpBeral nerve
trauma or injury and exposure to neurotoxins.

Enovin could also be useful in various aspects of

10 neuroprotection. Considering its effect on survival of
different neuronal cell populations and on the
observed neurite extensions in our model of SHSYS5Y
cells, we propose that this compound could have
neuroprotective and neuroregenerative applications.

15 This is based upon the following observations.
Taxol induces neuronal apoptosis in NGF-differentiated
2Cl2 rat pheochromocytoma cellis (Nuydens et al,
submitted). Therefore, taxol induced cytotoxicity has
features of neuronal apoptosis, as monitored by DNA

20 Zragmentation, Annexin V labelling and bcl-2
orotection. As an extension, therefore, it can be
deduced that taxol induces apoptosis in differentiated
SH-SY5Y cells. Enovin is now shown to be able to
reduce this cell death and therefore may reverse

25 neuronal apoptosis in general.

The compound may therefore be helpful in the
following neurodegenerative conditions in which
egpoptosis has been observed, stroke (Hakim 1998),
Sarkinson’s disease (Marsden et al 13598), Alzheimer’s

30 disease (Nagy et al 1998), Huntington’s disease
{Wellington et al. 1997), Neurctraumz (Smirnova et al.
1998), Peripheral neuropathies, (Sririvisan et al.
2998).



enovin 9000 ng/m 161 | enovin 10000 ng/m 155 2 30 Cells were grown for 10
days in the presence or absence of enovin. Untreated controls wer [kéﬁ LS

| 00 ~ 0 ~ar~ zoo3 WD 00/04050 - 74 % Results are obtained in 1-
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& Lipman, D.J. (1990) Basic | ocal allgn%%nf search tool, 5J. MIl. Bi~l

215, 403-410. Angrist, M, Bolk, S.,.Hatushka, M, Lapchak, P.A &
Chakravarti, A (1996) Cernline nutations in inaI cell line-derived
neurotrophic factor (GDNF) and RET 10 in a Hi rschsprung di sease patient.
Nat ure CGenetics 14, 341-344. Baloh, R H, Tansey, MG, Colden, J.P.,
Creedon, D.J., Heuckiks acirh,ex@mple Keok,tHe LlgsZiohimpical Dildication,

we have shown that this neurotrophic factor actually
protects differentiated SH~SY5Y human neuroblastoma

cells against taxol-induced cell toxicity.

Methodology of Viability measurements

Cell viability was determined by adding 100 ul of
a 1 mg/ml 2,3-bis [2-methoxy-4-nitro-5-sulphophenyl]-
10 2H-tetrazolium-5-carboxanilide (XTT, Sigma) solution
in DMEZM (37°C) supplemented with 0.02 mM phenazine
methosulfate (PMS, Sigma) to each well. The plates
were then incubated at 37°C for 2.5 hours. The optical
densities were read (Molecular devices) at 450 nm,
15 using 650 nm as a reference. The XTT assay is based on
the conversion of the tetrazolium salt XTT into a red
colored formazan product. This reaction is performed

by mitochondrial enzymes.
20 Methodology of neuronal differentiation

1. Differentiation in human neuroblastoma SHSYSY
cells
SHSY5Y cells are differentiated for 5 days with
25 25 nM staurosporine. Effect of Enovin 1is measured 72
hrs after start of the experiment. (reference Jalava
et al. “Protein Kinase inhibitor staurcsporine induces
a mature neuronal phenotype in SE-SY5Y human
neuroblastoma cells through an a,b,z PKC independent
30 pathway” Journ cell Physiol 155, 301-312 (1983)).
2. Measurement of neurite extension.

Morphological changes of neurones were
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could be followed from one image field into the next.
15 Automatic detection of the neurite extensions, labeled

by polyclonal tau antibody was performed using an

unbiased detector of curvilinear structures (Steger

1998). The analysis software automatically calculated

total cell body area, number of cell bodies and total
20 neurite length.

To investigate the effect of enovin on different
cell types, two assays were performed, a DNA synthesis

assay and a chemotaxis assay.

25 DNA synthesis assay

Cells including human dermal ZIibroblasts (39SK),
human umbilical vein endothelial cells (HUVEC), human
smooth muscle cells (HSMC), human chondrocytes, and

30 rat osteoblasis were maintained in DMEM containing 10%
FBS (39-SK, ESMC, rat osteoblasts) or defined media
(chondrocytes and HUVEC) at 37 °C with 5% CO, and 95%

alr. For ths DNA synthesis assay, cells were seeded
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1 containing 5% FBS and 0.1 uCi of [*H]-thymidine.
Following 2 h of pulse labelling, cells were fixed
with methanol/acetic acid (3:1, vol/vol) for 1 h at
room temperature. The fixed cells were washed twice
with 80% methanol. The cells were solubilized in
18 0.05% trypsin (100 ul/well) for 30 min and then in
0.5% SDS (100 ul/well) for an additional 30 min.
Aliquotes of cell lysates (180 wul) were combined with
2 ml of scintillation cocktail and the radiocactivity
of cell lysates was measured using a liquid

20 scintillation counter (Wallac 1409).

Chemotaxis Assay

Cells were maintained as described in “DNA

25 Synthesis Assay”. The chemotactic activity of Enovin
was analyzed using a 12-well modified Boyden Chamber
(McQuillan, D.J., Handley, C.J., Campbell, M.A.,
Bolis, S§., Milway, V.E., Herington, A.C., (1986),
“Stimulation of Proteoglycan biosynthesis by serum and

30 insulin-like growth factor-I in cultured bovine
articular cartilage”, Biochem. J. 240:423-430). Cells
were trypsinized using 0.05% trypsin and 0.5 mM EDTA
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F. GDNF: a filial
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The membrane was fixed w1th lOo formaldehyde for 15
min, followed by staining with Gill’s strength
hemotoxylin. Cells were counted under microscopy (250
x magnification), and the average of cell counts from
15 five areas of each well was used. Each experiment was
repeated at least four times. The results were
expressed as the fold of control (DMEM containing 0.1%
BSA) .
As illustrated by the results in Figure 8 to 18,
20 enovin has no effect on proliferation in each of the
cell types used, or on the migration of HUVEC cells
(Figure 14) as described above. There was an effect
of enovin on SH-SY-5Y neuroblastoma cells. This
demonstrated enovins selective effect on neuronal
25 cells.

Both GDNF and NTN have been shown to signal via a
signalling complex composed of a ligand-binding
subunit, either GFRa-l.or GFRa-2, and a signalling
subunit, the cRET protein tyrosine kinase. Enovin 1is

30 expected to exert its biological effects via a similar
signalling complex composed of a GFRa binding partner
(either GFRa-1, GFRa-2, the recently characterised

orphan receptor GFRa-3 or other as yet uncharacterized
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K.S., CGolden, J.P.,. vies, J. A, Vejsada, R, to,. A C .. nes, M,
Sherman, D., NFSHIThRLE doamns ne .,a%oq%@ﬁu%l%f%{?c SPruRfein,
R D. , Poul seridéase GHRCR)C. (RdmCet. A ., Holer seer®. & ,aPhillips, H. S
25 & Johnson, E. M J%¥U§1998) Per sephi n, _a novel neurotrophic factor

rel ated to GDNR 1435 1t Bdurort SRP 4 B8 A3TRTRS MRV, Kiein,

R D., Farinas, agssociatedd with utArdmmdtiilMy, Rt ipseséhspRehghardt,
L.F., Ryan, A.M, Carver-More, K & Rosenthal, A (1996) Renal _and
neur onal 18bnor FESS3ES THrE e MRS Py cause of congenital

bowel obstruction in infants. Interestingly, GDNF and
cRET knockout mice exhibit remarkably similar
pathologies with renal agenesis and intestinal
aganglionosis (Sanchez et al., 1996, Moore et al.,

15 1996; Pichel et al., 1996). Enovin could be involved
in similar disorders of the gut or the kidneys or,
since it is ubiquitously expressed, could be important
in the development of other peripheral organs in the
body.

20 The interaction of ligands with their receptors
is generally achieved by the interaction of specific
bonds from particular residues in both proteins.
Fragments of a protein can serve as agonists
activating the receptor to elicit its growth promoting

25 and survival sustaining effects on cells. Parts of
enovin or synthetic peptides based on the enovin
protein sequence can therefore be useful as agonists
or antagonists to regulate its receptor GFRa3. Using
peptide synthesis or recombinant techniques, hybrid

30 growth factors composed of parts of GDNF, NTN or PSP
or any other neurotrophic or growth factor with parts
of enovin can be produced to yield & novel synthetac

growth factor with new properties.
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taxol- 1nducéd eficits
10 Reversal over time of taxol-induced sensory
dysfunction.
Procedure

Male Sprague-Dawley rats, weighing 300 - 340

15 gram, were used. The animals were housed individually
with food and water ad lib. Before the start of the
experiment, the animals were placed in standard
observation cages and after a habituation period of 15
min, the pin prick reflex was evaluated. To do so, the

20 plantar surface of the right paw of the animal was
stimulated with a needle and the reactivity to this
pin-prick was scored as either present (score = 1) or
absent (score = 0). Within one session, the procedure
was repeated three times with a time interval of 1 min

25 between 2 consecutive stimulus presentations; as such
the pin prick test consisted of 3 measures of
reactivity to a pin prick. Only rats having ncrmal
reactions on the 3 pin pricks were included in the
experiment.

30 On the 3 consecutive days in the morning, the
animals received daily a subplantar injection of 50 ul

of taxol (3 mg/ml paclitaxel dissolved in cremophor
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3 pin prick presentations) were performed after the
last drug tresatment, the maximal score to be reached

20 over the totzl time period of the experiment is 27.

Results
Repeated subplantar injections of taxol over 3
consecutive days results in an acute inflammatory
25 reaction with a lack of responding to a pin prick
stimulation in the majority of animals. A subplantar
injection of saline or vehicle did not affect the
taxol-induced deficit. At the first measurement, only
4 out of 20 controls showed at least 1 reaction to the
30 three pin pricks and the mean (+ SEM) pin prick score
of the controls at the first measurement was 0.25 (+
0.12); this in contrast to the starting of the

experiment where the mean score was 3.0 (x 0.0)
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mot cr neur ons. 3Nattuima137.3 T3@1 B lat X gﬂm12©®3k55¢6r250?0t%@ 00/ 04050 -
85 r controls over time is presented in Figure 19. Because
the animals were tested 9 times over an 8 days period,
10 the maximal score to be reached with 3 pin pricks at
each test is 27. As seen on the graph, a subplantar
injection of saline or vehicle was unable to reverse
the taxol-induced deficit over the time period tested.
The mean total cumulative score of the controls at the
15 end of the experiment was 5.10 (+ 0.87); being 18.9 %
of the maximal score to be reached.
A single subplantar injection of 75 ul of 23
u#g/ml enovin, resulted after the first measurement in
4 out of 10 rats responding at least once, with a mean
20 pin prick score of 0.70 (x 0.33). At day 8, all 10
animals responded at least once to the pin prick, and
a normal reactivity was present in 5 out of 10 rats.
The average pin prick score of this group at day 8 was
2.20 (+ 0.29).As compared to the controls, the average
25 cumulative score at the end of the 8 days of
measurement was significantly increased (Mann -
Whitney U-test, two-tailed, p < 0.01), reaching a mean

pin prick score of 14.50 (+ 1.96) (Figure 19). This is

¥

53.7 % of the maximal score.

30 Also with an subplantar injection of 130 ug/ml
enovin there was improved efficacy against the
controls. At the first measurement after 130 ug/ml

enovin, 6 out of 10 rats reponded a: least once with a



Li st of abbreviations BLAST basic |ocal alignnent search tool bybase

pai r scDNAconpl enent ary DNACNScenTral nervous systenESTexpressed d0ugheias

t agEVNenovi nGDNFgl i al cell-1ine derivedneuYotrophic factor GFRaGDN fanily
recept or aGPW@ 0p®eespl phosphati dyl inositol MICrul ~i pl e ti ssue PCT/EP99/0503
cDNANTNneu=t ur i nPCRpol vnerase chain rgag i onPNSper i pheral nervous

syst enPSPper sephi nRT- PCRr ever se transcr Btron PCRTG--:transform ng growth
fact or Fl SHf | uorescent in situ hybridisati onMINnultiple tissue

nort her nNGFnerve growt h factor SPRsur =ace pl asnon resonance PCT/ EP99/ 05031
10 ~~rr 2003 86 Clains: 1. An isolated nucleic acid nol ecule encoding a
human neurotrophic growth factor designated enovin and having the am no
aci d sequence indarstpin epkigk Rigare df brl@néhd? ndS k. shyudage8whath has at

| east 70% and pyref % r % ajym aci wi th the am no
aci d sequence ﬁ]cfu%ﬁg JEéscl%loeng I guéﬁcg tlo%# g\é%%%l %%]% ég%%g¥écﬁf€ha%cor di ng
to claim1l whictedrs sc®NA abl 2040 e(+ 3. 2 huchencrezl dreatetulieyacsording to
claim1 or 2 ich is C lecule, 4 uckeic acid | ecul e_according
to any of cIa?&??L%(Pibré%yﬁégnWﬁfrﬁﬁﬁ%ﬁ%€;£?dgs%%%eﬂ%e1¢?5ﬁ$§OST??ons 81
to 419 of % he saguenpe cinuidtriated ot Figimeptich. séorésot athd endl efc aci d
nol ecul e accor iQ% to any of clains, 1 to 5 havin 7a%§u?leic9§gid sequence
correspondi ng t9'% HEREGUEHE: Gt AT MR ¥pFi cb ¢riAant s28ési fhafed from
position 5=-1 tis 3317 0% &f -2heortdtambesdioleSsc@réoags-2 or 3'-3 of the
sequence illustrated jn Figure 21. 6. A nucleic acid nplecule according to
any of clainms BYPEIHRR t%ﬂ??ﬂﬁﬁ%i%sa%?%pgﬁﬁgeB%etF?l%%?Fé?%d in Figure
1 or 21. 7. And:5sei@mt gsl humegn neur ot rophic growth factor encoded by a

nucl eic acid nol ecule as defined in any of clains 1 to 6. 8 A growh
factor aéébrding to claim?7 conprising the am no acid sequence from

position 27 to 139 0prdden &BAGALE de 5RJUSECEakb) Uphaated ganﬁbggre 1, or
encodi ng a sequence which has at |east 70% and preferably 80% % or 95%

am no aci d honol ogy dysfundeiemi no acid sequence illustrated in Figure 1
Procedure
15 Male Sprague-Dawley rats, weighing 300 - 340

gram, were used. The animals were housed individually
with food and water ad lib. Before the start of the
experiment, the animals were placed in standard
observation cages and after a habituation period of ib

20 min, the pin prick reflex was evaluated. To do so, the
plantar surface of the right paw of the animal was
stimulated with a needle and the reactivity to this
pin-prick was scored as either present (score = 1) or
absent (score = 0). Within one session, the procedure

25 was repeated three times with a time interval of 1 min
between 2 consecutive stimulus presentations; as such
the pin prick test consisted of 3 measures of
reactivity to a pin prick. Only rats having normal
reactions on the 3 pin pricks were included in the

30 experiment (pin prick score = 3). After this control
measurement, the animals were randomly divided in

subgroups (n = 10 / group) receiving an subplantar



10 ~ar~ 2003 s~ 9. A growh factor according to claim7 or 8 conprising the
am no acid sequence illustrated in Figure 1. 10. A growh factor &g§cinoifiig
to claim?7 conprising the am no acid sequences illustrated in Fi%ure 3 or
24, 11. An XPro8%94es8n vect or conprising a DNA nol ecul e accor dfhlf F'GR) of
claims 2 to 6. 12. An expression vectgre%cgording to claim10 or 11
conprising a further nucleic acid sequence encoding a reporter nol ecule.

13. A host cell transfornmed or transfectfed with the vector according to any
of claims 10 to 12. 14. A host cell according to claim 13 which cell is a
eukaryotic or bacterial cell. 15. A transgenic cell, tissue or organism
conprising a transgene capabl e of expressing human_neurotrophic factor

enovi n accordingnB©C§h9no%nc¢%$n¥Pg¢g hpndiBawacfr ddsdénPE eéthertissue or

organi sm accor dy g 9ol 8EMAS ohesebl 380 dubyANSERBE; AOMBELIES Ankect Or
according to anylo% claims 10 to 12. 17. A nedrotrophic growt actor
expressed by a @effezevcrdi were ockggrvedcharnsen3the 16sul8s afngbeot r ophic

ggogfgiLﬁggogre§g5@é%ggaonéﬁgggggggggeeeeghimgh§§usoeﬁ grgapisiragcording
5 joined (control group). During the 3 consecutive days,
the animals received daily a subplantar injection of
50 ul of taxol (3 mg/ml paclitaxel dissolved in
cremophor and dehydrated alcohol plus water) in the
right hind paw. At days 1, 4, 5 and 7 after taxol, the
i0 pin prick test was performed both in the morning
(between 8 and 9 a m ) and the evening ( between 3.30
and 4.30 pm). On day 8, a last pin prick test was
done during the morning. For each animal, the
cumulative score of reactivity to the pin prick was
i5 measured over time. Because in total 9 pin prick tests
(each consisting of 3 pin prick presentations) were
performed after the taxol treatment, the maximal
cumulative score to be reached over the total time
period of the experiment is 27.
20
Results
A subplantar injection of saliine or vehicle
before taxol did not prevent the taxol-induced deficit
in the pin prick test. At the first testing after
25 taxol, B8 out of 20 rats responded at least once to the
pin prick, with a mean pin prick score of 0.60 (+
0.18). At day 8, the taxol-induced deficit was still
present, with only 8 out of 20 animals responding and
having a mean score of 0.8 (+ 0.23).Within two
30 animals, a normalised pin prick reflex was present.
Over time, the cumulative pin prick score was also

reduced, resulting in a mean value of 6.55 (+ 1.08),

N

which is 24.3 % of the maximal score (Figure 20).



19. Use of a nucleic acid nolecule according to any of clains 1 to 6 in the
manuf acture of a medicament for treating or preventing neural dii@&@&Wﬁi n
a subject. 20. Use according to claim 19 wherein said neural dis '@
sel ect ed frowoeay4aso t he group consisting of Parkinson's di seBEBEP99/05031

Al zhei ner' s di sease, neuronal disorders associated wth expanded

pol ygl ut am ne sequences such as Hunting®bns di sease, peripheral neuropathy,
acute brain injury, nervous systemtunburs, mnmultiple sclerosis, anyotrophic
| ateral sclerosis, peripheral nerve trauma, injury exposure to neurotoxins,
mul ti pl e endocri ne neoplasia, famlial H rschsprung di sease, Prion
associ at ed di seases, Creutzfeld - Jacob di sease, stroke, pain syndrones

w th a substantial | ypperigateiedit aritteri3 alg MeUr€agei e £0aRes88nthe
rheumatic/inflammatory diseases as well as conductance distuyrbances. 21.

Use of a neur ot 70 & Htsch ded It Siridih P o BEYFhf 2F 888 ¥:t® 10 in

the manufact ur e;f @ nEdieameNts fdrsgdreld Nt e VEREE NJaRQUE RE ,
di sorders. 22. Use according to claim20 wherein said neural disorder is

sel ected from @WPIAIR MRETYFFHE K HTEQER IWRF of - PrlikihsbW) s 4F sdaes,

Al zhei ner'ss di se@s e n ORI r iR AP SPUi L A Ns83PaNGRd; 50

pol ygl utam ne sequences, such as, Huntingdon's disease; peripheral

neur opat hy, acut®e &rdiln Hgr@ y, aldmMahss LSRaAd e Eha auFerpF&vEEYer osi s,
anyotrophi c | atgf al) G Q¥ REPIMNEFA . NeIMe ddpur@ of fRbury or
exposure to neurotoxins, multiple endocrine neoplasia famlial H rschsprung
di sease, Prion @E&bed el HSRENg Q&R Aol (Fleed dPseathe merbke,

pai n syndromes wt gd&tqil,st“paryisql i PEfd eF almProredt {8l < NgUppgeni
conponent, rheuﬁn%téllc?sl nf | ammat ordy di seases asmp’\j\x/ec?l asqgoﬁdgc?ggcgbgr

di st ur baddes. 2de ApHaraiadandicdlo dohpdsi t4 oh tonprikinagia ABelekcobcid

nol ecul e accordi ins 1 to 6 together with a pharnaceutically
accept abl e car?dl}{ekg,rﬁa&f uent?jaolﬁlegxci pi ent therefor. 1 0 JAN 2003 89 24, A
phar maceut i cal conpoSenparrakclenpre ssils aveprovebt§awedradteordi ng to any of

clains 7 to 10, it h hﬁ{gﬁf ti ). a able rrpe

di l uent or excippﬁtegt%féﬁ?ng téjrhtq’bg e'o aerc]ﬁga‘%]%{i'sﬁ%géhn{segﬁ?eggcggrdi ng

to claim6 in tdreimehafeetnoredad dumipdj camenfifse teshinagwbthpaemeani ng

neutral disorders iaje over essi r r i yit f enovin. 26.

Use acco(ric?l ng tol%[gl lm&ézls,dcc\g\%% c%ten]g')tj’r)qal ?ﬁi(gbnzsrg)e'r OA|/§ cfiggeg«‘ac (]é fromthe

group of any ofarPanklsnseres mhadasey #t zZled serorsceli seasepinepronal
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grow h factor in a sanple conprising an anti body according to claim 27 and
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30 conductance disturbances, and can vlay a modulatory

role in sensory processes after transdermal, topical,

local, central (such as epidural, intrathecal, and the

like) and systemic application.
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under LMBP ACC@ﬁésoﬁtbbch@®BPr89Bi podltiondd. Between the forward

.ALS, ?. Au?. A@ A&@ AH. A95?. Al . A A Au, W%A A5S. hAAA A9?. A a. Af ?.
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ca] ca] ca] ca] ca} 23FGRUpBmerase. The increase in fluorescent

|mmnhcAY]ca]ca]ca]ca]ca]ca]ca]ca ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]cRa]ca]c
a]ca]ca]Ca]Ca]éaP@éF@é]éayéé}cﬁ} hin a reactlon is’ a direct measure

of the accumulation of PCR product. The starting copy
25 number of an mRNA target sequence (Cn) is established

by determining the fractional PCR cycle number (Ct) at

which a PCR product is first detected - the point at

which the fluorescence signal passes above a threshold

baseline. Quantification of the amount of target mRNA
30 in each sample is established through comparison of

experimental Ct values with a standard curve.
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???2?2?7?2???? @DALAF AgAA} xsni d_ZU] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca]ca]ca]calc

a] ca] ca] ca] ca] ca] calk & <A db‘]%f%ﬁ’é%]% cd] tagal oy ehe Aepe
designed to amplify a specific sequence from Enovin
15
Primer 1: 5’ ACGGTTCTCCAGGTGCTGT 3’
Primer 23: 5’ TGCTGCCGACCCACG 3f
Probe 5: 5’ CTACGRAGCGGTCTCCTTCATGGACG 3’

20 In addition a pair of primers and a TagMan probe
were designed which span an intron and amplify a

portion of the human GAPDH gene

Primer 2:
25 5’ CAGAGTTAEAAGCAGCCCTGGT 3’
Primer 4:
5’ GAAGGTGAAGGTCGGAGTCAAC 3’
Probe 6:
5" TTTGGTCCGTATTGGGCGCCT 3’
30
Probe 5 is labelled with the fluor FAM while
probe © is lzpelled with the fluor VIC.
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(which are normally distributed)

10 {(Ct~4G6.007)/-3.62

0

converted into Cn values according to the formula Cn

and were then

. Analysis of variance (ANOVA) was

performed on the Ct values also to compare the mean

Enovin mRNA expression levels in normal versus
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the Enovin expression level in the periventricular
10 white matter is quite low in normal tissue (270 copies
per 100 ng total RNA on average versus 200000 copies
of GAPDH), the level is three times higher (825) in
patients with multiple sclerosis.
Only one other diseased tissue showed a
15 significant difference versus normal control: in
breast ductal adenocarcinoma, the Enovin mRNA
expression level is 6 times higher (6000 versus 1000
p = 0.007), but the GAPDH control value is also
significantly increased (165000 versus 44000 ; p =
20 0.03), probably representing a general increase in
mRNA levels.
In conclusion, we have found Enovin mRNA levels
to be upregulated in the periventricular white matter
of patients with multiple sclerosis.
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Assay
Using this assay we can identify agonist or
10 antagonist compounds of neurotrophic growth factors by
measuring the activation of key signalling kinases
activated in the neurotrophic pathway or by measuring
the activation of cRET receptor kinase. The activation
is measured by detecting the amount of phosphorylated
15 kinase or receptor kinase using phospho-specific
antibodies. We will use NIH 3T3 cells expressing
transiently or permanently TrkA, TrkB, TrkC,
GFRal/cRET, GrRa2/cRET, GFRa3/cRET or GFRad4/cRET.
The activation of p42/p44 MAP kinase, PKB kinase,
20 c-jun, CREB, JNK/SAPK kinase and other kinases is
detected using commercialy available phospho-specific
antibodies. In addition, cRET activation can be

deleted using phospho-specific ¢cRET antibody.

25 The protocol used was as follows:

-Plate NIH 3T3 cells in 96-wells in 10% calf
serum, cells have to be 80% confluent before
stimulation.

-Next day, replace medium with serum-free medium

30 and starve cells for 18-24 h.
-After starvation stimulate cells with compounds

and neurotrophic factors as positive control (10 ng/ml
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in 50 wpl 5% BSA//PBS/0.1% Triton, over night at 4°C.
Antibody dilution should be experimentally determined,
15 suggested range 1:100-1:250.
-Wash cells 3x with 200 wl PBS/0.1% Triton for §
min.
-Incubate with secondary antibody HRP linked,
dilution 1:100 in 50 ul 5% BSA/PBS/0.1% Triton, for 1
20 h at room temperature.
-Wash cells 3x with 200 pl PBS/0.1% Triton for 5
min.
-Dissolve 1 tablet of OPD (Sigma) in 25 ml buffer
(3.6% g citric acid-H,0 and 5.9 g Na,HPO,-2H,0 in 0.51
25 H,0, pH 5.6) and add 12.5 pl H,0,. Add 50 nl to each
well and incubate for 15 min on shaker (200 rpm),
covered with aluminium foil.
-Stop the reaction with 25 ul H,S0,.

“ -Measure OD,g.459 O the ELISA reader.
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Dulbecco s Modified Eagles medium and F12 Nutrient
supplemented with glucose (0.6 %), glutamine (2 mM),
sodium bicarbonate (3 mM), HEPES (5 mM), insulin (25
20 pug/ml), human transferrin (100 png/ml), putrescine (60
pg/ml), sodium selenite (30 nM), streptomycin (100

pg/ml) and penicillin (100 IU/ml).

Treatment with neurotrophic factors

Neurotrophins were dissolved in 0.5 % bovine
serum albumin as a stock. Neurotrophins were added 3 h
after initial plating and after 5 days in culture. The
same amount of 0.5 % bovine serum albumin was added to

30 the control wells.
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20 uM cocaine.

20 Table 4. Effect of enovin on [*H]dopamine uptake
Treatment Percent control n
(°H]dopamine uptake
control 100 5
enovin 300 ng/ml 111 4
25 enovin 1000 ng/ml 127 5
enovin 2000 ng/ml 152 5
enovin 4000 ng/ml 161 1
enovin 10000 ng/ml 165 2
30 Cells were grown for 10 days in the presence or

absence of enovin. Untreated controls were set as 100
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s. Results are obtained in 1-5 independent

experiments.



8&10%0! & ()-g s2s!10%W & ()- 2s!109BH#&& ()- z ( "10%#+& ()- ~ (
"109%#& ()- "10%t& () - gDEFRNUO bA4100! s +s "10% +$i & ()-z s 10 JAN 2003
“10%+$n& () -z sMLO%$& ()- s@$10%$& ()-@

s@0%$& ()-1 \"h>N [ 9A4100!!-F"10% | & ()- s, 10%$&

~sY" 10%+$&' 88} é&% Yoose ()-y sY'10% u#| & ()-y ss " 109% & ()- lgél\TI;IIFz:l{)9|9|/05031
sf10%-3& ()-' 10+$10+$10+$ s y8l0%3& ()8 $610%$& ()- s310%$& () -
p-F"10%$& ()- i[ f!]|[:buU4l0 s s@?lO@#&. ()-S s, "10%W+$x& () -z

S, "10%] #x& ()-z s, " 10%#x& ()-z sS$S&10%+3& ()- -

SS10%$& () -flp""i###$| [ bU4L0 s s f2T10%$& ()- sO 10%$& ()-
$S)I10%!& ()- S)!10% +$| & ()- ss@10%3$& ()-S

S@ 10% +$| & () - SSp$$SW&RIL % %1% obU410 syl10%+t& ()-10E 10E 10E s :10%
& ()-f s 810% en 10%+$& () - 3! 10%X+$x& () - 4% W6 &} &&' | [ bU410 s
uZ"10% ! " & ()-# s 10%t& ()- 3 110%W& ()-y i3 110%*t& ()-y sl s$@O0%t& () -
S 10%#& ()-'()*+++++ obU410 sf 10%#& ()-10s!s10s!sl1l0s!s Z"10%s!s& ()-
yZ"10%0#0&' ()-#ltschul, S.F., Gish, W., Miller, W., Myers, E.W. &

Lipman, D.J. (1990) Basic local alignment search tool,
5 J. Mol. Biol. 215, 403-410.

Angrist, M., Bolk, S.,.Halushka, M., Lapchak, P.A. &

Chakravarti, A. (1996) Germline mutations in glial

cell line-derived neurotrophic factor (GDNF) and RET
10 in a Hirschsprung disease patient. Nature Genetics

14, 341-344.

Baloh, R.H., Tansey, M.G., Golden, J.P., Creedon,

D.J., Heuckeroth, R.O., Keck, C.L., Zimonjic, D.B.,
15 Popescu, N.C., Johnson, E.M. & Milbrandt, J. (1997)

TrnR2, a novel receptor that mediates neurturin and

GDNF signaling through Ret. Neuron 18, 793-802.

Baloh, R.H., Gorodinsky, A., Golden, J.P., Tansey,

20 M.G., Keck, C.L., Popescu, N.C., Johnson, E.M. &
Milbrandt, J. (19928) GFRx3 is an orphan member of
the GDNF/neurturin/persephin receptor family. Proc.
Natl. Acad. Sci. USA 95,5801-5806.

25 Barr, P.J. (1991) Mammalian subtilisins: the long-

sought dibasic processing endoproteases. Cell. 66,1-
3.

Beck, K.D., Valverde, J., Alexi, T., Poulsen, K.,
30 Moffat, B., Vandlen, RA., Rosenthal, A. & Hefti, F.

(1995) Mesencephalic dopaminergic neurons protected



27" 10%. #e& ()-# Z"10% J#H[ & ()-#++++0, ~-7z. |[: bUAL0 s ~@ LO%EME ()- 1
@ L0%H#HE ()- 1 @10%C ! C& ()- 1 @ 109%H& ()- 1 s&$fF100/#&'()-- R
SMLO%&' ()-z. {/ 01b2c2d2e2q2| obUA10 sf 310%¢&’ () - 10x" x10x" x10x"

P@10%" x& ()- 1 b@10% #s& ()- 1 k@ 10%#e& ()- 1 ~@ 10%%& éo .
1q2x22223, 3| WOWUMB0s s109%&’ ()- < d8l0%& ()-< 81l0%& ()-< s AR
SLSyt 1006& ()- SS10%& () -, 334(44.505] [ bUA10 5 sSt! 10%4& (

St 1 10YCTHCE () - X4" 109%C C& ()-a X4" 109%6CR ()-a s$ 10%+& ()

S1096& () - <g55566X77|[: bU410 s 34 "1090 V& ()- . 10% " & ()-y s

10%:& ()-y ( 10%#H& ()-z s Y40%:& ()- s f#10%& () -7/ 8J8KSL8NB[ 8g8v8vA410
s#lO‘V&S&'() SYL098& ()- S3YA096&: () - 10#10#10# $3 Y. 10%&&'() 234
"1098 | M& ()-v8}8J9k: *: *<<|[:vU410 s f "10% & ()- "10%BQ ()- s f
"109%) Q& ()- &Y "GR¥BSEY9m axotanyEEREuCRd d@lﬂﬁﬂ@@‘( omka>sRe>>v U410

SYMLO%VK SME' () W é%: 1 |I#| /G 10% | #i & ()-3
1 G'10% $i & () - ?Cﬂ@‘g ) - §%g |’[% ﬁﬁf% S& F' 108 ()- s &
F'10%3$& ()- & F'10%t& ()- &
Bilang-Bleuel, A., Revah, F., Colin, P., Locquet, I.
5 Robert J.J., Mallet, J. & Horellou, P. (1997)

.7

Intrastriatal injection of an adenoviral vector
expressing glial-cell-line-derived neurotrophic factor
prevents dopaminergic neuron degeneration and
behavioral impairment in a rat model of Parkinson

10 disease. Proc. Natl. Acad. Sci. USA 94,8818-8823.

Buj-Bello, A., Buchman, V.L., Horton, A., Rosenthal,

A. & Davies A.M. (1995) GDNF is an age-specific

survival factor for sensory and autonomic neurons.
15 Neuron 15,821-828.

Buj~Bello, A., Adu, J., Pifdén, L.G.P., Horton, A.,
Thompson, J., Rosenthal, A., Chinchetru, M., Buchman,
V.L. & Davies, A.M. (1997) Neurturin responsiveness

20 requires a GPI-linked receptor and the Ret receptor
tyrosine kinase. Nature 387,721-724.

Choi-Lundberg, D.L., Lin, Q., Chang, Y.N., Chiang,
Y.L., Hay, C.M., Mohajeri, H., Davidson, B.L. & Bohn,

25 M.C. (1997) Dopaminergic neurons protected from
degeneration by GDNF gene therapy. Science. 275,838-
841.

Crsedon, D.J., Tansey, M.G., Baloh, R.H., Osborne,
30 P.A., Lampe, P.A., Fahrner, T.J., Heuckeroth, R.O.,
Milbrandt, J. & Johnson, E.M. (1997) Neurturin shares

receptors and signal transduction pathways with glial



F'109%$& ()- s °$, L09T#ME () - @

"%, 10%$& () - G\A>BCDDDDD| [ NA410104" 104" 104"s  &&m' 10%4" & ()-G 10 JAN 2003

&&M 109 $& ()-G &&M' 10%*& () - G sd&&m' 10%EME () - G

s#109k$M () - DDDEEEF| [ : NA41010 s 1098& ()-s s' 10%& ()-f sL
SMLOYBE&' () - Ve&BOUPMIE%: () - s& 10%& ()-F} FFFLGG H| [ : NA41010 s

S OPRBodios

031
f#1098& ()-s

uf 1 109%&$x& ()-S f110%%$e& ()-S s 1098« - s@O0Y& ()- s 1098B& ()-z; HH
| G pl 1 {ZONA41010 s710%& ()- s3 &B10%B& ()- { 8 /#10% & ()-!s/#10% & ()- s
f,f1098& ()- y' Z10%$x& ()-13JIIII5IKVUAL0 " 3" 10%$& ()-F1( s$f310%$&" () - (

s:109%$& ()-( s, 10%$& ()-' 10$10$10$ s3 9910%B& () - zKKVNO'

OoJ [:vu4l0

“3"10%! & ()-Fls s 3"10% & ()-Fls t 3"10%$& ()-Fls p 3"10%$& ()-F1
s 3"10%$& ()-F1. ~3"10%" & ()- FLOPPPPPPPPVU410 s9$10%-$& ()- sl 10%$& () -

s 10%$& ()- sFeAboddRe[Feab%ed 08840EIPPRLS fRRIRT (B i

S - vU410

s SN "10% +$| &£)r38s5Shrod 0%&E () - R8sl 0%LEE’ (srs ol 0%B& (o2 51 10%$& () -
$z10%+$& () - z¥BSSTFT~UWV| [:-410:!s s* "10%!& ()-Fs s|s* "10%3$& ()-Fs s*

"10%t& ()-Fs ss' 10%$& ()- sS#gl0%+3$& ()-f ~sN

Durbec, P., Marcos-Gutierrez, C.V., Kilkenny,

5 Grigoriou, M., Wartiowaara, K., Suvanto,

D., Ponder, B., Costantini, F., Saarma, M.,

cC.,
Smith,

Sariola,

H. & Pachnis, v. (1996) GDNF signalling through the RET

receptor tyrosine kinase. Nature 381, 789-793.

10 Edery, P., Lyonnet, S., Mulligan, L.M., Pelet,
Dow, E., Abel L., Holder S., Nihoul-Fekete,

A,

Ponder, B.A. & Munnich, A. (1994) Mutations of the RET

proto-oncogene in Hirschsprung's disease. Nature

367,378-380.
15
Gash, D.M., Zhang, 2., Ovadia, A., Cass,

Yi, A.,

Simmerman, L., Russell, D., Martin, D., Lapchak, P.Aa.,

Collins, F., Hoffer, B.J. & Gerhardt, G.A.

(1996)

Functional recovery in parkinsonian monkeys treated

20 with GDNF. Nature 380,252-255.

GFRa Nomenclature Committee (1997) Nomenclature of

GPI-linked receptors for the GDNF ligand family.

Neuron 19, 485.

25
Hakim A “Ischemic penumbra: the therapeutic window. "
Neurology. 1998 Sep;51(3 Suppl 3):544-6.
Henderson, C.E., Phillips, H.S., Pollock, R.A.,

30 Davies, A.M., Lemeulle, C., Armanini, M.,

Moffet, B., Vandlen, R.A., Koliatsos, V.E.

Simmons, L.,

Rosenthal, A. (1994) GDNF: a potent survival factor



"10%-$& () - 2VWVWSV3WHALL0: I's "10%#n& ()- " sL$10%$& () -
SYMLO%$&! ()- sS10%$& ()- s&10%$& ()-10:110: I WKY: ZZZr [ | [ : A410] fSiayf

"10%$& ()- s /10%$& ()- ° "10%$& ()- " s° "10%$& ()-
"10%#t& ()- "+ "10% >$i & ()- "r[OP\QR _\k\r\\vU410 s$10% e$; & () -
sYs10% e$: & VP-0004%80s e$: & () - s@10% e$: & ()- 10>$10>$10>$ ?’g'fﬁfé%ﬁé}()

\IJC'D_ DI "} |[:vU410 s s*10% e$: & () s+$9!.10% : & ()-gs 9! 10%$& ()-gs

91 10%t& ()-g 9! 10%$& ()-g 9! 10% "& () —g} ~aMNbObPb\ bcbvU410

SFs10% $ & ()- s,10% $ & ()-10e$10e$10e$s L-4"10%$& ()-3 L-4"10%& ()-3
L-4"10% & ()-3 cbbPcHdMee\f|[:vU410 s sn&"10% # & ()-G y F'10%& () -
F'109%& ()-s F'10%#& ()- F'10%& ()- s$Y10% $" & () - S\ f0gghhhhhhvU410

sl t10%$& ()- sf10%$& ()-10$10$10$s t&" 10%& ()-G &' 10%& (I% G s&" 10% ;

# & ()-Chhiij kg% eEReuroRs @ESRELY- 18 Peripnegal) nerys an0%$&' ()- s
3"10%*& ()- muscle. Science 266,1062-1064.

Heng, H.H.Q., Squire, J. & Tsui, L.-C. (1992) High

5 resolution mapping of mammalian genes by in situ
hybridization to free chromatin. Proc. Natl. Acad.
Sci. USA 89, 9509-9513.

Heng, H.H.Q. & Tsui, L.~C. (1993) Modes of DAPI
10 banding and simultaneous in situ hybridization.
Chromosoma 102, 325-332.

Heuckeroth, R.O., Kotzbauer, P., Copeland, N.G.,
Gilbert, D.J., Jenkins, N.A., Zimonjic, D.B., Popescu,

15 N.C., Johnson, E.M. & Milbrandt, J. (1997) Neurturin,
a novel neurotrophic factor, is localized to mouse
chromosome 17 and human chromosome 19pl3.3. Genomics
44,137-140.

20 Jing, S., Wen, D., Yu, Y., Holst, P.L., Luo, Y., Fang,
M., Tamir, R., Antonio, L., Hu, Z., Cupples, R.,
Louis, J.-C., Hu, S., Altrock, B.W. & Fox, G.M. (1996)
GDNF-induced activation of the ret protein tyrosine
kinase is mediated by GDNFR-o, a novel receptor for

25 GDNF. Cell 85, 1113-1124.

Jing, S., Yu, Y., Fang, M., Hu, Z., Holst, P.L.,
Boone, T., Delaney, J., Schultz, H., Zhou, R. & Fox,
G.M. (1997) GFRo-2 and GFRa-3 are two new receptors

30 for ligands c¢f the GDNF family. J. Biol. Chem.
272,33111-33117.



s 9310%EH#& () -f 9%10%>%$?& () -fl mvowoxoyooovU410 sy 10%3$& () -
s&10%-$& ()- 10#10#10#s ' F"10%t& ()- y ' F"10%& () -
VFT109%#& () - ooowp4dgegpq| [ vU410 s s@O0%$& ()-s s 10%B& ()- d 10 JAN 2008
s1109%$& ()-Ss [ s!10%#& ()-S s $10%$& () -

s°10%$&' () -WOMHER6u7u8uZzYL221010>$10>$10>- psf " 10%$& (FCTEPPH03
"1098#& ()-- zsf "10%t& ()-- sf "10%$& %--!sf "10%h sh

& ()-8uEuQuXugu<vKwi [ : L?21010 [3! 10%$& (Y- s 10%& ()-f sL$L0Y%B&' () -

SMLO%B& () - sy310%& ()- sFY0Y%B& () - K xxkyyy|[:L?21010 s*10%& () -
s#3"10996 & ()-g #3"10%S$x& ()-g 3"10%l #n& ()-b 3"10% g# & ()-b sa
1098& () -yzz{{{{{{]| [ NA41010$10%$10% sF 9109%%& ()-z p6!10%mM$n& ()-f s3
310%& ()-S p@'!10% $j & ()- @' 10%g#e& ()-{{{||}~|[: NA41010 °
3"1092#& () - OKi3lgeQ¥s5$8™M.) -(19B)1 (Risb#REF {Det sl SGEROIRBRLY) -new

$s10%$& ()- s@O0%$& ()-~~\W| [ NA41010. s, V' 10% | & ()-f.s, Y 10%$& ()-f
S 10988 ()-1‘?‘7%3"16> 96t & <Y -rré%ﬁpm&m@ﬁ RlG) sl%%/%%élf)?@tfo% 10
$S310%& () - 108HPtE0>%E rs B i %% Y )or GBIl & G3nbsss6DE0PSSmént S2
109%$& ()-|[:bW1Q s sglo%&' ()- s1098& ()- " 11098& ()- Q ! 10%& ()-
sLS, : 10988 () -2/ T0E€ () - | [:-410s"ss ! 10%"S& ()-G ! 10%$s& () -G
1 109%$n& €) - G ! 109%#n& ()-G sd! 10% & ()-G s109%& ()-bA410s"ss
| 10%:$e& () - _

Klein, R.D., Sherman, D., Ho, W.-H., Stone, D

.
Bennett, G.L., Moffat, B., Vandlen, R., Simmons, L.,
Gu, Q., Hongo, J.-A., Devaux, B., Poulsen, K.,

Armanini, M., Nozaki, C., Asai, N., Goddard, A.,
10 Phillips, H., Henderson, C.E., Takahashi, M. &

Rosenthal, A. (1997) A GPI-linked protein that

interacts with Ret to form a candidate neurturin

receptor. Nature 387, 717-721.

15 Kotzbauer, P.T., Lampe, P.A., Heuckeroth, R.O.,
Golden, J.P., Creedon, D.J., Johnson, E.M. &
Milbrandt, J. (1996) Neurturin, a relative of glial-
cell-line-derived neurotrophic factor. Nature 384,
467-470.

20
Lin, L.-F.H., Doherty, D.H., Lile, J.D., Bektesh, S. &
Collins, F. (1993) GDNF: a glial cell line-derived
neurotrophic factor for midbrain dopaminergic neurons.
Science 260, 1130-1132.

25
Mandel, R.J., Spratt, S.K., Snyder, R.O. & Leff, S.E.
(1997) Midbrain injection of recombinant adeno-
associated virus encoding rat glial cell line-derived
neurotrophic factor protects nigral neurons in a

30 progressive 6-hydroxydopamine-induced degeneration
model of Parkinson's disease in rats. Proc. Natl.

Acad. Scl. USA 94,14083-14088.



110% g#[ & () - sSk$@OYBE& ()-S s 10%& ()- s@10%B& ()-10s"s10s"s<J{Z9A410s"s
K) "10%$x& ()-3& ) "109%& ()-3& ) "10%I1j1& ()-3 s' 109%& () - DtANZU3
F'10% $) & ()- | 110%g#n& ()-J*1M/U410 s, 3"10% & () - mi( S$Nl0%*$k ‘5 P
sL10%+$& ()-' sfF10%3$& ()-10}"}10}"}10}"} wu) "10%9"}& ()-3"0 S&BVU410
s, 3" 10%+$& ( Wng4030s, 3" 10%$&' ()-mls s, 3"10%3$& ()-nils s 3PEHEHELPI!
~s, 3"10%3& ()-nl s, 3"10%#&' () - nLOvU410 sMLO%VKSME' () -
$310%KS$ME () - 10+$10+$10+$s ) ps, 3"10%a3& [)-nl s, 3"10%-$& ()-nl
us, 3"10% " & ()-nlla|[:vW410 s & 10%$& ()-s SSI0WKEME ()- sS@OYWKSME ()-s
ss, 10%K$ME () - ss, 10%BKSME ()-g s#, 10%KSME' ()-zCMH| [: vWA10 s 9+ )
"10%#& ()-zs & !110%$& ()-z & 110%#& ()-zs s& "10%KSIME () - &f

Marsden et al “The causes of Parkinson's disease are

being unraveled and rational neuroprotective therapy

is close to reality. “ Ann Neurol. 1998 Sep;44 (3 Suppl

1) :S189-96

Masure, S., Cik, M., Pangalos, M.N., Bonaventure, P.,
Verhasselt, P., Lesage, A.S., Leysen, J.E. & Gordon
R.D. (1998) Molecular cloning, expression and tissue
distribution of glial-cell-line-derived neurotrophic

10 factor family receptor o-3 (GFRa-3). Eur. J. Blochen.

251,622-630.

Matsushita, N., Fujita, Y., Tanaka, M., Nagatsu, T. &

Kiuchi, K. (1997) Cloning and structural organization
15 of the gene encoding the mouse glial cell line-derived

neurotrophic factor, GDNF. Gene 203,149-157.

Milbrandt, J., de Sauvage, F.J., Fahrner, T.J., Baloch,
R.H., Leitner, M.L., Tansey, M.G., Lampe, P.A.,

20 Heuckeroth, R.0., Kotzbauer, P.T., Simburger, K.S.,
Golden, J.P., Davies, J.A., Vejsada, R., Kato, A.C.,
Hynes, M., Sherman, D., Nishimura, M., Wang, L.C.,
Vandlen, R., Moffat, B., Klein, R.D., Poulsen, K.,
Gray, C., Garces, A., Henderson, C.E., Phillips, H.S.

25 & Johnson, E.M. Jr. (1998) Persephin, a novel
neurotrophic factor related to GDNF and neurturin.

Neuron 20,245-253.

Moore, M.W., Klein, R.D., Farinas, I., Sauver, H.,
30 Armanini, M., Phillips, H., Reichardt, L.F., Ryan,
A.M., Carver-Moore, K. & Rosenthal, A. (1996) Renal

and neuronal abnormalities in mice lacking GDNF.



"109$& ()- s& 1098 M8 ()-#5| pdX710 s&@0%$&' () - LOMK$SMLOMKSMLOMKSM sL37T
109KSME () -ys S510%K$ME ()- s 4109KSME ()- 9+ "109%$& () - zI P| Sl}ﬁﬁ
S 110% +$| & ()-y S !110% s& ()-y s&$310%+$&' ()-s s@0%$& ()- Q)
sSY10%$& ()-P:d|[:dX710 s "210%+$&'() s "z10% & ()- s 0%+$ é%o
S109%+$& ()- WROMAKY - sS'110%& ()-yd Hg|[: -710+$ s &910%-$& F§1/EPLLS031
10%& ()- ,3. 10%l+$d& ()- s 3. 10% érf - 3. 10%3d& () -
(s!10%$& ()-bA710+$ s " 10% #/ & () - 0%&' () s® $S&10%t& () - -
S  109%& () - sy10%t& ()- 10+$10+$Zv{ % [: A710+$ f,F" 109 "1 & ()- 7 <
"109M W& ()-  "109%#4& ()- z "1090J#9& ()-  "10%& ()-  "10%-N#+& () -
% vU410 s” 10%#& ()- sy310%#& ()- s, &L0%t&' () - 10C#CLOCHCLOCHC
~f, F"109%CHCE () - yf, F'10%#>& ()-N |[:vW10 s "10%t& ()-fs sF S10%t& ()-s
s3 910%#& ()- WatureUH8R' ()6-TSF 10%#& ()- sL$10%#& ()- |LOXaj}]=vL410 s |
| 10%4& ()-1 ! 10%#& ()-1 !10%t& ()- s& 10%t& ()- sS 10%t& ()-
109%#& ()-jst_?vU410 s | ! 10%& ()-1 !10%t& ()-|

Mount, H.T., Dean, D.O., Alberch, J., Dreyfus, C.F. &

Black, I.B. (1995) Glial cell line-derived

5 neurotrophic factor promotes the survival and
morphologic differentiation of Purkinje cells. Proc.
Natl. Acad. Sci. USA 92,9092-9096.

Nagy Z et al “The cell division cycle and the
10 pathopnysiology of Alzheimer's disease.”
Neuroscience. 1998 Dec;87(4):731-9.

Naveilhan, P., Baudet, C., Mikaels, A., Shen, L.,
Westphal, H. & Ernfors, P. (1998) Expression and

15 regulation of GFRa3, a glial cell line-derived
neurotrophic factor family receptor. Proc. Natl. Acad.

Scl., USA 95,1295-1300.

Nuydens R, Dispersyn G, Van den Kieboom G, De Jong M,
20 Connors R, Ramaekers F, Borgers M, Geerts H “Bc¢cl-2
protects neuronal cells against taxol-induced

apoptosis by inducing mutli-nucleation”, submitted

Oppenheim, R.W., Houenou, L.J., Johnson, J.E., Lin,

25 L.F,, Li, L., Lo, A.C., Newsome, A.L., Prevette, D.M.
& Wang, S. (1995) Developing motor neurons rescued
from programmed and axotomy-induced cell death by
GDNF. Nature 373,344-346.

30 Pichel, J.G., Shen, L., Sheng, H.Z., Granholm, A.C.,
Drago, J., Grinberg, A., Lee, E.J., Huang, S.P.,
Saarma, M., Hoffer, B.J., Sariola, H. & Westphal, H.



1109%8#& () -1 '10%#& ()-#3)CGPl !10%#& ()-d@U410 s #3)GPl ! 10%#& () - |
11096#& () -1 !'10%#& ()-1 !10%#& ()-#3)GP DvU4A10 s #l ! 10%#& ()-@aéﬁ?gﬂs
11096#& () -1 '109%#& ()-1 ! 10%#& ()-1 ! 10%#& ()-dDvU4l0 s #l ! 10% @ ol
110%#& () -#3) GPl 1 10%#& () -1 !'10%#& ()-1 !'10%#& ()-!./7=>_CvU410 s #l
110%#& () -1 \JO%ickoso) -1 ! 10%#& () -#3) GP(1 !10%#& () -1 PCT/EP99/05031
1109%#& () ->?@M @U410 s | 1 10%+& ()él

(1996) Defects in enteric innervation and kidney

development in mice lacking GDNF. Nature 382, 73-76.

Romeo, G., Ronchetto, P., Luo, Y., Barone, V., Seri,

5 M., Ceccherini, I., Pasini, B., Bocciardi, R., Lerone,
M., Kaariainen, H. et al. (1994) Point mutations
affecting the tyrosine kinase domain of the RET proto-

oncogene in Hirschsprung's disease. Nature 367,377378.

10 Sanchez, M.P., Silos~-Santiago, I., Frisen, J., He, B.,
Lira, S.A. & Barbacid, M. (1996) Renal agenesis and
the absence of enteric neurons in mice lacking GDNF.
Nature 382, 70-73.

15 Sanicola, M., Hession, C., Worley, D., Carmillo, P.,
Ehrenfels, C., Walus, L., Robinson, S., Jaworski, G.,
Wei, H., Tizard, R., Whitty, A., Pepinsky, R.B. &
Cate, R.L. (1997) Glial cell line-derived neurotrophic
factor-dependent RET activation can ke mediated by two

20 different cell-surface accessory proteins. Proc. Natl.
Acad. Sci. USA 94, 6238-6243.

Smirnova et al “Thrombin is an extracellular signal
that activates intracellular death protease pathways

25 inducing apoptosis in model motor neurons”. J
Neurobiol. 1998 Jul;36(1):64-80.

Srinivisan et al “Serum from patients with type 2
diabetes with neuropathy induces complement-

30 independent, calcium-dependent apoptosis in cultured
neuronal cells.” J Clin Invest. 1998 Oct
1;102(7):1454-62



1 109%4& ()-1 ! 109%t& ()-1 ! 10%t& ()-#3)GPl | 10%:& ()- abp} <vU410 s #3)GPl

1 1098 () - | !1ocy#&'()-| 1 1098 ()-1 1 109%& ()-#3) GPhM 4 , / 10%#& N\m
L1008 ()-#3)GPI | 1 1006& ()-1 110%& ()-1 | 1006& ()-1 | 10%& () - >Hvod

@ L0%MME () - &LOYWEME () - 10~#10~#10~#% Y 910%#& ()-z S2 " 10% 5} (s S2
"10%! S& () WEPMP{OSY U4  J |1 10%& ()-g A ! .100/#&-() g 109VENES 5‘?%" /05031
$109BMME () -~ LOYMEME () - ( | MLOYANE: ()}l : *1090VENE ()- Y
1110% & ()-@Y |1 1006& ()- @b S10%MENE (J=F > 510%<|&'() f(

@ 109K ()~ FYU4 0PILO0%O& () 940%: & ()- & 10%IS& () - LOMIMLOMEMLOMEM
7109MME ()-( f/ 1090EME& ()-FO | [:vU4 o b "10%! b& ()-g | 10%I$& () -

10%1$& ()- M 10%6$&' ()- L10%I$& ()-( SZ10%l$& ()-,=[:vUs o |

Steger C “An unbiased detector of curvilinear

W

structures IEEE Transactions on pattern analysis and

machine intelligence, 20, 2, 113-125 (1998)

5 Suvanto, P., Wartiovaara, K., Lindahl, M., Arumae, U.,
Moshnyakov, M., Horelli-Kuitunen, N., Airaksinen,
M.S., Palotie, A., Sariocla, H. & Saarma, M. (1997)
Cloning, mRNA distribution and chromosomal
localisation of the gene for glial cell line-derived

10 neurotrophic factor receptor B, a homologue to GDNFRa.
Human Mol. Genet. 6, 1267-1273.

Tomac, A., Lindgvist, E., Lin, L.F., Ogren, S.0.,
Young, D., Hoffer, B.J. & Olson, L. (1995) Protection

15 and repair of the nigrostriatal dopaminergic system by
GDNF in vivo. Nature 373,335-339.

Treanor, J.J.S., Goodman, L., de Sauvage, F., Stone,
D.M., Poulsen, K.T., Beck, C.D., Gray, C., Armanini,

20 M.P., Pollock, R.A., Hefti, F., Phillips, H.S.,
Goddard, A., Moore, M.W., Buj-Bello, A., Davies, A.M.,
Asai, N., Takahashi, M., Vandlen, R., Henderson, C.E.
& Rosenthal, A. (1996) Characterization of a

multicomponent receptor for GDNF. Nature 382, 80-83.

25
Trupp, M., Arenas, E., Fainzilber, M., Nilsson,
A.S., Sieber, B.A., Grigoriou, M., Kilkenny, C.,
SalazarGrueso, E., Pachnis, V., Arumde, U.,
Sariola, H., Saarma, M. & Ibanez, C.F. (1996)

30 Functional receptor for GDNF encoded by the c-ret

proto-oncogene. Nature 381, 785-788.



8&OF10% d$l & () - @ &OF10%&' ()- @ - GLO%I$& () - "10%i$& ()-g t"10% & ()-g( q
"10%d$q&' () - g=wd456Bl vU4 ~10% & ()- 310% & ()- 10#10#10# 99s10%¢ 'é)J'ﬁZUE
| 9&6s! 10%$&' ()-S( 310%I$& ()-Slc|[:vUsd 10% & ()- Fs10% & ()- y1l /oié (9-
8&10% & ()- 9SMLOY & ()-( 109% & ()-;qe|[:vUs ° 1109%& ()- |10% & ()
zlooé&-ﬁi- WO B ‘t§) g( 100/§&'8-@? l\([lo%&'()-@oB|E?vU4 léu&"g‘?L*‘é’é%%?&'()-y
T-"109%& ()-y q 1 (110% & ()- (! 10% g)- _| OMLO%E ()-T( | °

110% & ()-B vU4 Y10%#s& ()- &10%s#s& 4?-10( 10(10( s7 10% & () -

AY10% & ()-f( 310% & ()-""|[:vU4s q s3"10%t& ()-y T &s3"109E#& ()-y
10%#s& ()- S10%s#s& ()- #10%s#s& ()-( ~10%#s& ()-",|[:vU4 210%s#s& () -
Y110%#s& ()- | 10%s#s& ()- F.10%#s& ()- zs3"1098M#& ()-y( z

$3"109%¢& ()-yvU4 — GLOYHME ()-  1O9VEME ()- SLOVEME (%#

' 10%EME () - L0y A 22 TPRwarg (L)n‘%ﬁfl[s.mdl@lé neleyujar

ul 10%#& ()- q <% dY - 0t o Jr 10948 () 0 ' ' ;v
310%/#!\/&'(%)-(:]1 O%A#éil\/lé?(%% Of/Z ”1“352\#59&4‘96 -é”-di%%)z\/ﬁ%%ﬁr%%l%%%.géw

' 110% & () -s\ [ Tuiw (B L0 S 10%& () - %40%& ()-10k 10k 10k q

5 Widenfalk, J., Nosrat, C., Tomac, A., Westphal, H.,
Hoffer, B. & Olson, L. (1987) Neurturin and glial cell
line-derived neurotrophic factor receptor-f (GDNFR-a),
novel proteins related to GDNF and GDNFR-a with
specific cellular patterns of expression suggesting

10 roles in the developing and adult nervous system and

in peripheral organs. J. Neurosci. 17,8506-8519.

Widenfalk, J., Tomac, A., Lindqvist, E., Hoffer, B. &
Olson, L. (1998) GFRo-3, a protein related to GFRa-1,
15 is expressed in developing peripheral neurons and

ensheathing cells. Eur. J. Neurosci. 10,1508-1517.

Worby, C.A., Vega, Q@.C., Zhao, Y., Chao, H. H.-J.,
Seasholtz, A.F. & Dixon, J.E. (1996) Glial cell line

20 derived neuroﬁrophic factor signals through the RET
receptor and activates nitogen-activated protein
kinase. J. Blol. Chem. 271, 23619-23622.

Worby, C.A., Vega, Q.C., Chao, H.H.J., Seasholtz,

25 A.F., Thompson, R.C. & Dixon J.E. (1998)
Identification and characterization of GFRa-3, a novel
co-receptor belonging to the glial cell line-derived
neurotrophic receptor family. J. Blol. Chem. 273,3502-
3508.

30
Yan, Q., Matheson, C. & Lopez, O.T. (1995) In vivo
neurotrophic effects of GDNF on neonatal and adult

facial motcr neurons. Nature 373,341-344.



ug8 110% & ()-S( f510%HME ()-vU4 ,10% # & ()- 9% 10% # & () - 10#10#10#
Fs1004& ()- L$z10%t& ()-( 3 10%& ()-f,bl[:vU4s 10% # & ()-y ™ 10 JAN 2003
10%#& ()-y M10% # & ()- $10% # & ()- 10% # & ()-( s10% # & ()-Fbopa|[:vU4
v tYLI10%& ()- q ''110%t& ()- ''110%6# & ()- b sM10%t& ()-3 b
sM 100/6”'%'0(0})/'0%0 T10% # & ()-6j kl {vUud P@A0% ()- @Y QUR/HPY9/05031
%510%s#s -10#10#10# 7L!109%#& ()- ( s7L!'10% m' " & ()- Y YzYBvW4 ~
L$! 10%#&' ()- sy 10%#s& ()-S s!10% && £)- " s!10%t& () -
s! 1094#& () --!" @Y%40%t#8 ()-t O [ NMIO#10##10# z 6:! 10%#& ()- 6:!10%"s& ()-
vVt -110%& ()- q -110%"& ()- v pL$! 10% & ()- UY4|[: NA410 A
91 1 10986-$%&' ()-g ~!10%$& ()-u Y10%$& ()- tPI10%!; & ()- !10%$& ()-
%@L0%$& ()-47-zYSNAAL 110%$& ()-- LLO 10%$& ()-- +Y10%$& ()--
L" 1109 () 3 % Log LO%R#8, & L) o501 1 10% @ & () - g3QuU4 t PSs! 10%& () -s
LSs! 10%#& é—r%ér%%%—% = )10) +$) 10) +$) b “L6! 10% +$) & ()- ¢
“L6110% 2 . & ()-Qe~|[:vU4 t xv!10%s#s& ()-L 10%#s& ()- | s910%& () -

0 ! - 0 ! - ! - ! -
s910%s#s& (QLASYIZlOA)# &.é) S Y%l%%&#s& A %%44»:%4 000110 10 L b & 10% & ()

v basic’loca ignme

bp base pairs

5 cDNa complementary DNA
CNS central nervous system
EST expressed sequence tag
EVN enovin
GDNF glial cell-line derived

10 neurotrophic factor
GFRa GDNF family receptor «
GPI glycosyl phosphatidyl inositol
MTC multiple tissue cDNA
NTN neurturin

15 PCR polymerase chain reaction
PNS peripheral nervous system
PSP persephin
RT-PCR reverse transcription PCR
TGE-§ transforming growth factor 8

20 FISH flucrescent in situ hybridisation
MTN multiple tissue northern
NGF nerve growth factor

SPR surface plasmon resonance
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amino acid sequence illustrated in Figure 1, or encoding a

sequence which has at least 70% and preferably 80%, 90% or

95% amino acid homology with the amino acid sequence

illustrated in Figure 1.

2. A nucleic acid molecule according to claim 1 which is a

DNA molecule.

3. A nucleic acid molecule according to claim 1 or 2 which

is a ¢DNA molecule.

4. A nucleic acid molecule according to any of claims 1 to
3 having the nucleic acid sequence from positions 81 to 419 of

the sequence illustrated in Figure 1.

5. An isolated nucleic acid molecule according to any of
claims 1 to 5 having a nucleic acid sequence corresponding to the
sequence of any of the splice variants designated from position
5=-1 to 3=-1 or 3'-2 or from 5=-1 or 5'-2 to 3=-2 or 3'-3 of the

sequence i1llustrated in Figure 21.

6. A nucleic acid molecule according to any of claims 1 to

5 having the nucleic acid sequence illustrated in Figure 1 or 21.

7. An isolated human neurotrophic growth factor encoded by

a nucleic acid molecule as defined in any of claims 1 to 6.

8. A growth factor according to claim 7 comprising the
amino acid sequence from position 27 to 139 of the amino acid

sequence illustrated in Figure 1, or encoding a sequence which

has at least 70% and preferably 80%, 90% or 95% amino acid

homology with the amino acid sequence illustrated in Figure

1.
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9. A growth factor according to claim 7 or 8 comprising

the amino acid sequence illustrated in Figure 1.

10. A growth factor according to claim 7 comprising the

amino acid sequences illustrated in Figure 23 or 24.

11. An expression vector comprising a DNA molecule

according to any of claims 2 to 6.

12. An expression vector according to claim 10 or 11
comprising a further nucleic acid sequence encoding a reporter

molecule.

13. A host cell transformed or transfected with the vector

according to any of claims 10 to 12.

14. 2 host cell according to claim 13 which cell is a

eukaryotic or bacterial cell.

15. A transgenic cell, tissue or organism comprising a
transgene capable of expressing human neurotrophic factor enovin

according to any of claim 7 to 10.

16. A transgenic cell, tissue or organism according to
claim 15, wherein said transgene comprises a vector accorxrding to

any of claims 10 to 12.

17. A neurotrophic growth factor expressed by a cell
according to any of claims 13 to 16.

18. A neurotrophic growth factor expressed by a
transgenic cell, tissue or organism according to claim 15 or
16.



, 21 10%#& ()- 0 10%#s& ()- Y B10%H& ()- g BL0W& ()- |

S&F" 10%t& () -S4%A410# b z | 1109 & ()- | \'10@$&T() P10% & () -
T11098$&& () - &10%$&'() 10#10#%$| [ : A410# p +0 "1098& () - Uﬁ@é§%2
| "% 10% #& ()- z "% 10% & ()- v y s!10%¥B& ()-f | ~s!10%& ( -fv
Y'10%&& ()- FS 10%&& ()- t109&R& ()- @&, 109&& () 10$'$10$'$10$' z +0
109! $& ()-. |[,vU410 ;:109%R& () -~ 109%&R& ()- 109%&& ()- 3 10%&R& () -m
10%&&,() Ysp9loqﬁgﬁq)aﬁ#asnwuﬂgjc acid molecule according to any of

A% i 005 g A ) R g SO o0

. 10YR& pYevar@ind08R& A]) disolDUBRIL )2 <P RtOVRS () - ~; : 10Y&&' () - ~s\W410
 10%8& () -~; @ 10%&& ()-~h9;: 10%8&' () - ~; : 10%8& ()-~h9: : 109&& ()-~ XX@10 ho;
1 10988 () -~;: 10988 ()-~h9;: 109%8& ()-~i: 10%&& ()-~h9 $>?CMNUpX<410

10%&&' () - ~h9;: 109/&&a@):er—dlrﬂw%&&b (im-HY; wHOMRE' E3id-;nel@RAA{ForddopvsW410

o () élfé%%%@m ROV ahode {‘3@ b (. SRoP Y 1%) 103410281024
" ?ig%g@iiéase /18Y6EE fjex- 001 S00BE L;r-ena%oezw AP S OB T POV 10
E?&lo%&e’%%a"d{ R ?/%%'%t%“ll%% /%&Q‘ /ﬁ&% &Cgo%ﬁ&'ﬁn%nﬁgﬁ%%%%‘% 'F, s1096& () -
FS1098&' 13 086 &h¢)ratBlhNAGIEE SLOSIOS NGRS 1 09BELYS - sl 0968’ () - @
FY+s! 109% %&g @lﬁxﬁiQf{a&i% Ch1efos? 102K Dbk £ NA41010, F1Q% Y& & () -

F10% % &

perlpheral nerve trauma, injury exposure to neurotoxins, multiple
endocrine neoplasia, familial Hirschsprung disease, Prion
associated diseases, Creutzfeld - Jacob disease, stroke, pain
syndromes with a substantially peripheral or central neurogenic
component, rheumatic/inflammatory diseases as well as conductance

disturbances.

21. Ugse of a neurctrophic growth factor according to any of
claims 7 to 10 in the manufacture of a medicament for treating ox

preventing neural disorders.

22, Use according to claim 20 wherein said neural disorder
is selected from any of the group consisting of Parkinson's
disease, Alzheimer's disease, neuronal disorders associated with
expanded polyglutamine sequences, such as, Huntingdon's disease;
peripheral neuropathy, acute brain injury, nervous system
tumours, multiple sclerosis, amyotrophic lateral sclerosis,
peripheral nerve trauma or injury or exposure to neurotoxins,
nmultiple endocrine neoplasia familial Hirschsprung disease, Prion
associated diseases, Creutzfeld - Jacob disease, stroke, pain
syndromes with a substantially peripheral or central neurogenic
component, rheumatic/ inflammatory diseases as well as

conductance disturbances.

23. A pharmaceutical composition comprising a nucleic acid
molecule according to any of claims 1 to 6 together with a
pharmaceutically acceptable carrier, diluent or excipient

therefor.
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multiple endocrine neoplasia and familial Hirschsprung disease,
Prion associated diseases, Creutzfeld - Jacob disease, stroke,
pain syndromes with a substantially peripheral or central
neurogenic component, rheumatic/inflammatory diseases as well as

conductance disturbances.

27. An antibody capable of binding to a growth factor

according to any of claims 7 to 10 or an epitope thereof.

28. A method of detecting for the presence of a growth
factor in a sample which method comprises reacting an antibody
according to claim 27 with said sample and detecting for any

binding of said antibody with said growth factor.

29. A method according to claim 28 wherein said antibody is

conjugated to a reporter molecule.



10 JAN 2003

90

30. A kit or device for detecting for the presence of a
neurotrophic growth factor in a sample comprising an antibody
according to claim 27 and means for reacting said antibody and

said sample.

31. A method of identifying an agonist or antagonist of a
human neurotrophic growth factor, said method comprising
contacting a cell tissue or organism expressing a receptor of
said growth factor with a candidate compound in the presence of
said growth factor and comparing the levels of RET activation in
said cell, tissue or organism with a control which has not been

contacted with said candidate compound.

32. A method of identifying agonists or antagonists of a
neurotrophic growth factor said method comprising contacting a
cell tissue or organism expressing an appropriate receptor of
said growth factor and cRET with a candidate compound in the
presence of said growth factor, measuring the level of activation
of a signalling kinase in the signal transduction pathway of
which said appropriate receptor is a component following addition
of an antibody specific for said signal kinase conjugated to a
reporter molecule compared to a cell tissue or organism which has

not been contacted with said compound.

33. A method according to claim 31 or 32 wherein said

neurotrophic growth factor is enovin.

34. A method according to any of claims 31 to 33 wherein

said cell tissue or organism is NIH 3T3 cells.

35. A method according to any of claims 32 to 34 wherein

saild receptor is any of GFRal, GFR02, GFR03 or GFRo4.
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36. A method according to any ¢of claims 32 to 35 wherein
said antibody is specific for any of p42/pé44 MAP kinase, PKB
kinase, ¢-jun, CREB, JNK/SAPIC kinase.

37. A method for making a pharmaceutical formulation for
the treatment of diseases associated with a human neurotrophic
growth factor, said method comprising, selecting a candidate
compound identified as an agonist or antagonist according to
the method of claim 33 or 34, manufacturing bulk quantities of
sald compound and formulating the compound manufactured in a

pharmaceutically acceptable carrier.

38. A method according to claim 37 wherein said growth
factor is enovin.

39. A pharmaceutical composition comprising an antibody
according to claim 27 together with a pharmaceutically acceptable

carrier, diluent or excipient therefor.

40. An isolated human neurotrophic growth factor comprising
a polypeptide which has at least 85% sequence identity with the

amino acid sequences illustrated in Figure 1, 21, 23 or 24.

41. Plasmid EVNmat/pRSETB deposited under LMBP Accession
No. LMEP 3931.



