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Improved secretion of neublastin All references cited in the present
application are hereby incorporated by reference in their entirety. 5 FIELD
OF INVENTION The present invention concerns methods and
compositions for producing a neublas- tin polypeptide as well as local
Inflaionery sécretiblastiméenblastific regions of the nerv- 10 ous system
‘including the central nervous system and the eye for example by gene
therapy. The invention includes the delivery of neublastin from transduced
Albrefieracesciter da 1B prass st RREICR NI 1SRN JRBRERRIRiey by reference in
thERBHBRPeable membrane. The invention further concerns mammalian
cells capable of producing neublastin in increased amounts. 15
BACKGROUND OF THE INVENTION Cells have ways to direct de novo
FIEyMHEiB¢dENOIEINS to various compartments of the cells and to the
extracellular space. Signal peptides are enclosed in the coding 20 part of

the chromosomal DNA and are synthesised as part of the prqtein by the
T TSR ASBAPR FeneRHa MRBRe 76 R e (e ARV GG B e

tirﬂpblyﬁwiﬂcm/a_s thé_miaedbpal;dxﬁpédesf_tnebbldklﬂptec?h&dﬂheegiugﬁ of the nerv-
O&n%g)%%ﬁgé%ﬁdﬁ IGHIUML e SRS IGRALRERLESHS SRAVGAENATLEDY gene

po _ the mature protein is secreted into thé surroundings.
theraRy; theestavantioagngidemiiasinivriy flaeuhlasinriiepbapsuspther rans-
feBtolelIs drayed B the raathserpasbslithevitioteseaiivkbandableutaiabrane.

the cell. For_ sgme neurotrophic factors, e.d. NGE, the pro-part of L
THS RO CE SRR e TR SOt Gae S AEoBEe, fgivestin in
inorsesetiapenmtsodes for a protein which is to be secreted, a signal

sequence will need to be placed in front of the mature protein to ensure its
proper rocessin%throHl{l?{h the rough endoplasmic reticulum and the Golgi
fi

BAGBGRRMNNE R T INYENE QMhost invariably the native signal

sequence of the protein in ques- tion, because it is generally desired that

clhE REQtel eigss%‘:&%‘&& g%qj%@%ﬂ%ﬁgeﬁ] e SRAMBMRY BSrildsrtments of

secreted and processe the native cell. For some uses it is also

thgeesliscrmtarbambiasebilproieaseprnalReriides gxmenslosedna fgiveding
p&elbf {lﬁ@rﬁn%meéazn@n@mnaﬁ? G_)@%?dﬁﬁé@sédﬁ@éhﬂ? gﬁawmqma\lmdthe ribo-

Signal sequence.. ays afrolein the { IsSm of t cell. =l ) _
S SRS T RSl B Eens &
thesisedt potypeptiies dndeottitagied into rifmurygbrefdaplasmatic reticulum. Here,

the signal peptide is cleaved from the polypeptide and the mature protein is secreted
into the surroundings. Thus, the signal peptide remains inside the cell.

The pro-part of the protein is cleaved from the mature part of the protein and ends
outside the cell. For some neurotrophic factors, e.g. NGF, the pro-part of the protein

is bioactive as a neuropeptide.

In gene therapy where the inserted gene codes for a protein which is to be secreted,
a signal sequence will need to be placed in front of the mature protein to ensure its
proper processing through the rough endoplasmic reticulum and the Golgi Apparatus.
The first choice is almost invariably the native signal sequence of the protein in ques-
tion, because it is generally desired that the protein is secreted and/or processed in
the same way as it is secreted and processed by the native cell. For some uses it is
also desired that the amount of protein expressed is the same as in the native cell.
Furthermore, one cannot exclude the possibility that the cleaved signal sequence
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5 In many cases it has turned out that in vivo transduced and transfected

cells which are supposed to secrete a therapeutic factor do not secrete

the therapeutic factor in therapeutically sufficient quantities and for

sufficient time. This may also be a prob- lem in ex vivo gene therapy
plafeterokllin dhe trextefetisetaittansiil Riedllgutsidef skél indbip aridvieigdrebdse to
ué'ét%é‘g.%@‘ﬂ?ﬁ%?%&sme{bc SROEGEBIARk 1P LBSSRIiCA A HRAR S the mature

provide much information concerning the coupling of signal peptide with
PI¥@iologous proteins in mammals. For heterologous expression of

mammalian proteins in fungi or yeast it is common practise to replace the

I- ian si tide with that is_functi in.th Co
I o e R PR R KR PR R el i whicn
arelatpposed fiveskote aifsiarauiaiBrits gledln seatrianbeperagautic factor in
tr@%ﬁ@% COMAESINGLSHIRENGR 361 SAMRIIRINMANTRPIRSHIARY BLIQN prob-

compris- 20 ing a nucleic acid comprising a pramoter sequence operahl
A RHBCFY YR RRO E"aBY IPRIE SRUB AT, CE DR REIeGeHE ERGe oLside the
boey blastisatdydefutithe, patienéaftsageneticleotifieatioguence does not
encode a neublastin pro-region. The native human pre pro neublastin
polypeptide is 220 amino acids long (Figure 25 17A) (SEQ ID NO: 10).
ThraPHRUBIASIReSiBRARPERIARI S SRS BRI RRRSHIEWS e SeiRgg Qhittanal
pEpEdEoRine RbReSHgELS pRstensing WimalalsinEoRt Instetibiy38s(feigpredsion of
17B). The longest full length pro-damain of neublastin ISts. of,
T L BEg A O Cah B ST Maiep S0 Aokl mammal
iant gosdipepidie (Mihee el DnetienalirctiRomduter sesgieptide consists
of the C terminal 113 amino acids, 30 beginning with alanine at position
108 and ending with glycine at position 220. Pre- pro-Neublastin contains

SHNM%WOQE I %?B‘- %%N:Ieavage sites and expression of

pre-pro-Neublastin in mammalian cells results in secretion of a variety of

Tiﬁlsa##%%%ﬁﬁgggﬁﬁmﬁ’?éﬁ‘cB?tBoéfﬂ?eﬁFHbsféF' B%&Bé@ GissisiRal I%Aa%ﬁ;léﬁeublas-

104 amino acids. For each of these mature forms, there is one
lig RPVFBIER FPTRAIRINGFH! AR BEUF RIS B 7 HRRSHIRVEE SO MPrS-
idPataubieipesidosopipasioyg treritseresiduenie tpembsijuliakeepiide. rRicleotide

The present invention provides a solutio . propl | : :
R MaUEe SRAL IS AR LR PG TRein sad
clestidfastay@iasrdorp vt ABeNgpbReRiAsuURIEEMammalian cells with
viral vectors both in vivo and in vitro. The phe- nomenon is also observed
for plasmid based ex vectors. For ' 0

ressio me nown S reas :
T RRHR YR £ B UG PR SUTEn AL aE R 51
18ALGEEQ bY the:vEntarhOmeuplassit kigngb keritiencoosikisef Btharineacids, be-
gmﬂﬁﬁﬁﬁiﬁgrﬂéthionine at position 1 and ending with alanine at position 39 (Figure
17B). The longest full length pro-domain of neublastin consists of 69 amino acids,
beginning with serine at position 40 and ending with arginine at pdsition 107 (Figure
17C). One mature neublastin polypeptide consists of the C terminal 113 amino acids,
beginning with alanine at position 108 and ending with glycine at position 220. Pre-
pro-Neublastin contains several possible pro-peptide cleavage sites and expression
of pre-pro-Neublastin in mammalian cells results in secretion of a variety of mature
peptides, possible forms consisting of the C-terminal 140, 113, 107, and 104 amino
acids. For each of these mature forms, there is one corresponding pro-domain made
up of the amino acids from postion 40, to the position precéding the first residue in

the mature peptide.
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secreted proteins is cell specific. This represents a serious problem in the

use of viral vector gene therapy. Today, viral vector gene therapy is

considered the most pre- ferred (if not only relevant) method for in vivo or

ex vivo gene therapy because the 19 viral vectors ensure stable
Thetegeationinntmibe geviies asdhdioatsthepblein Dhelingsimnpiseaihsence

JO&%@%@W&%R&EF@&%% afé%"rlﬂrﬁ]al:lgﬂjg] ReHBasHN. Ofdh RigieaisabE upon

active t_runcatlon 0 a'mature hl_Jma_n n astin, l.e., a secreted neu-
transstRtionRb sramBaiamGsls Wierialnaeiars ol B ¥erBd b iie- Ahe phe-
nbIRURBISIE G diseraie foasieertit gdedhexprestion getetalfocsomeiseknown

W0 COMPONERLS: & ﬁgcé?tegﬂ (2 lﬂ)l?la t"{_} Pr%:%p g@é\%‘ﬁ StrgeefHé%go%BNﬁ:)’factor

regﬁarblﬂ H%F(B?I rC‘)uCSeSI(;]I’la seq(_euengg.e urthermore t present mventors
eheodeg iyvihetivattoy. [epeapsgithe eitiopatiom &P e Medba snsiaabriasessing of

<A AUEHANMASIO RN BEBHHE. fraM reites ORI BMEIbRIH R MAe use of viral

immunoglobulin heavy chain variable region, the secretion of neyplastin is
RGO B BRI, W ) At SR SIS FERTIRRERE e ios Pre-

fqmrectqmiotvenlyomlbm)smmmmat by v's/moviag mmedhagase-bqaen@@ the
vif %%&8%‘9&8@- BHRNHUPHER PHERRIGESRL/EER Faredingdnaipional
peptide as well as the neublastin polypeptide, then it is possible to
express and have a higher amount of neublastin secreted, than if the
TREOTH@&HEBrSoRAdEe dott difcdm aenxpaestibinar altheiigte thenmin-regisasitn, or a
necessary for many proteins to fold cogrectly, it | sible the p. a. ..
b 8%5%&"9%‘3 |v%ur}1l]§ﬁg?£st??1 Soﬁ';}%qé’ﬁi e&\ﬁéﬁ- %@@L%égﬁbr%é’e&o%g%?gd ne

blastinepcigprptideainaanmadioeintdesiear ohre R ot erodRjotaitc ehedelaRyin Pre
oiBRRIGcRA RS 1o RN AVERiBR RSP BB RS tRECOKIERSINE: YesiRreted

i e ST e .

pharmaceutically acceptable adjuvants, excipients, carriers and/or

USRS NR P DALBRAC G RO MRS LA BE BSREhIREiNY MO RER/Signal

vivo gene therapy. 4 In a further aspect the invention relates to an
PrRidecel, PRklasin Wit diicaPaIaiyR SigaatReRite (e athsy RERISBfMEHSN 28
iR iRveIieslobuivekasneimalvarmified bostbelksbateriuhadubldstin is fur-
rodyce unexpectedly high .amounts of neublastin compared to cells
t ?5&9%8883%? ﬁ%%cs'?elfgt%(gﬂwﬁc[ﬁn&éé&?r%o%eﬁl%'coding neublastin with its
native signal sequence. These transduced or transfected host cells

FISIRIG S S S AL RROBHEIRD i SR SR IREHEs el Ry the ingtistiab se-

scale production of neublastin, The neublgstin-secreting cells caé??gl 0 be

t -
qHERERrGNTAYRSh I PTEsTRAHAN B MBI LUfetteUISCs RISy The stanal
pBptiddasdi Wc?(Dae nt_nerﬁeulﬂmsﬁ:ppﬁﬂ.w&p’nidg,dh&i\/ﬂ) .igmstbdﬁapﬁmr@mmblnave
2HBRS GNP IRSRIHR S L2-3 B HBARAREP IR GBRID IR RIR@ducing

It has been found that although the pro-region is necessary for many proteins to fold
correctly, it is possible the produce a biologically active neublastin polypeptide with-

out a pro-region.

In a further aspect the invention relates to the nucleotide sequence encoding the sig-
nal peptide and the neublastin polypeptide, the expression vector comprising the nu-
cleotide sequence, a pharmaceutical composition comprising the vector according to
the invention and one or more pharmaceutically acceptabie adjuvants, excipients,
carriers and/or diluents. The pharmaceutical composition can be uséd for in vivo and

ex vivo gene therapy.
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an infective vector particle, said vector particle comprising a retrovirally
derived ge- 15 nome comprising a 5' retroviral LTR, a tRNA binding site, a
packaging signal, a pro moter operably linked to a polynucleotide
sequence encoding a fusion protein £om- prising neublastin and a
Immunoglobulin signal peptide, an origin of second strand DNA synthesis

Inaé"ﬂéﬂk%ﬁﬁ%éﬂﬁh&T@&QOh%&ﬁé@%@@'F%Bléf‘e'(h liRs e8I tPhEeasLEPhr trans-

producing the viral vectors according to. the invention. They can also be
fegtesanith he krsigeAecardiBpipiiR Mg tiBsulated and transplanted to the

CNS In a further aspect the invention relates to a transgenic non-human

A go'fﬁetﬁét%%ﬁ heg 8g:181edueed andigreieatpdin

S etlca 51
|t evec raccor € invention animals that overexpress

ameumsmmeabiaﬁénmgemmr@;mqﬂ@ntrqn@daﬁ@nntﬁ@@%fecéﬂwmﬂectors en-

cSIRNG RemeRtAl IS Réﬁf@ralgbratheeaaétﬁ%wﬁrb@é trr@nstmi@ai eelttiagected
the genotype of the |nd|V|duaI ani- 30 mal, i go f éan al o

A TATEAE S A SEBeR IR oL are | TaTea g ncustrial

ionrela

: saah@Iamalhxbearebfcnéntvtastﬂvﬂétethilew@&hmwmbnglr@g”SaO%rmlﬁérhﬂeHW for

tr%ﬂgggrﬁgﬁ%rp% IHamMaidHTUSIfEf aguwaleRhif FREINEERRICORS particular

and at east one isolated host cell according to the invention.
a%@@ﬁ%ﬁﬁ&ﬂé’@%&?’ﬂi’e"b@@ﬂor the local delivery of neublastin upon
transplantation into the central nervous system Localised and prolonged

Intl%gl.{nh nt o%) vyttﬂé‘a}ﬁ\t%r#lse&a %%r CK CQ@@EE&PIW&%%B% Ht’%roducmg

a number 0 |sor but not limited to
a@mﬂac@m@mgeagglqnzﬁaw@@qn@@agée H@Wﬁﬁgt@ﬁt ' Rl deryed, 9e-

néne omRaRis stetplvirrIasts 4ARRA biaisgrueles sackblRIyis)nBE a pro-

used for Iocal and roIon d d livery of neublastin fo en eral dIS rders
mﬂteﬁlﬁﬂ%@bﬁ'uH .%8%&?%8@%%@?%@"8&%”% R Bath, FuRer 1 com-

pmdtgattmmeisarclam aymiswdietsiibositinel aptidesast gilgimeésgepnd strand
DRIR quglg%gglgergt%}{gﬂpﬁrticIes to a desired site in a patient using

a capsular approach. Encapsulation of vector-producing cell lines permits

continuous delivery of the viral particle to the target site, as opposed to a
Tﬁ&@q;au@n@ ba1Rnlekt arbr Glecaidti éoapydsusirsihke vinddhvesthrseatcording to
kelinood of jramune atacks THe CaRsHIShAYERANRSBIRIRAP b Lulatec
hﬁl@w ssage of vital par 5 ticles release m the pac aging cells, yet

apddveriyeddt hesshife into the cap- sule. This capsular approach
increases the safety and control of the therapy because the devices can

easily be retrieved (termi t|n ﬁr ctrcgn treatment QL X larr\;tnaq com-
Ing LRHeEiRTRESHdd m&a@ %?Fe FﬁS‘ SRR, 1
pittfiagtisinéageene cell being transduced or transfected wrth the vector according to
the invention. Such animals that overexpress neublastin can be used for gene profil-

ing and in the screening and development of drugs.

Preferably the transduced or transfected cell has the genotype of the individual ani-

mal, i.e. is not an allogenic or xenogenic transplant.

In a further aspect, the invention relates to an implantable cell culture device, the

-device comprising:

a semipermeable membrane permitting the diffusion of @ neurotrophic factor there-
through; and
at least one isolated host cell according to the invention.
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duced because the capsular device is not open or externalised. Finally,
because encapsulation prevents the packaging cells from migrating within
the patient, and prolongs the viability of the packaging cells upon implant,
fewer cells are 25 likely to be needed for this therapy. This may be
Theheaotpgeasscanfoetveedoivethegeoal idefivene obaeublastiniegatrénspianiation

int TS LasREChRRIVENHER e SR LY YR QFdimyesQeiResputigebiritactor is
Invention as a medicament. 30 In a still further aspect the mv}gep&té%'u Péﬁ&{ﬁers
a )

2 RRfREe AP BIFRIVR RSRESR NG (edi it R RiGHTRE
inelLaimediganenifitsdhe treatment’ ofdiseasen Uszsyitesrs dieatey, BErtington’s
.another ect the invention rel 0 f C raingioL, .
L R L N bR O
be N difsrirgeleamliRreenane delivaiy <tioprRiasis fer perphesal glisorders in-
clIGAENSLR RS YRVESYIRIGELAIRRASE arfdi AR QBRI FORMRAMBISAEERY in-
to an individual in need thereof: a therapeutically effective amount of the
clyde B¥oABE9RRntion; or a therapeutically effective amount of the
pharmaceutical composition comprising the 5 vector. According to this

Tﬁé%%@%@f%ﬁ IBYENHOSH R ©ISRIL SIS dTRIUAH 4R VitkP 518 et I 2PYesired

‘met or the treatment of nervous system diseases. As evidenced bél
sithdn b pakieRliUsiRcth b RRP A SRRRIRGR Wit BRRSHIBIVR Qb Y PR Qtaag el
lineyenlinmsedfisubadaiditeeytofuhsadalseotel®odhthrgetsiledas opposed to

neuhlastin and as a canse €.l \V/ euti | A

f
= A, Tt 5 SRR MR B L EARIARe iR 86 ed fBitood o
inypserattickabes sanuRaNGUCBATETSREIANOSSIARI RN BasrrRacialMiIral par-
tidleSina LR b tRparRagicadse ffecirsvan piert-ebinmbaurdines the cap-
cells of the invention; or. - an implantable device according to the
Sli'lli‘:{/ention or This aspect provides another way of treating nervous system
disorders based on ex vivo gene therapy and implantation of therapeutic

Tﬁﬁ”éag)t B%@I%ﬁré CLEHPR RSO 8aRRY AR R ARty BEcause the

currently preferred method for large-scale production of neublastin is
devdesoraRARIERErEERYe e mRBIRtngSE JTRRAYSIONRIRRSH) or explanted
afuritigappnsafobagyens be- tieawiynt)efvaiperfitiee grateén oAinfection is re-
agliesnative metlod which g el torRioghielan gf Zdepearch scale

amounts includés culture of a mammalian producer cell such as CHO

cells secreting correctly processed and folded neublastin into the culture

FimauR cAiRBNba8UEBR Pricalater ilakyghyeasityirdmeniapannalanin the
cells of the Present _ . .

patient, and prolongs the wabnhty of the packaging cells upon implant, fewer cells are

likely to be needed for this therapy. This may be advantageous in further lowering an

immune reaction in the patient.

In a further aspéct the invention relates to use of the vector according to the invention

as a medicament.

In a still further aspect the invention relates to use of the vector according to the in-
vention for the preparation of a medicament for the freatment of a nervous system

disorder.

In another aspect the invention relates to the use of the vector according to the in-
vention for the preparation of a medicament for the treatment of a CNS disorder.
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invention produce neublastin in higher amounts than seen before for

mammalian cells and, therefore represent an improved source of cells for

producing bioactive 30 neublastin, which is correctly processed and

folded neublastin. BRIEF DESCRIPTION OF THE DRAWINGS Figure 1:
Fukttgnment, didgSRdEmueintes feommethiodishirgatingls. ney g sisiem/disgsse,

samﬂegﬁsﬁec AL VeI SRRRE S RHIRFVIGRR RN, Werssd for
trans uctlon;ﬁggnments in Example 2. 7 Fi?ge 3: Vector map of the

a fespeyiciyisRive ame g Rpredar A& RE R CigsP.ANBN.W

a peiwpentBay Hfsol X aaidestrittiba sitasnasedticaE xampositiord deigyrising the
Determination of NBN activity in the RetL3 ELISA (duplicate samples). (a)

VEIBN activities in cell supernatants were determined using recombinant
mouse Artemin produced in E. coli (mART) as standard, (b) Analysis of

ASHhEmGRNRIL ARpdrarsiardarhepion(Ehapaly prooirdpRipasasdsirumo gene

transduced cells. 10 Figure 5: Western blot a%naly is with the an.ti-l\rI]BNd by the
theFROEFHeds PR ELRATRSY & PRINR S Sy thed BN SR By
afpefiddBitamplels (GREOUNBIN)vtRe vicptaestsrembiharnreest (invBnon re-
séfi’%rﬁg‘@tﬁ%ﬁ&&ﬁ% NRIBBIR A ofRREs 424 Taasieaad MhdtERNsderRequence

wi BN expression constructs and two CHO cell clones stably
imprereddnesanfyticBReRlom a wildtype construct (CHO-NBN25c¢ and
CHO-NBN16). 15 Arrows indicate the position of the glycosylated and
non-glycgsylated mgnomers,: [ i i
e et e e
diegptan atihmseibaEcomppring, i saiaRéng tern individealdhnesd therael:
C-hNé%XVa%thEQg SRoshavsRiasnickheHisRElcdDeamspipnriinneten; or

Example 6. Figure 8: Fjg. 8A shows relatives NBN release conditioned
médi%'%ﬁ%@?@éjﬁ geﬁgcgﬁﬁgﬁéﬁﬁk@ﬁvﬁn fifePent cell lines, see also

Example 7. Figure 9 depicts the sequence of the 104 carboxy (C) terminal

Tﬁ%&%ﬁy@& Soldbe 398{%?\]%9‘6&%%%‘%&899 HAPiSEELID S L8N ex

_ e corresponding sequence encoding the 104 C terminal . |
viapnigenaciheraPyh@hivR AN U KISGARE YIS (SRS IERRAEISs8) SRR -
ciibed sitisbridscopasantatipding the 104 C terminal amino acids of the

~ native human neublastin optimized for CHO cell expression (SEQ ID NO:

59). Nucleotides in the synthetic gene that have been changed from the

Thatiwrestlypesferedamatiiedtial RossmEguPECtYiiop; @S tRbIRSIR R fipterolo-
gSB9URPRRMENIA BlasnidUpNENERRR (SRR Qurification, refolding and op-
tionally cleavage of the protein. An alternative method which is used for production of
research scale amounts includes culture of a mammalian producer cell such as CHO
cells secreting correctly processed and folded. neublastin into the culture medium,
from where it can be isolated relatively easily. The mammalian cells of the present
invention produce neublastin in higher amounts than seen before for mammalian
cells and theréfore represent an improved source of cells for producing bioactive

neublastin, which is correctly processed and folded neublastin.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1: Alignment of IgSP sequences from various mammals.

Figure 2: Vector map of the lentiviral vector construct pHsC.IgSP.hNBN.W used for
transduction experiments in Example 2.
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60). Immediately upstream of the presented sequence is a "CT"

dinucleotide that 8 contributes to a Xhol restriction site. Immediately

downstream is a BamHl restriction site. Figure 11 depicts the DNA (SEQ

ID NO: 61) and amino acid (SEQ ID NO: 62) 5 sequence of the 104 C

terminal amino acids of neublastin fused to a synthetic signal sequence.

Ihe si edp HRdefigssdd depifts IHSFONENSBEuACe
P £ e o (e 104 & ™
PRisfGSRNEN NoDSERn RASH T S FRSHIEED Sl Ssh e e

signal sequence is underlined. Figure 13A depicts the DNA (SEQ ID NO:

.65) an ino. acid (S NQ:.66 d f '
FIgTd R B RO SLO N o Sl SN SUhIeAE Bies). @)
NBNnattbdtrreritecs)iuadeeineiants wajardatspringsctsing FRAaMBERhY pgnouse
ARESPrataming agish GRRTP N Qiafbracauenaa@ishsr 0ddmisatinabm

amino acids of neublastin fused to g m dflfled albljénénps%rﬁgl sequence.
e ClgA Aa o AT R PR B PR U BTSSR DNA

sequence (SEQ II_I) NO: Q?) anql amino acid sequence (SEQ ID NO: 68) ,
gl B! WS ISHTIRR HEGERIRS Bl SHRIRBHD iteddp Adramen) AN of

ormone signal sequenceé. The signal sequence, which contains an intron

GRRighehalhatingy riglies NENFRGHRNENE GiRAGHRN RN AN 20 ng'rat

rRBHIYRSHIN INBA ¢FRBKIP (D) Arigherllsf ssirgrthiamstbironmARPE 1Setaesfested or
15A) or,the h h hormone si e

el R R BN s o AU s

overekieesi#irg tRNifed T agmBatyPEneqrsiKstalGHQBIBNRGC 215B S HRADIRY 16)-

ARBWESRERI ORI PG RBHNG asidgnRieaiaskia Grgrndinalfcaeynast fgnsmers of
15A depicts 30 deglycosylated neu I%%i from albumin-directed secretion.
"‘F‘falﬁg'ﬂgﬁeﬂéﬁ%@% y%@s?flg@dl% astin from human growth

hormone-directed secretion. Figure 15C depicts neublastin from human

F%{R\Q’@ 'ﬁ%'&]%ttﬁw %f%?éﬁgls;?éifﬁ(ﬁ'é)'Bleggggﬁgytgi@'@ptﬂfépﬁﬁ%%aﬁon see Ex-

orrespond to the preSence-of various orms. 35 Figure 16 depicts
ampEtassay results demonstrating activity of recombinantly pro- duced
neublastin produced in CHO cells. 9 Figure 17A depicts the amino acid

R Tt (g S e e NS T e 87 e plgsmi
psECxMintcoa explanglion seo ExRIMRIR-Rngth native neublastin signal

peptide. Figure 17C depicts the amino acid sequence of the full-length

neublastin pro-domain. " . .
Fig%Lrlg g:slgig.psg\ gﬁowag relatives NBN release conditioned medium and Fig. 8B and

8C show NBN in different cell lines, see also Example 7.

Figure 9 depicts the sequence of the 104 carboxy (C) terminal amino acids of the
native human neublastin polypeptide (SEQ ID NO: 19) and the corresponding DNA
sequence encoding the 104 C terminal amino acids of the native human neublastin
(SEQ ID NO: 58) aligned with a synthetic gene encoding the 104 C terminal amino
acids of the native human neublastin optimized for CHO cell expression (SEQ ID NO:

59). Nucleotides in the synthetic gene that have been changed from the native se-

quence are indicated (*).

Figure 10 depicts the neublastin sequence within plasmid pNBN026-35 (SEQ ID NO:
60). Immediately upstream of the presented sequence is a “CT” dinucleotide that
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DEFINITIONS "C terminal amino acids," as used herein, means a series

of contiguous amino acids in a polypeptide chain most distal from the

amino (N) terminus of the polypeptide. 10 "Neublastin pro-region” means

a region comprising at least amino atids correspond- ing to amino acids
conttibatelltob SOl IBSTOtd sita., MmeRiaishy dewbistrNpisiyp Batildl restriction
sitoEQ ID NO: 10) as used herein, means a polypep- 15 tide consisting of

mature human neublastin, to., the 113 C terminal amino acids of

neublastin (a.a. 108 to 220 of SEQ ID NO: 10), the full length human
Figatblastideprcts dbm@DNAOSHER @3 A0in6 Bcals! proimahdinl tHBEQR tébn s 62)

s??ch}gﬁc@gﬂﬁ %H%‘i’l@ll@r%ﬁlg&%&ﬁi &;@Egal&m%oo?o %%Hﬂ?etic signal

man neublastin signal peptide, to., amino acids proximal to the
seqyenemisosigraheRMIgnaA isrvnderiRgd-(a.a. 1 to 39 20 of SEQ ID NO:
10). Signal peptide - eukaryotic signal peptide. A eukaryotic signal peptide

is a peptide .present rateins re.destined either to b reted Qr
PR TR B e 1PN R e Srstars O, 64
seheqnesaittbent@4t, Giltesigingl pepins ddids idEnetibtbalisigsa tvergigublastin
Si&%ﬁgﬁ@ﬁg@b%&&g@gg] SdLBrRERNGHIEHRGEA. signal peptide. "Functional

neublastin signal peptide," as used herein, means first 39 amino acids of
SEQ ID NO: 10 or any portion thereof that effects the secretion of the
FirpakIresnetbpids lietihiaN{SECRIID" Ndce6) andeaiiastiackig (BEQ ID NO: 66)

s%qil%%%%cgfl Itmae?t')"f é %?ﬂﬂgg%&%?&@&en%ﬁ%ﬂ%ﬁg fﬁsmigﬁgﬁbumin signal

astin signal peptide. 35 A' mammalian signal peptide is a signal
sgrsine dER 8igr seaueReansdRdetinadin secreted through the ER. 10
Mature human neublastin polypeptide as used herein means the

C-t inal 113 i id i \ blastin, i.e. ' ids.
PR oS IR Db (TS BN T R i R 18 8 70
sémrentenofrisetiE -2 rtaiminal 1 3nsinomasidacidsnethiaiia fusedeto a modified
aBEHRIASTRal-Se AR afiflsshHE1 224 ineE i tRd¥AInkd. Mature rat

neublastin polypeptide as used herein means the C-terminal 113 amino
acids of native rat neublastin, i.e. amino acids 112-224 of SEQ ID No. 12
Fiodeublastiotp alep il seguened (BECIN&ENS6T pefypeptide acid sequence

i ) a1 90- . . :
TR U B AR AR o s
gravie heerrad§ignRlaasueiepdiyp SisNgé IRAHpRRR SRR CaRiaIRAN intron, is
uS@stika@mino acids of native human neublastin, the C-terminal 99-113

amino acids of native rat neublastin, or the C-terminal 99-113 amino acids

of mouse ,
Figure 15 depicts mass spectrometer results of neublastin secreted from CHO cells

using the albumin signal sequence (15A) or the human growth hormone signal
sequence (15B)(15C). The peaks at 11,156 and 11,157 daltons correspond to a 104-
amino acid neublastin C terminal fragment. The peaks at 11,084 and 11,085 daltons
correspond to a 103-amino acid neublastin C terminal fragment. Figure 15A depicts
deglycosylated neublastin from albumin-directed secretion. Figure 15B depicts
deglycosylated neublastin from human growth hormone-directed secretion. Figure
15C depicts neublastin from human growth hormone-directed secretion. Peaks with

greater masses correspond to the presence of various glycoforms.

Figure 16 depicts KIRA assay results demonstrating activity of recombinantly pro-

" duced neublastin produced in CHO cells.
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15 neublastin, each with up to 15 amino acid substitutions in the native

sequence. In certain contexts it will be understood that "secreted

neublastin polypeptide"” means a polypeptide to be secreted as opposed

to one that has been secreted already. The secreted neublastin
Fisnisepdpidecpinds thet aminaircicheemlaste pféulklsiogihooerblestionarluding the
MM%H&HKQHQW@%HWM@M hetwresihe fiora.prptifRyard 78

the mature peptide, which propeptide is cleavable from the mature ptid?
B HreaRBIICRRA FE RS- RU P SRS B AR AP KR S Rl PPt
Fighen dio depiets atengminth2Gil Re@uen&EdF thediiftdergttiREEIbRS N pro-domain.

dimerisation and autophosphorylation. Measured with Kira Elisa or RET

L3 Elisa as- says. "Heterologous," as used when referring to a nucleic
DEFtNEERNMBCe or an amino acid sequence, means a sequence that

originates from a source foreign to the particular 30 host cell, or, if from
Jhe same host cell, |s modified from its original form. Heterglogous signal_ .

ST DA AGE8 HESh AT G 56T,y TGS PG acids

ime polystptidelgpaiptinestidisBEMA HRDamPg ORI e the|polypeptide.

INVENTION The invention relates to a method for producing a neublastin

polypeptide wherein the nucleotide sequence encoding neublastin
"NewhRiererseibBRrLe Bl !S'9qr?tﬁ%aﬁF§éBWPc%ﬂ?éx?°5reSP°“d-
inYy Soraginn scidyprisesoatl tbatBRMIMDNOIAK;41 16211 of SEQ. ID. NO.: 10,

11 or 12. More preferably the pro-region comprises at least amino acids

-41 to -1 of any of SEQ. ID. NO.: 10, 11 or 12. More preferably the
“DierreprublasiimpabesriideaSEHIN NOHd W asdaerdiaipinofnsars. arpolypep-
1iOecohSistdgbr IRatiRshurafe iRk aRMIiseS thespm tdanain @hthe acids of

) ' ino 10 acids -41 to 27 of SEO ID NO: 10,
BPORTD Gifad OB .2 B ek i s BT e sl or-
dpepioeise], 3HEBSexpies sicids/prdmat to thih i tetmints ehtisnresisr Rrudlastin
(BUCIRI A6, CIBRES 1A RIS IREAUABRSH 6ABRBIM AR CLY, the

transduced with an expression vector comprising a nucleic acid.
3BAPRRIAGLS BrowoR e dariAlieainpa ot BRURBSHY pTonath B, 1 1o 39
onseeoircegoience encoding a signal peptide operatively linked to a

neublastin polypeptide, wherein said nucleotide sequence does not

encode a 20 pro, region of a neublastin polypeptide. During the secretion

Sigoakpsptide sigvEREpirieisTaheepidplAsayeiotiand Reeiidedsyy aeptide
pRestRedhsRASE e Reubiastn sglspep desdbfatisdtae ©leravagemtstidscom-
p%enerall _defineﬂp,é?gskilled a}r{éso%n will azf rleci@ée trré%te thec[)e gan %ﬁ sianal pep-

Qﬁﬁfﬁlié'%‘?ﬂﬁ G B R B RIGHs rgPer%ﬁ > RIS Sghy G @l signal pep
tidesh ndintiGedsih Sigpdorfverainmig®- or preferably version 3.0) are considered a
signal peptide. )

“Functional neublastin signal peptide,” as used herein, means first 39 amino acids of |
SEQ ID NO: 10 or any portion thereof that effects the secretion of the mature neub-

lastin from a cell.

“Functional neublastin signal sequence” means a nucleic acid sequence encoding a

functional neublastin signal peptide.

A mammalian signal peptide is a signal peptide derived from a mammalian protein
secreted through the ER.
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ity with respect to the exact cleavage site are within the scope of the
invention. The signal peptide may be any functional signal peptide, such
as a heterologous sig- nal peptide, such as a mammalian signal peptide.
The signal peptide may be from 30 Hhy suitable species, such as human,
Vaiows ehuatanmoekietasting pdlygeptdecasy usetidnseeimhpesighdhpeptiganinal 113
amﬁ(? %éiﬁé@ AEHRIFRIR-RABERLER, A0 diRiRseiamblvslso6ttt Seeetbifo. 10
said neublastin polypeptide, such as the C-terminal end of the signal
peptide 35 being fused to the N-terminal end of the neublastin
veelypaptides loubkelid porpdiiéhasnppeddetexampales, e Gserofitials 113
signal tide in general results in an. improved.secresi last
SR TS R oo el mer s B TR A0 AT . 1
lentivirus-transduced cells (in vivo and in vitro) and with plasmid

MEanefestab G AR péiypkpling eslissBEPALRSEIRIURR RIGERIRA 313 amino
b,lologfl 5 cally active gro_tem when the sg%ﬁ%)z 4tld§ E%lj\lfus directly

agiifer GaRedBL R YR IR AP DRSS (228X d 8%%1 Bro Part). The
inventors have discovered that not only the native neublastin signal

NRCBIAR fURHIRAS asignal PREtS RS NIGHRIOMNSSIIPRIng the C-

peptides are'useful and 10 often provide a higher yield than the native
tigingl @@piré%.arfna%@&%|6fgBa%vgi@H&%bﬁ%@'ea%b@§e%&ea'ﬂ%rﬂ9-144 of
nthgatpranoaisiNgiiasgroWitréapteferigiyeh péntidastn polypeptilsigmaprises
REEHIER.948KS SANG RERIAR AR IRYIPHIOUMRIRAL R R 113

us, examples of signal peptides are signal peptides selected from
athingyasifs s masieting oETtENINsigHhEferieainaCigr! 4% AripR eSOl mpuse
n%l%%@éﬁ??@ﬁ??ﬁm%ﬁgﬁpst%1§;b£ﬁﬁw%ﬁi Bl%ﬁlﬁt_ Uﬁm@nlrﬁi&@?hmijdﬁéluednce. In

SF signal peptide an sigpal .peptide, signal peptides selecte
CRERIM PO L D BRSNS BB " SU LB AP g oone =
pglypapiide sisbingedgiedvts nppneed fonsutinh& ies e Se¢reped atgadly. The

MR d Rt BoRBEdRliFdbeaR dBHRARUKHL SR PSRIdRdA. one

embodiment, the signal peptide is selected from the group consisting of

neur- turin signal peptide, GDNF signal peptide, persephin signal peptide,
FaRetidtaFrrigbiaktpepiddenzinl is anesptide vdmdimenycdre thig signaé ptpitds and

selected from,the gro Isting .of !Qumi | B ' £ Hgdo furi
t%ﬁbﬂﬁiyﬁes%%atl%é&méﬁ)gr%? %%@V h]%ggmoneés]g&r%aqd%[‘)e%ﬁ e,%?c‘?féu as a y rn
afyrriep@ariel fefeienadlfRsRlifife group consisting of rat albumin signal

peptide, modified rat albumin signal peptide, and human growth hormone
R e i R DSy SR e AR SR HAUE e
dimerisation and autophosphorylation. Measured with Kira Elisa or RET L3 Elisa as-

says.

" “Heterologous,” as used when referring to a nucleic acid sequence or an amino acid

sequence, means a sequence that originates from a source foreign to the particular

host cell, or, if from the same host cell, is modified from its original form.

Heterologous signal peptide — a signal peptide not naturally being operatively linked

to a neublastin polypeptide.
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Thus, in some embodiments, the secreted neublastin polypeptide is fused

to a native rat albumin signal peptide. This is exemplified by SEQ ID NO:

66. In other embodi- 35 ments, the secreted neublastin polypeptide is

linked to a modified rat albumin si_ngalI sequence. This is exemplified by
DISEQEDNXESTRIPTEEN O&niibtic MénbsT BN se 13 creted neublastin

polypeptide is fused to a human growth hormone signal sequence. This is

exemplified by SEQ ID NO: 68. In yet another embodim(%w, thﬁdsinr]qal .
TheeigetienaieripnincgBIRA GERAMSHME ne-HiRsinoohpeptide wherein the
nupBLAS glIdiTtE @Ry dihginesibiastip eptigeplivpalii kot encvdmanwe-region.

obulin sigpal ide may_be a signal ' ectad frapthe P_11
e LG 1R LR L (DTS e Faab 0Le T 2 P11 of
SEQrdPeNgSH SEQRID N OTR mrfaably iR EEIDNODRISSS, Fiaghamino
acjiﬂg E{g%g‘l: gf%@ﬂlaf ?gﬁlﬁ‘ . rN@‘!f.Sﬁi)OlQﬁlPQK?Pﬁi(@ﬂtﬂaegﬁb@éﬁtﬁlih}ﬂﬁﬁamo-rﬁgion

gSF 1). 10, Immunog in si is,a.s
coftPih G UERFHEPHAR AT ohy ) LB Gt B sttalCr Tt 12 most
preéarablycitschopribesntine, presiosaionKetensmqrenees, ranrrepeRdingdtpigmino
2l A998dinFigere b NBE REGERLRRANSASC AdaBtEY 6PRIBEIRSING: 11, or of

Auman IgSP varies from 21 (pig) to 68 (marmoset) percent. This relatively
SRPJP Ny ddation indicates that the specific sequence can be altered to a

large extent without substantially changing the biological function of the

Signal peptide. It is also observed that there is cross species reactivity as
SigtiaChgRts?

y the appended examples. These were carried out with the
mouse IgSP which was functional in rat (in vivo experi- ments) and in

THYR RIS OEF A& 6RIIRY RO HOERRbRIRBAPRELIS HhiMeigeasi compris-
human origin because the mouse IgSP. is kno to be functi Hal in
: ol dusetheth

ingh GRBTPATE RFHFASR SRR, PLF LT ALRSLBBREHh (S exprossion

véreiecablyrising aumaleioragid toowtiming repuradies seuehegrapeble of direct-

in g%e)\?;!?esséf o?Herﬁ}clééﬁé‘e heienahestingry %éi%i@%ﬂf%ﬂgdﬁv@y linked

Ive neublastin signal peptide such as a native human neub

tin signal
tope AR B PRELO o BRIEI SR P HE R HEERadR R To00e 2

pRERSifhI ankantiblpmeitide is called delta- proneublasti n. 30 In

yet another embodiment, the signal peptide is a synthetic signal peptide,

such as the signal peptide having the amino acid sequence of AA1-AA38
DofisE (heéDsR@egon process, the signal peptide of the neublastin pre-protein is

cl@!\ﬁé‘ééqg A ASEPAARSHRIHEG Fre GBIt DlssssaA. eGieGheS eiideage
LeuTrpProThr- . . . . —

site is generally defined, a skilled artisan will appreciate that there can be variability
in the signal peptide cleavage site. Accordingly, embodiments having some ambigu-

ity with respect to the exact cleavage site are within the scope of the invention.

The signal peptide may be any functional signal peptide, such as a heterologous sig-
nal peptide, such as a mammalian signal peptide. The signal peptide may be from

- any suitable species, such as human, mouse, rat, monkey, pig, dog, cat, cow or

horse.

The signal peptide is linked to the neublastin polypeptide, and is preferably directly
fused to said neublastin polypeptide, such as the C-terminal end of the signal peptide
being fused to the N-terminal end of the neublastin polypeptide.
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LeuAlaAlaLeuAlalLeulLeuSerSerValAlaGluAla) 35 14 Neublastin

Neublastin polypeptides are proteins, which promote survival, maintain

phenotypic differentiation, prevent degeneration, promote regeneration,

and restore the activity 5 of neuron&t cells and tissues. Neublastin
Agrdtislanded dnbihe, apgendan exenpies] §ehascatetiiatsignsbeantideriegeperal

r%%u/lﬁ%%’éﬁ'ﬂﬂ{ ﬁgre@tge#\é@lajﬁ%ml fs%(Fdeodﬁﬁ‘QY'ﬁfrcf&ﬂi ﬁlglIMM;/@he results
eublastin has been classifie istant member o
W?@#%@%@%Wcﬁmﬁ P %%Jéafa%efg‘@f FLMfe & éﬂﬁ&%&{)d with
plﬂasfh?&tﬂe?r&)‘emieldi:cellsn(mnmw)ofrgbat&ikslIpduwmmmatemqlrmpm(afaatbplogl-
' I
D e B M e 2 sy cogine
fQ*iéhLﬁtmﬁ’M“?\Pl" RFG'W@WQMQQ)’[W‘H@&HBS of the GDNF subfamily

have i |n common their ability to induce signalling through the RET

ecep rosine kipase, 15 The ethree ligands fth GDNE subfam|l .
Thl %}(/'-,‘II‘ r@laeﬁ\fg Yr%eéjs oar%an aml?I g(Eneurotrog |ca%%[én {ore. S, { eptide

f@am[mmm]are@sptmspw@amtsﬁma%t@'ﬁémmﬁmmwﬁ@s are useful and
ofeirRaipiRl3- ﬁ%ﬂ_ei; B‘QﬁaﬁMﬁbﬁ&@%ldﬁﬁ%&ﬁﬂ@ﬁhéﬂ?@t@%lﬁ&é S|gnal
44 (2000); Baloh et al., Neuran, 21 %1302@%“&%% Alraksm i
paplg e A SRR B Do Aol APLarptce, a
heeqoes cgtampeptiis) af ogobisstsiof B QetididéCarkD ato imen@DIBbulin signal
péﬁ{?&gmily members Neurturin, Persephin and GDNF is shown in Table 1.

ublastin polypeptides useful in this invention preferably hold the GDNF
subfamily fingerprint, i.e. the amino acid residues underlined in Table 1.

TRbsl 2xdmpleslofeiynal 'ﬁéﬁilwmgr{épﬁm%@@@éﬂl@dwm@ group con-

tur 5N AUl mc oo
Rl SRR R BT St C B L [ HE L gy, BYP s
nanEx_e@llcteszLWMWWBMMWTEMEA&Q%M%L@SMPlgnal
péﬁﬁggﬁﬁﬁ pFéSﬁ%%Q'%'élééi'éd‘fromahUnﬁcme'S'ignarpepnzie"sam-hvmme being

Sﬂﬁ&%ﬁWA{?@LWBE%?R@A%WF%@%E%B‘EE%Q%T&% RAbrAL S
ADSH,MSel)TSt)-Tidl) T4, and DHEA, or an interleukin signal peptide.
LVPLHRLPRTLDARIARLAQYRALLQGAPDAMELRELTPWAGRPPGPRR
RAGPRRR Neublastin
'WWMWW@GR?NM@NAWP%WWP@WR?P@MP@?@GG”“

tURAARRS GEEdE exsamhisididl peptide, persephin signal peptide, and NGF signal
-MAVGKFLLGSLLLLSLQLGQGWGPDARGVPVADGEFSSEQVAKAGGT
HRPL

In another embodiment, the signal peptide is selected from the group consisting of
albumin signal peptide, modified albumin signal peptide, and growth hormone signal

peptide, such as a signal peptide selected from the group consisting of rat albumin

signal peptide, modified rat albumin signal peptide, and human growth hormone sig-
nal peptide, such as rat albumin signal peptide and human growth hormone signal

peptide.

Thus, in some embodiments, the secreted neublastin polypeptide is fused to a native
rat albumin signal peptide. This is exemplified by SEQ ID NO: 66. In other embodi-
ments, the secreted neublastin polypeptide is linked to a modified rat albumin signal
sequence. This is exemplified by SEQ ID NO: 70. In other embodiments, the se-
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| aﬁ&é\@é%@sﬂﬁ'@lﬁ%t%ﬁfé%&ﬁ@?é Reptdeyd dhis Borie:

GDNF_HUMAN-full

NMPEDYPDQFDDVMDFIQATIKRLKRSPDKQMAVLPRRERNRQAAAAN
PENSRGKG 15 Neurturin-full

RARARLGARPCGLRELEVRVSELG{GYASDETVLFRYCAGA_CEA-AARV
crmmmsmepblm'mtide is fused to a human growth hormone signal sequence.

%ﬁ@@%@@@NBV@ALGLGHRSDELVRFRFCSGSCRR -ARS
PHDLSLAS Persephin-full
ARLRRALSGPCQLWSLTLSVAELGLGYASEEKVIFRYCAGSCPRGARTQ

r GAbYdithviANhdudignal peptide is an immunoglobulin signal peptide,

s%ﬁlﬁg@%&ﬁg@% AT Rk Gl SEHERN GIARER A TR

eurturin-
gloRGRSRIERPERLIIR VR OPE SoET peptitrsaicied P R g o U aRISENg Of
%@Y 1I'D NO 4) rat IgSP (SEQ ID NO 6), porcine IgSP (SEQ ID NO 5),

(SECGBNMB@MNEDWHWWQSAAACGCGG GDNF fiul! N-full
LSRNRRLVSD----

KVGQACCRPIAFDDDLSFLDDNLVYHILRKHSAKRCG%W E!e%qi cates
ImypunREietminignaleeptife,loShjsa el 48 AodRp.ac B fem 2
Iaﬁéé@cﬁaﬂowlﬁgamm Dheugsisehdbs Foomehivatin- §TosLb EQRkeYH@AMoset,

rat m gée n lé gI\I/IILV e i eg(FéW g@Aﬁggén'ﬂa&gjéﬂcg f@@nﬁﬂg%mﬂared

aker grou conserv ATV, SAG, SINK, STPA
toswmran W RFR@ReNDEQRIK (Mg dHEB(MArMPsSIrReresBin This Aaktueheiaroe
vaISSIdRNRRidGRNIRN R QpeLific Rllgehcd §@ﬁ1 &%ﬂﬁédth@bﬂﬁtgemm‘ém dtsout

S R LGERPA Eg oo HTCAEE L REC APl e T, sragrved
theth tivenet s lveos snspeties ma:ﬁmlmévmﬂmmwdhﬁ@mmmu@mm@@ These
wgn(e; Icg’rrléfi%m/ @ﬁﬁﬁ@%o&éqgw w%ﬁ%@%ﬁ&%ﬁ%@wﬁwmﬁw& experi-

erprlnt underlined in Tabl eb‘? he neublastin polypeptides useful
mgsie) PR BERBREkI ARG HERVe form, 40 including the form of
pre proteins, mature proteins, glycosylated proteins, phospho- rylated

telgls #gur?cg}ggsf&{ %% QL AP, Qe ﬁggﬁ‘\t@&@@ ﬂ?él}‘nm%%'fngP is known

ro Sieed Ssumed tha a bioactive astin Is in the dimerized form
tdchee‘aahth'BNméﬁ@#ﬁe akandbemaBLRRgRoR KSR iUitenapPaiadyhe 1gSP
piditleaiyne Betiihids eRgRIVEGiact teanbein RN pObieRHsiS dpecies side
hioactive neublastin polypeptide includes a dimer 45 ized polypeptide that,
efiethe presence of a cofactor (such as GFR[alpha]3 or RET), binds to
GFR[aIpha]3 or to a complex of GFR[alpha]3 and RET, induces
t@ﬂb&ﬁ REde tﬂ@%@HEﬁWBQQ&@HQ&B“@E&&&WQ@@Q bépﬂlde such

eub astin polypeptide,” as 16 used herein, is a p %de whic

eo%fir8i%33truct of
ngh%nﬁéblﬂﬁéﬁhpéigﬁ@lpmﬁ@ﬂqyodn@ed metivtastiethoolgpeptids ife/ecaled delta-
a 5 least one biological activity of native neublastin. Biological’
| E%or purposes of this invention can be determined by any suitable
method A biologically active neublastin

In yet another embodiment, the signal peptide is a synthetic signal peptide, such as
the signal peptide having the amino acid sequence of AA1-AA38 of SEQ ID NO 62.
(MetSerTrpAlaTrpAlaAlaCysProProCysProThrAlaLeuGlyLeuGlyGlySerAlaLeuTerroThr—
LeuAlaAlaLeuAlaLeuLeuSerSerValAlaGluAla)

sq%‘]l@%p&_sg § %@ CRPTﬁéE (%\L:%JFMRIH\I’B suc TXSDHR(I)'L%éTgSP
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polypeptide is a polypeptide that, when dimerized, can bind, along with
GFRa3, to RET and induce RET dimerization and autophosphorylation.
(See e.g. Sanicola et al., 1997, Proc. Natl. Acad. Sci. USA, 94:6238). Any
method of determining receptor 10 Bihding and receptor
Neubdgdtirsphorylation may be used to evaluate the biological activity the
neublastin polypeptide produced by the methods of the invention. For
example, the KIRA assay (ELISA) described in Example 17 can be ysed . .
New/l3sREpoGRRALLER BiEI BRSNS (REEalE S 4Rl pLaiogenonpic
diffiérahtiRias gireyerB e sreratidn, Nenits tragartsicaictiv e for mestanealise betivity
etected using the Retl 3 ay de- scribed.i ple 1,
B Ot Desca R e agrin hio sores
has sienatehyboen TateRsambigigg fansattHsasy fetre ¥ PRREL AR @ Hilgnovin®
(s@&%@?W@G@H@MF With. wild type signal pe;ptide. Upon transdgction
or transfection into mammalian cells the resulting mature neublastins are
only secreted in very small amounts. The native signal peptide of human,
NBiblissiahds diceeutikasiiedsas prdistariechbmbiee 6if $h8J Girinsupeitisnihs (Mas-

—-AASQ- f - 10 ("Wild,types. i ,
S3G4R 5 S Toh of SEY B K TRt ere) o ag Aast gl ce!
linerdecverbnesrgsrephis) atins mm&gﬂﬂhp&il%é%’ﬁaé’\é@c?é{@@éé&o%m& fgmily
whishi N GBRFapkiseisig thPr SR Alisraaktee anatges hNmadn 20: 245253)

neublastin pglypeptide n Jy consists of the M 113 ami .
andipg g&?hle’ugfgsgﬁgjt}é a 'gﬁ] j %Tédgnﬁc’l%n%c% %nc?f\' S are Lr%%nlr@gh%e n
carahiendhesefbilitgdblidirceisipyincathiolghAhaREE maneRtaneasion Idnase.
TRELE ARl MiartiUs: HREEERIC R BARID 8RR RANBPRISEVROFANIRES s 1@ family

the C terminal 99-113 amino acids of native human ne% lastin, i.e., its
’nl@gfslgg?ferably
thtdGgiide CER[aPhAB-RENCansx. Irdadabetadl. Haeeaonentth 2, the. 4335-
n tin, polypeptid segrefed is g dpsign I6e A WhIG B:08  Mol.
4%1%@@/ I%r%)lea %{kﬁea(}ir?\fﬁuep%}t%ﬁ ’sé%'rejlt%%human(ﬁge%géfaé{%kgoﬁﬁp 17 °

CetleNasonstiercef e 0-t8ienddd {P8mino acids of native human

neublastin is ex- emplified in the working examples provided below. In

addition to varying in length, the secreted hum u in ypeptid
AEaWHﬂ/qﬁ'ges(?ﬂégﬁeg? g grﬂéaﬂﬁ%r\]/v?rfgnevb\'n @%}BZ(%E (—:-8 u ﬁ:ﬁ@ :? g m% z{j]cld%DNF
s(tathity tieiipsroendesnaiRessenhinpad/ GPiose shawaria debfalinNgeblastin

pH%?ﬁQB?o%@Q%éﬁmRQﬁiQ%ﬁﬁ&W IBNERIOMoraAN ARG abRRE MOKPrint,
10 (mature 140AA; hereafter "14 NBN"g), --AA25-AA140 of SEQ ID NO:

Leghmamine ecisasifues sderingshiiehle 1.
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--AA28-AA140 of SEQ ID NO: 10 (mature 113AA (SEQ ID No. 14);

hereafter 10 "113NBN"), --AA1-AA144 of SEQ ID NO: 11 (mouse mature

144 AA), --AA1-AA144 of SEQ ID NO: 12 (rat mature--144 AA),

--Peptides with a C-terminal sequente set forth in AA107-AA140 of SEQ
. 10, more preferably AA76-AA140 of SEQ ID NO. 10, and which

retain the 7 Cys residyes 15 charagterisi E%th é il
Amige_fsid &%ﬁé‘?ﬁn?%%ﬂés% ﬁ%’b&f 5 e%or((g‘jghe %@u ag?tn%w and
GPNFypeptide contains (seven) cysteines conserved as in SEQ ID NO. 10

at positions 43,70,74,107,108,136 and 138. These seven conserved

cystemne residues are known within the 1 GE- syperfamily.to.form.g0 three
NohtANanomeric dlﬁwmmm@ﬁmmmamm@mm%@smmmo

CEPENES gysteine Teos R 08 AL 30, ANE LA A O Eocre

Rtermonomeric disulf nd (contemplated, e.g., in SEQ ID NO. 10

henieftysteine [ESIHRE éﬁ?mm&biétﬁ@@ﬁéﬁﬁmﬁi@ﬁﬁﬁéﬁﬁed

%u irand region-esnstiutes the conservedvstmernsratmrotié foctieen
Gnmwf%fa}ﬂsuperf%ﬂ%@%@m@‘ﬁIQﬁESbWé?’QF%%%%Nf%%
Nemrmuﬁreferabiymmmsmmsﬂmmﬁdm af _MSPH%W%rms
Neerassinild,type prifRitf R SRl R i ahsante Ot The

anmfmgmmls mpoﬂmﬁd&m@t&m@m@v@@m&@iﬂ%ﬂ?ﬁ@@%d

xemammalian cells. %M@S@M@Jy&@m@@ﬁ%ﬁ%ﬁmmm_
NelBveRtion also includedrurrcated feaeeReove

avEER w
——————— G
ORI such HRERE Fiole e he LI e i eEaEs o
been deleted fromthe N-terminus orttie €- te:rmmus prefefably- fhe
N-terminus. The truncated neublastin polypeptide may be obtained by

- Proyiding 2 35 AN PR LRAGRE R SRdroaiGedRa he mature

neublash inp ypeptlde with ast one protease u ﬁ;r conditions

: suffieriseiesirgtiaee ehdhednlowing ﬁé[?&%s@ﬁﬁ’uﬁfsl GRNEIM et ably, at
leastsyre NECHQISHOHNNREQOBHEE, Bitidvedfitactiny, th¥WWs mature

_ heupigs! %gbegw%% 16 Winlmdgrmaties of aibexOrmpidasemeyblastin

peptiste ARl SATeraT By SLEBAED éﬁ%@&ﬁ%ﬁ@%@%&%'

encétied by the ex- pression vectors is the truncated form and needs no
further processing. 5 The truncated neublastin polypeptides described

FhsreinReie bl ekt 2 lynReRtidsssRrirenandRatenso uasse shiktteu-
seven cysteine residues conserved in the mature neublastlnﬁs/eﬁg g‘l JIQSF-

b@éFB&lh%réPé’ﬁ@&m eRiftestAk IARRIONR AMALEES: FRORRTYS
(el sgscrblamgt Basaiborattioxedaeminaigmimenbaidshidstiatues shown to be a

member of the GDNF subfamily of neurotrophic factors (LGLG - FR(Y/F)CSGSC -
QXCCRP - SAXXCGC, the GDNF subfamily fingerprint, underlined in Table 1).

The neublastin polypeptides useful herein may be provided in any bioactive form,
including the form of pre-proteins, mature proteins, glycosylated proteins, phospho-
rylated proteins, truncated forms, or any other post-translationally modified protein. It
is assumed that a bioactive neublastin is in the dimerized form for each NBN variant,
because dimer formation is required for activity. Little to no activity is observed in a
monomeric NBN polypeptide. A bioactive neublastin polypeptide includes a dimer-
ized polypeptide that, in the presence of a cofactor (such as GFRlalpha]3 or RET),
binds to GFRJalpha]3 or to a complex of GFR[alpha]3 and RET, induces dimerization
of RET, and autophosphorylation of RET. Accordingly, a "neublastin polypeptide," as
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10 113NBN neublastin polypeptide. In more preferred embodiments the
truncated neublastin polypeptide includes at least the 98 carboxy terminal
amino acids of ma- ture human 113 NBN. One truncated form includes the
97 amino acids from the first to the ¥t of the seven 15 cysteine residues
usEdiadusin nmJbquﬂypeﬁtiis;ecwmesppomsa@mBoratswhoa@timim(ecm SBe) de-

%i)o ﬁ bY; @nts of neublastin include truncated NBN forms.

xamples of these in- clude: 20 (i) the 112AA polypeptide sequence
designated herein as NBN 112, which possesses the carboxy terminal

Tﬂé%émiagtmcmﬁygéptm@mma&&ﬂasﬁrﬂmmaemiﬂeofergs anEntoacitisplay at

29-140 EQ ID NO, 1 the 1 |
sGeli APt A E e BB S B fpnen of e
inyentiamien deidisterainesieany iishie ﬁ%ﬂiﬁp@bt‘fﬁéD'@ngﬁ&YrﬁﬁBVﬁd@é'bbStm
p§9p%690%f é%%&@tlé@ﬂ{ﬂﬂ Wﬁeﬁmrﬁ&lﬁﬂymﬁtlﬂﬁcﬁﬂﬂ&%\(ﬁﬂth GFRa3 to

designated herein_.as NBN1 O Whé fﬁ %T‘,es es Fcargsox term%é la et
REF o30S s ds ot Aimstirl e g UEUo8 (6 &rdlinghigqe

al31194D, Gr&E QD NEadl Sclivy$Hhe Q@@Z&A)pénwepﬂwwcﬂmﬁmmng receptor

bgggl nalRd-O&L &%%@%%ﬂowmﬁ& na;;egé%éhetsaébazsxt@rmnaﬁonog,ca:

mIno aci s of a mature neublastin Polypeptl e, e.g., amino acids

agfpityitherrscblasinep!yrerise ereghasd Rysihe msiindsiak Beqiupriion. For
efiffigaAtRd KERAIREHNBINISS) wdichbpdsacEsas ie Tataoxydesaihtd H88ess
a noac sofa atuene ly e, .e
n%‘?% Ki89'£8 3 ?V\S'% U(%glé Iggolyggg%m%dgtsé%uﬁge%%g@gzateéc %%m
23@@@@@ NBN107, which possesses the carboxy terminal 107 amino
acids of a mature neublastin polypeptide, e.g., amino acids 34-140 of

SR e R e e S
saribeatineExauipistin [delyjieiiideithe. binlogiosh dits B W odiSEQiaksiel by

trgeORQfLQ Q_@Sy{)gggg%;)olypeptlde sequence designated herein as NBN105,
which possesses the carboxy terminal 105 amino acids of a mature

neublastin polypeptide, 15 e.g., amino acids 36-140 of SEQ ID NO. 10.
Tti®) e WingAdiiperye pédestegsarpeedesighataddepenpas-ptB Ne0Ulastin with
wiEBeROSSSSSE %.Ef ERGIAISITNAS LA AR AR RO BMANE cols the
}/)‘I)as?J I(} B de

neu e.g., amino acl SEQ ID NO. 10 (also
r@{lﬂagm@g@@@mﬁjmgg;re only secreted in very small amounts. The native

signal peptide of human, mouse and rat neublastin is represented by the first 39

amino acids.

' --AA g-AA 4 of SEQ ID NO: 10 ("wild type" human prepro),

--AA g-AA 44 of SEQ ID No. 11 (mouse prepro),
--AA go-AA 144 of SEQ ID NO: 12 (rat prepro),

The neublastin polypeptide secreted according to the invention can vary in length.
Although the mature human neublastin polypeptide normally consists of the C termi-
nal 113 amino acids of pre pro neublastin, not all of the 113 amino acids are required
to achieve useful neublastin biological activity. Amino terminal truncation is permissi-
ble. Thus, the secreted neublastin polypeptide corresponds to the C terminal 99-113
amino acids of native human neublastin, i.e., its length can be 99, 100, 101, 102,
103, 104, 105, 106, 107, 108, 109, 110, 111, 112, or 113 amino acids. Selection of
the exact length of the neublastin polypeptide to be secreted is a design choice,
which can be made by one skilled in the art. A secreted human neublastin polypep-
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20 (x) the 103AA polypeptide sequence designated herein as NBN103,

which possesses the carboxy terminal 103 amino acids of a mature

neublastin polypeptide, e.g., amino acids 38-140 of SEQ ID NO. 10. 25

(xi) the 102AA polypeptide sequenct’designated herein as NBN 102,
tidehiohsiptisgessbs Bderarivaky Adranied doRInRfinetivsidyiares meiblastin is ex-
erﬂ%ﬂ%@ﬁﬁ&f&oWBﬁ&q&%x%le@rBIBQi@&dﬁe:ﬁ?N;‘ﬂrQ AR 1B PiRinir{Ehgth,

polypeptide sequence designated herein as NBN101, which
the et Buaan RSN ReNATRLIYE FANYRAY KERFIYS P hature
neublastin polypeptide, e.g., amino acids 40-140 of SEQ ID NO. 10. (xiii)

the 100AA pol tide s ce desi erein i }

T R e e Al

plpoipiemitethdmegseiindhrastiads sod raprysiianectivisioveriyithe

—RRA 1%%@%@@%2&1@4&@@;@%5@9@4@9\%9%@; Nlabtﬁsw\yhicr;)l _
ossesses the carboxy termin ino acids of g Jeublastin

- Fﬂ%ﬂﬁ@‘é‘: 858. ,'erﬁ'?rﬁo@g[}’g{)fﬁ%lﬁ{g%gff{? ?é)eﬁl(ﬁ %%530 set forth as

—SERABRNooRBERItIB ui@ersdtodmhdiateth&1@dAcdBAoimsNi.nddbdkeireafter

1q§%)ﬁe)d herein (e.g., the 112AA through 99AA forms) have neurotrophic
activity.'n most preferred embodiments, the truncated neublastin

~PBipHBpeidE RERLDYIQaT GRPHES MPUS 1480, 103 aa, 104 aa, 105 aa,
ARG AR, 167 SEQIONG, 0Pt mafldelideAA)11 as or 112 as carboxy

inal ami ids of blasti idan(ic.
-8 TS A BB oM St 0 e 0
mNBN BTN AN 2O SEIN MO, AGNDdovNENeteInghR ENfysesidues
CHESRESHMRIF & BREUBREF AT MeoTiesF fpprkiipBreamayise and rat

neublastin polypeptides as the carboxy terminal 99 aa, 100 aa, 101 aa,
102 aa, 103 aa, 104 aa, 105 aa, 106 aa, 15 107 aa, 108 aa, 109 aa, 110
Intend. dinbsdimani? the, pesfperetivesyblasit Qolypefdidelcenteins?(SEMesk gyRisines

c gé?\%%da?ﬁﬁ%@elslﬁf N’épq@t[%g &%%Fgm@%?r@'mﬁtmﬁr@a fHEEH® These
loactive truncated neublastin polypeptides"”) as they have bee&ﬁﬁg&a-{gm
|

SRR EPREINRE PUSIPHFORRSIE YRS . KRVl R e TRENSHRS
tHieauifesmisidpieactiviviniae lisiedto(oontstipitited, abgeinesE@tiDtNe NBXetween

monomeric. polypeptide. .20, Tru forms R
O TROATE e Lo St T a by bencil o T Qe difide
bes {cotenplated, @B, MOBEEOE) N3, 10etugen gysteite residupso! 07r307).
i R RN et S5 @ sty
consist of the C-termin , , ] ; ; :
SRR TS 1117 T AT SORR B S ks g o o+ Fiotins

1993,17: 176-192.

Preferably the neublastin polypeptide is one of the mature forms of the wild type
protein. It is presently believed that the absence-of the pro-region is important for

high secretion levels in genétically modified mammalian cells.

Neublastin polypeptides useful in the present invention also include truncated forms
of the full-length neublastin molecule. In such truncated molecules, one or more
amino acids have been deleted from the N-terminus or the C-terminus, preferably the
N-terminus. The truncated neubléstin polypeptide may be obtained by providing a
mature neublastin polypeptide and contacting the mature neublastin polypeptide with

.at least one protease under conditions sufficient to produce the truncated neublastin

polypeptide. Preferably, at least one protease is an exoprotease, and contacting the
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Thus, the invention encompasses a neublastin polypeptide selected from

the group consisting of mature NBN selected from neublastin having_a

sequence identified as amino acids 1-140 of SEQ ID No 10, or amino

acids 1-144 of SEQ ID No 11 or 12,80 SEQ ID No 13, 14, 15, 16, 17 or
medrN-tewhinsily polypeniidelBsulisutatEdmeEsiRn oif Autexeaeniigase neublastin
pOW BRI RELRE DN Pt BB AT EHH S RN SIS draith B EiPEPHBY! peptidase.

consisting of neublastin having a sequence jdentified by SEQ ID, No, 13
Vi TR HGSGPTOI) 16, BT A S AL BT D BRRtEY the ex
pieaisioredeirtans thé¢hgrooupcateddistimgraf Meddemio fillyhten poatessingublastin

with the 106, 104, 102 or 99 C-termi 35 nal amino acids of SEQ ID NO 10

or a neublastin polypeptide selected from the group consisting of the 116
TeetEHnrRiedmpb/aslins RAvrARlesiftadbpd tRereitarreiasabih IdHmME Poly-
péﬂﬂé}l @,teaugm@g mmmaaamdé&é@fhaé@mm%}awm;c iaOresiglsesf dunzmanedlin the

neublastin, and the 116 C-terminal amipo acids 19| u t]
AR Qe 0y SRR R G i e L R B KRR -
lastim pelypénide putudespridieasintzenitiy d oy detminalcammire Seids Iof ature
125NEBN NDIRASHSSEN IR InYe ke afserirddderitesmMeBl the truncated

polypeptides that have an amino acigﬁ? uence with substantjal similari
neytRsiRp Y RERIAS INGLIARE R S5, Ui att PR FHENREL 3, AR o ma-
tupelypepiderseBRorth above. Preferably, the neublastin polypeptide used

has at least 70%, more preferably 85%, still. more pref- erably 90%, or still

further preferably 95% identity or similarity to the mature peptide 10 of the
Onedmiasatep dypupaiEesseRF anneadigsitomig freiita dbglerkorf the seven
cpftREstisidnel Beptigers sRdiblastat IEastXspintarity anikeatysashe to 97

érgqoﬁ&t es of the neublastin polypeptides in SEQ ID No. 10-23. The
Oﬂéaé Ich a candidate polypeptide shares homology with a

neublastin 15 polypeptide of the invention is determined as the degree of
OHBIREREAES IS VY NS W SSEUL RIMRRACIIEe FHRRS e ExAniEs lovahebe in-
sequence identity indicates likelihood that the first sequence is derived
ckIEFh the second sequence. Amino acid sequence identity requires
identi¢ialtaent2/20 poiybsptide reesdreievdenignatadideeeisegulBdbd 12, which
pd: ‘é%s%s‘?%dé%%?@%ﬂ% ‘FH‘%M&J QYR BINPASHGORAYW N Rlypeptide,

reference sequence, requires that, following alignment, 70% of the amino
edkidninerrcigRAdte PedaIEN{e 18entical to the corresponding amino
acids in the reference sequence. Identity is determined by computer

analysis, such, as, without limitations, the ClustalX c r ali 25 .
A e LR E e e N
pOESesTeretielastaxwrrdung iHiédaieo feids|efararelyiesiiagiiiprelypeptide,

egqg@mﬂ@g@ﬁ@m@ygu@m @nalysis tools"; Nucleic Acids Res.
97, 25 (24): 4876-82), and the default parameters suggested therein.

Using this program, the mature part of a polypeptide
(iii) the 110 AA polypeptide sequence designated herein as NBN110, which

possesses the carboxy terminal 110 amino acids of a mature neublastin polypeptide,
e.g., amino acids 31-140 of SEQ ID NO. 10.

(iv) the 109 AA polypeptide sequence designated herein as NBN109, which
possesses the carboxy terminal 109 amino acids of a mature neublastin polypeptide,
e.g., amino acids 32-140 of SEQ ID NO. 10.
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encoded by an analogous DNA sequence of the invention exhibits a

degree of iden 30 tity of at least 70%, more preferably 85%, still more
preferably 90%, or still further preferably 95%, most preferably at least

99% with the amino acid sequences pte- sented herein as SEQ ID NO: 10
(humatYNBI)1 GRS mixeSide] wudarréodsignM@&NIe8SrOaseNBN 108, which
rRleaRRLROIB SR AUTB 3R iRG Qm@%%%?é‘?@%%@&%%‘e tide
de- scribed in N (i an et al.. J. Mol. Biol. 48: 443 (1970), and the |gﬁ ’
eFQb@’EM?gcﬁj&rﬁ% ;é:ﬂ S é\'ﬁa&&ge produced by DNAstar, Inc. the

teachings of which are 22 .incorporated by reference herein. Once the

align tREMEE N idat reference sequence is .
refinen(g,@@l tnesrcent holﬂrﬁéﬁgggf@?o%ﬁ“%%%uﬁgéﬁ%% iﬁ&‘?\'}i’dﬁé}mﬁrﬁn » Which
PRSRESBPS HihcaukpieHeEainglcHM paréne axsidfeplialpatt rengastintsitypeptide,
estmidaninotackiciotaerobsBimiBmMy fagors include similar size, shape and
electrical charge. One particularly preferred method of determining amino
acid similarities is the PAM250 matrix de- scribed in Dayhoff at al., Atlas of
proteifvBetigeHé@ dnaclynesniide 346852 TRERSatSd Mersimasr IBRAS byhich
pjesessethe @imbdySiBMaARLY s68 s imdrstiaalcuairgas W&JE}(%%H%S@@%ﬁde
aligned pairwis no acid similarity scores. Insertions and deletions ar ’
er&nﬁ’@&“f’o?‘iwlé %&?%%8?%8&&&9'h%ology and identity. Accordingly,

gap penal- ties are not used in this calculation. The raw score is then

e e e RS DS R, wren

PRBTFS PRI SarPRYYfeBRIHId MRcuine Aridseliaenaiutanewdlpsidpsiyieptide,

ethesenieotriisIse 120/ SERID AW S¢ore is the percent homology. As
noted above, the neublastin polypeptides of the invention include variant

polypep- 20 tides. In the context of this invention, the term "variant
_ polypéistitiee iH4ddesalypentidsepriaies (e piotignyteal regaim asNBNIOE, which
sesueRReaHb_LAERYS: i i
"D NO. 10 JB% e:%%' émémé?%%@r@gfﬁﬁ%ﬁ%@%ﬁ)mz%@@é%ﬁgf%t'de
e FARH I S 0 PR TG e A5seRdD BacAo)
variant polypeptides include the modified polypeptides described above,
as w ervati ituti lice variants, isofor ,
ool o e S R eV i
PRSESERRT 108 58EroxY R RNt 08 ina asisle Stisemejsieeaenbiastin anlypeptide,

e amimissistiesRiedyneB0ap Riologically similar, residue. Typically,
biological 30 similarity, as referred to above, reflects substitutions on the

wild type sequence with conserved amino acids.
(xi) the 102AA polypeptide sequence designated herein as NBN 102, which

possesses the carboxy terminal 102 amino acids of a mature neublastin polypeptide,
e.g., amino acids 39-140 of SEQ ID NO. 10.

(xif) the 101AA polypeptide sequence designated herein as NBN101, which
possesses the carboxy terminal 101 amino acids of a mature neublastin polypeptide,
e.g., amino acids 40-140 of SEQ ID NO. 10.

(xiif) the T00AA polypeptide sequence designated herein as NBN100, which
possesses the carboxy terminal 100 amino acids of a mature neublastin polypeptide,
e.g., amino acids 41-140 of SEQ ID NO. 10.
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Substitutes for an amino acid within the sequence of the neublastin

polypeptide may be selected from other members of the class to which

the amino acid belongs (see 35 Table 1). Furthermore, various amino

acids are commonly substituted witlheutral amino acids, e.g., alanine,

leucingivistheugtre) aiines piddiresqoleany | diesignafady berejphas, MBY99, which

ioni ; ' :

o e R T A e e S i
e Sulrming GsiisAe-Mhpf BRIIBHO.f! %@'ﬁ%‘?&%ﬁ, sl Y tretBiastin

polypeptides of the in- vention must possess at least one activity of native

neublastin a scribed infra,in tion.C h lowing. -5
1G5 BBl R S b Rt e e R ol HRSIE fay the
T3AAGIMUEEAMSNTNyS ihare pEDPEIRNC RSy Ser, Ala Gin (Q) Asn Gl

I(G) Pro, Ala IEh? (H)IAsn, Gini Lys, Arg lle (I) Leu, Val, Met, Ala, Phe, Nor-

eucine Leu (L) Norleucine, lle, Val, Met, Ala, Lys (K) Arq, .

Iy OB SR U e R RFBISH AP PSRLCE o 1 99 22,
10(akdlel Mlaal WO Pea (R A e SE04 SpTheSAda, @36 a@ihd OT)Ber U8pagyr]| 09 aa,
1084 (YaaT8R 8 Thibaxs Al ARinlYebibe by FBR.re P QA Fliblastin

f
exanip_ e, one wou d expect conservative amino acid substitutions to have
patyreplidadictie NBNABNRN G ABREQ L NEAHRL AR B NRIN 1 2de NEN 105,
NEBR3I65aNBRY0 Df KIEN108, NBN109, NBN110, NBN111 or NBN112, respectively).

The sequences may also be found in the mouse and rat neublastin polypeptides as
the carboxy terminal 99 aa, 100 aa, 101 aa, 102 aa, 103 aa, 104 aa, 105 aa, 106 aa,
107 aa, 108 aa, 109 aa, 110 aa, 111 aa or 112 aa, respectively, in SEQ ID No. 11
and 12. These most preferred examples of truncated NBN forms are bioactive (re-
ferred to "bioactive truncated neublastin polypeptides”) as they have been demon-
strated to have neurotrophic activity. As stated above, NBN dimerfzation is required
for bioactivity, as little to no activity is observed with the NBN rﬁono’meric polypeptide.

Truncated forms of the mouse and rat neublastins are also contemplated. These may
consist of the C-terminal 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110,
111, 112, 113, 114, 115, or 116 amino acids of SEQ ID No 16 (mouse) or they may
consist of the C-terminal 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110,
111 or 112 amino acids of SEQ ID No 18 (rat).

Thus, the invention encompasses a neublastin polypeptidé selected from the group
consisting of mature NBN selected from neublastin having a sequence identified as
amino acids 1-140 of SEQ ID No 10, or amino acids 1-144 of SEQ ID No 11 or 12,
SEQ ID No 13, 14, 15, 16, 17 or 18, N-terminally truncated NBN, mutated NBN, or
mutated and N-truncated NBN, such as a mature NBN selected from the group
consisting of neublastin having a sequence identified by SEQ ID No 13, 14, 15, 16,
16, 17, or 18), more particularly a neublastin polypeptide selected from the group
consisting of N-terminally truncated neublastin with the 106, 104, 102 or 99 C-termi-
nal amino acids of SEQ ID NO 10 or a neublastin polypeptide selected from the
group consisting of the 116 C-terminal amino acids of human neublastin, the 113 C-
terminal amino acids of human neublastin, the 104 C-terminal amino acids of human
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total number of residues in the polypeptide or protein. Preferably,
conservative amino 10 acid substitutions represent changes in less than

- 5% of the polypeptide or protein, most preferably less than 2% of the

polypeptide or protein. The neublasth polypeptide in one embodiment _

netbiaptisesndotie 18 ardieratidl sabinstiasidm of Swehrasnayklpginamineublastin
id SHBSHONS, SURH RS 1SR GBINGr asidh 15 RPRISHianTeuBIsktAS Oly-

poﬁ}@%@%nﬂ%@cﬁa substitutions e]sq?;ch as up to 5 amino acid substitutions.
pardiiecampIaNG Hih ERTIRRRPIESRIRIIEN Y- with human 11 3NBN,

most preferred conservative substitutions would represent fewer than

three aming acid, substitutions in the wi r ino:acidy -+
T TR DN E ALt v o
araiminacicibGudtRUMIEN snip@mHatsiaiadite o ifandisy ionBrRRBRHS #i8PTO, Pro,

mathelitfg dhnddeplacrmaatRMineIRsifsie BenfovriGab&Ude PexRraples the
of particularly conservative substltutt s include th§ su stiég%)ns% one

neyRiRsIm GORReRidE L RSONrsTAL eaT S (e iGRER RIET AR 8y L e pret-
eralsi§hd0%)ine stil thethertystifatioiyo? BHhe deottity rosrindaidly dadtirema@iucs peptide

oft %%%’5%“9%8&? CHRING, FREHSIHaNE! UMD IQbaspRIEFBRIAHE neublastin
glutamine a

or asp Ine, and the like. The term conservative substitutio

pamshigRieed st 18ps! SRR BB BRI RREPIAGH Of the

nélibiBehs Honee priestrasEaIBabresidae provided that anti- 10 bodies
raised to the substituted polypeptide also immunoreact with the
un-substituted polypeptide. Modifications of this primary amino acid .
Teeglegnee mayhiebut kapeideiaspolynentiseyehaiasshamaipg e ytiilafepeublastin
GRS SAPRIRSIRANS Hemesliiad sowisaEdelIRNady Bdedaitly be-

thus may be considered functional analogs of the parent proteins. Such
WRBRIHIABIROASY SEWENSERte, e.g. as by site-directed mutagenesis, or

they may occur spontaneously, and include splice variants, isoforms,

Aa@%%ij&ssf%a%R&Qqﬁeﬁﬁaﬁﬁiﬁ&cg{é@ RRUNFREPIHSSe §}é@@é%ﬂ§ﬂ@é‘?§ derived

0gs are also contemplated ac- cording to the invention, 20, . i
fraiy A esRcond eaHanam A RN GALi S HERPRUARINY, MiRkU'ERJeRLGE! amino
aSHQMRUERIEW HEIWLST Ao \Wigh& s squiintessatfusnaecaliditaterse@éence shar-

. Mays . e , ,
NG AR R0 0 A RRERIR SIS RS L Jpluin
allgBiERSPPG SRthRamino acids in the candidate sequence are identical to the

SRR HR YRS G GH SR FHRINGE GSSeShBRABRRHB LS BN by
AGALRSPPGSR Human

cRRRRIoR SERASY AT BB BB HRTeRE SRS CIRAR SIITBLIST RSpTmen

pfogam RRIAPESSRIBO GibsakiVky,Xlewniak F, Jeanmougin F, & Higgins DG: "The
ClustalX windows interface:; flexible strategies for multiple sequence alignment aided
by quality analysis tools"; Nucleic Acids Res. 1997, 25 (24): 4876-82), and the default
parameters suggested therein. Using this program, the mature part of a polypeptide
encoded by an analogous DNA sequence of the invention exhibits a degree of iden-
tity of at least 70%, more preferably 85%, still more preferably 90%, or still further
preferably 95%, most preferably at least 99% with the amino acid sequences pre-
sented herein as SEQ ID NO: 10 (human NBN), SEQ ID NOS: 11 and 12 (rodent
NBN).

Other alignmént tools are known, such as the dynamic programming algorithm de-
scribed in Needleman et al., J. Mol. Biol. 48: 443 (1970), and the Align Program, a
commercial software package produced by DNAstar, Inc. the teachings of which are
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Mouse PISQPCCRPTRYEAVSFMDVNSTWRTVDHLSATACGCLG Rat
PISQPCCRPTRYEAVSFMDVNSTWRTVDHLSATACGCLG Human
PVSQPCCRPTRYEAVSFMDVNSTWRTVDRLSATACGCLG 35 ... ., <
Substitutions are preferably conductéd at positions of non-conservancy
inoospleatadithy 'retestace 'hesin 0QDee ther cignstepb Selvestotnsupantigalie and

re?éf‘ecﬂg@ USHLUAH ¥ mAde MAdeRYREINa HEFSIANTRIdINE P EBREY I8 Eiidulated.
acid sequence may result in proteins, which do not retain th .tﬁglofglca(lj. ;
ToR Y SRR SR SRR ERIRRP A RSP SRR ALY BREoAing to
thepreinaaitpegatich piasein may interfere with the wild-type protein by
binding to, or otherwise sequestering regulating agents, such as upstream
5 or downstream components, that normally interact functionally with the
Siplgpyplastorsinehidesimiart piggathanemid @r‘é%’l’é’@'c@?ﬁ@ﬁpdf@dpar“w'a”y
prRESPENINGIRIReINYERIRMING dlpticaliyiadivadatats ief tiuraes0 matrix de-

neublastin are knowp from WO 021072826 (NsGene and Bi
SR RedEAH R e AR BRI RS S B 0 5 (98 &
SO@QG@Q‘Z:@p(cBMg@rb),{ esfpeniatyheretatdd similaifsheaersofitshepiayiatathas the

s@ﬁﬁ'gf%ﬁ,glé%aﬁgodﬁéi}(ﬁﬁér%rﬁ{%iae griflarfy k3 reb SRS MidMNCarkf d¥WERSRY are
the variant "neublastin polypeptide includes one or r_nor%of t%ﬁﬁl%mo acid

ignarrdifieidhe BETRERSE H PRI GREI? 10BN AEHG T Yn AR gerepenal-
tidbaiReAeinisedah puisitialzdidtionthe amino acid sequence of said variant

polypeptide, an amino acid other than arginine 15 at position 39 in the

amino acid sequence of said variant polypeptide, an amino acid other
Thearwirgtaliedsaiheosnomazesd Buidividingnt pyIfirpraelitmeramiihssferes
oPthe.dhanAsRIApBimatapasiHerSrrfseidivariratansiypepiideeilastin poly-

example to a lysine. residue, \%herein the dp?si]lig_‘rés % 5’&&9 q@o acéds are. o
PeRiABRrLBS PERTSES BN MRS PETpERIdE L5HBEREE o SESIDRG™
ndfndizedmatatedrisibapeydesithontelogy-20 as described above or

include the whole length of the mature protein (amino acids 1- 113 of SEQ

ID NO 14). Preferably the amino acid at position 14{_39_0r 6(%]3 al sinel
AeRaiod goRxasifiRanpeaatn RolReRHdeR Bldfiy BYPA'GREfI \iAgtRovper-
tifleEMItotHeCespaiatefi it anvexrtoas thentaon "&irizct, podytikptilebihdiides a poly-

Sisage olle SNl oS sug idaéegg;e%%@@fo%&%&?&nqﬁm\ms pep-

it Prediction to ne such pre ediction tool is the Sig-

tigkalpressinirsre sRaila5 IS ER tH: NRy 1! Syt Seffer 1, 22, or 23 (human NBN),

oS/ WS LR dodWsaryiGeHONER) 24/ bries prafeiebimihe acweositions.
version 3.0 30 avajlable from the same server .. .

S e e S e Y

aw/itoretenvativeesubstitetiobenwplive aiahisideefeonpdritrogues from other spe-

cies, and polymorphisms.

As defined herein, the term "conservative substitutions” denotes the replacement of
an amino acid residue by another, biologically similar, residue. Typically, biological
similarity, as referred to above, reflects substitutions on the wild type sequence with

conserved amino acids.

Substitutes for an amino acid within the sequence of the neublastin polypeptide may
be selected from other members of the class to which the amino acid belongs (see
Table 1). Furthermore, various amino acids are commonly substituted with neutral
amino acids, e.g., alanine, leucine, isoleucine, valine, proline, phenylalanine, trypto-
phan, and methionine. (See e.g. MacLennan et al., 1998, Acta Physiol. Scand.
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15

in your sequence: C-score (raw cleavage site score) 35 The output score
from networks trained to recognize cleavage sites vs. other se- quence
positions. Trained to be: 26 high at position +1 (immediately after the
cleavage site) low at all other positibhs. S-score (signal peptide score)

Stipr. obdBLAEB63rSaeaki st alo9tafivht Biortuegriad <idhdYlpiipteieupstitutions

afORTRANAL BERIKIBMAS AR DRIRBHdod Caln gLt psiioasibedase the in-
the cleavage site at 30 positions after the cleavage site and low in the .

QUG THEIPPRRRS. ShArBR I ARG I SEBYE (BB IS SRosTReg e in

seensr)h Idegmedietiiiaiinptatdge site location is optimized by observing
where the C-score is high and the S-score changes from a high to a low
value. The Y-score formalizes this by combining the height of the C-score
with the stBégfmahe S-score. Specifiwfﬂéf){(-score is a geometric
average heReigHake C-score and 4 sty erivative of the $-score
(Le., the ifdadAde between the me) Mab kedrlever d 10 positions before
and d po it Rkter the ¢ irrent pog i{i-Mﬁ’ gmnéé@ varieswith-the lchosen

network enééﬂa@ﬂé)._AlLLhﬁee scores-28 averages-ef-five-networkyg trained
on differenﬁsﬁr(ﬁans of the—data— séx,a"h seguence-SignatP-wil report
the maxinate ahRa-Y-seores; AR .r."‘.élr"i% mean-S-scorebetween the
N-termin ' S T

-te _ . i‘tmal hese-valtes—areused to
distinguisi-Bety H 'lglﬁ-:tigélos&}é ptidesifyour se-
quence is Hl%@ucd tohaveasigna ES&’,’“VEI’,’ N,Ig{:c’jg”vlagg NS
predicted fo be’im- mediately before fag-pfsition with'the maximal
Y-score. Qg Ewicai Signal peplids, NjaRdecmading; S ¢ewWiRiRe Nigh at
position +{L, while 20 the S-score wilHpg high before the cleavage|site and
low theredfigg frQr comparison the pragjctigidiamine-batyaredtto the
predicted cleavage of the wildtype n&hh@sim signal peptide (cleavage
between amiap(Eids no 39 and 40 pkeprd2pegIBN). 25 Preferred
neublastinsPiee(fose which have a|dredidfet kteAleadeybetween the signal
peptide andPthéMeublastin in either tWdaSignalP-NN or the SignalB-HMM
program. [1¥8fd8)nclude but are nof [iAfieMa0GYBN113 _NBN106,

$a\a v " H ] 410l
11 DIUIIal }JU}JUUUD

NBN104, NBN{DP, and Ser
Trp (W) Tyr, Phe
Tyr (Y) Trp, Phe, Thr, Ser
Val (V) lle, Met, Leu, Phe, Ala, Nor-
leucine

For example, one would expect conservative amino acid substitutions to have little or
no effect on the biological activity, particularly if they represent less than 10% of the
total number of residues in the polypeptide or protein. Preferably, conservative amino
acid substitutions represent changes in less than 5% of the polypeptide or protein,
most preferably less than 2%: of the polypeptide or protein.

The neublastin polypeptide in one embodiment comprises up to 15 amino acid sub-
stitutions, such as up to 12 amino acid substitutions, such as up to 10 amino acid
substitutions, such as up to 8 amino acid substitutions, such as up to 5 amino acid
substitutions. For example, when calculated in accordance, e.g., with human
113NBN, most preferred conservative substitutions would represent fewer than three
amino acid substitutions in the wild type mature amino acid sequence. In a particu-
larly preferred embodiment, there is a single amino acid substitution in the mature
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NBN99. Particularly preferred are neublastins which have a predicted

signal peptide at this position in both SignalP-NN and SignalP-HMM.

These include NBN113 and 30 NBN99. 27 The newer version (3.0) also

includes a new score D or Dmax (D&crimination score) that describes
sdgigmakpeptoztheds thhauisstiuied @doeplkeenent Ao fsids A Nesryclic.

ofif éf(@ﬂ‘fﬂl@@ RideNEhdhe SR ssbaRufoldSietu e E@stitution of
signal peptide used in the present invention exhibits a Dmax value of at thi
ONEAYHP c‘,‘hr§§'9¥:"Fef9§t%?BJE@CHUQ‘I@%'P@I.%%U%V%%’IL%&Tfé?rwmﬁ 10-
nithe sethastiztolinpegttictesettnteckiRefdoe rreshétesuishNig fens Uagiibtion of
Engelbrecht,. Soren Brun v iine; fication of g th
O s SR e e SEIE Y, AN SRS, Sha tne
likleavage sites. Protein Engineering, 10, 1-6 (1997). For the SignalP-HMM
out- put model: Henrik Nielsen and Anders Krogh: Prediction of signal
eptides and signal apchors by a hidden Markov model. In Proceedings _ .
T TR A S LRI 2 5 AR L B ARG S aci
ravidlecinapl@iolof il BMBLBH L] Parresd, avidmboatil Pesidueamfoyided gpat anti-
b&cﬁéé].rﬁ%é&%?%%e'E&B&%Y&Q&b%ﬂ}g&B_ﬂh%fé‘i%rﬁﬁﬁ%%%rvﬁiﬁ1@%%&0stituted
Jannick Dyrlev Bendtsen, Henrik Nielsen, Gunnar von Heijne and Soren
PeYpRBIdSMB (2004). Prediction of signal peptides and signal anchors by a
hidden Markov model. Henrik Nielsen and Anders Krogh. Proceedings of

4 N‘%‘%ﬁ%&?@@%ﬁéﬂg'pﬁﬁ%’ycﬁmﬁée%%%ﬁ i W&%q!ﬁ% TSRS RIGEHIAN have

ogy Press, Park, California, pp. 122-130,
suisgantiabravivalenirretimibyrRidsasrREathie tbenusmodilisd GanRigRA RAVPEP-

tidiglates t@lﬁl@%’aiﬁf 1 %E’%@?@fﬂa@ﬁl@fﬁiﬁﬂ %mﬁgf\tﬂrﬂi@npé’l%ﬁofp%&ains. Such
preparation of a medicament for the. treatment of a nervous system
LIPS I A SR BB oD RS B SPUACR oL Br they may
ocmvepsrigstansly; dhd tehids spliveuadgsteniseiemsiabomaaistiitom other
sﬁr&%@gﬁﬁjygﬁmerﬁtﬁ@%@)’B&@ﬁlqgmwgh%taigﬁgaé@ aBso3Eorinslated ac-
neurons and traumatized neurons. Peripheral nerves that experience

cordinade theiyenBof-are not limited to, nerves of the medulla or of the
spinal cord. Neublastin is useful in the treatment of CNS disorders, such

Agsaﬂ%rlllen%ﬁp 89SBeg?Eé‘f%f%'aeS\%‘ﬁwoea%rd&?FSWP{%}E]%%?'Fﬁ'iﬁé“%,HBO,FElE is shown
amage; neuropathy, e.g., peripheral neuropathy, Alzheimer's disease,
belawntington's disease, amyotrophic lateral sclerosis (ALS). 35 Neublastin

is further contemplated for use in the treatment of impaired memory, e.g.,
Cmemory impairment %slsgfi?;gd Vé/ithedeégeggg. %?n Il\llgublastin is also

kG a%é?gﬁeﬁ‘tlc candidate for {lreating [:C)Jerlp?heral neuropa-

% %
Mouse GCRLRSQLVPVSALGLGHSSDELIRFRFCSGSCRRARSQHDLSLASLLGAGALRSPPGSR
Rat GCRLRSQLVPVSALGLGHSSDELIRFRFCSGSCRRARSPHDLSLASLLDAGALRSPPGSR
Human GCRLRSQLVPVRALGLGHRSDELVRFRFCSGSCRRARSPHDLSLASLLGAGALRPPPGSR
kkhhhrhdhxdt khrxiF ****:************************.*****.*****
%

Mouse PISQPCCRPTRYEAVSFMDVNSTWRTVDHLSATACGCLG
Rat PISQPCCRPTRYEAVSFMDVNSTWRTVDHLSATACGCLG
Human PVSQPCCRPTRYEAVSFMDVNSTWRTVDRLSATACGCLG

*-**************************:**********

Substitutions are preferably conducted at positions of non-conservancy marked with

Jou 9

“no star”, “.” or

0,9

Other preferred positions for substitution are denoted with “%".
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thies, such as neuropathic pain in a mammal. The neuropathic pain may
be associ- ated with toxin-induced nerve damage, pathogen-induced
nerve damage, trauma- induced nerve damage, drug-induced nerve
damage, idiopathic neuropathy, diaBétic 5 neuropathy,
Minriéanem atiodifinaliarstai dheepiiaraagamitnacifosrapansansy. 1eeubiaspreteins,
whidh AshBerbesd ke %ﬁﬂ@@ga‘i’%féﬂbﬁxaéfnﬂér%?ﬁhv profeMaminalinggominant
e the

peripheral neuropathy may include roup consisting of . .
eB TR el BRI, VPR R GRAE hAURSJEIRTIELS With the wilc-type
p,fgmmbyhﬁr@mginﬁtmeﬂhwuismsﬁlqimt&ukigﬂe@nla’éu@r@%ipaﬂhkﬁ upstream

rug-induced neur les., Mitamin-gefici i s, ; :

o A B e P epide
SuohgrusinansRIatuaieEM B A SpRPMPIHRY asirydiea indagdnyration.
disclosed in WO 02/078730 (Biogen). Preferably, Neublastin is used for

treating a disorder selected from the gr .consisting. of peri I
BRI E CHE B e e, REAENESlozig72620
(NsGtsierpricBioyemalxyncaiedigig auiatet noihiesiamaolecopaisaiso known

rOCAIE R IGsB08P (BI6HEH, BE8pslHME M RhiEe H@MGM Bémprising an amino
neurodegenerative disease to be treated is Parki 's djsease., .

oA SRS R ATABRECR (1 Of SBOITING: R (g priant

n8GHRbaA pdipseptids Balobeat ahd 89 Endewrdihe2inltol 29d -AB8BHjuiidns selected

VECIOIS, caps j t i i
R T s e s ve

amiaoursidoeeayenesaBibsaig Matamh RONRERIIdBaR ASHRERARPReLIaRRfginine
al RGP IRERI MRS adfl EeqiisiRi & saanRalao polypeplidel eer arthitd hcid

223 966 Biopharm). N tem d . d .
o PR EFAEIS BHREILE Tt SR SO TR ULl s e oter

tremaspecighe eqlosiio@smicriorvasnl thekeeptecialymeRiodo a ysine
AROUNLALIER RIREDSGEHEICR CRMBARIHA2iat i iNYiaBERY ROt6Rdance with

provided are stereotaxic coordinates for the portion%ﬁf the brain t

. b
heaPRYRRIEP (SEGHATIER A oK b IaNGBIAR: kB GFIER daLE ey B unceted
abTadder 28 A B ndlUME A EORSAN oINS BRIG&pBRNIKamino acids 1-

LA TERAL METRALPOSTAFIR f BECIONAMENAION INENS ke,

.010-1.02.0to-1.0 Gpi 0.5t02.0 0.5 to
-0.70.7t02.0 SNr0.5t01.5-0.6t0 -1.5 0.7 to -0.7 10 STN 0.5 t0 2.0 0.0

cleatdy0 Sriighd) puphiid 510 2.50.0t0-1.20.5t0 1.6

Before decidihg on a specific neublastin form to incorporate into an expression con-
struct, the likelihood of cleavage of the signal peptide, such as Igsp can be checked
using state of the art prediction tools. One such preferred prediction tool is the Sig-
nalP software available at the SignalP Www server
(http://www.cbs.dtu.dk/services/SignalP-2.0/), or preferably, the newer version 3.0
available from the same server (http://www.cbs.dtu.dk/services/SignalP-3.0/).

The SignalP WWW server will return three scores between 0 and 1 for each position
in your sequence:

C-score (raw cleavage site score)

The output score from networks trained to recognize cleavage sites vs. other se-

quence positions. Trained to be:
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Striatum:0.5t0 2.0 1.5t0 3.0 1.5t0 3.0 caudate 1.2t03.31.5t0-1.02.5
to -1.2 putamen 15 In the foregoing table: the medial-lateral dimensions
are relative to midline of the brain; the anterior-posterior dimensions are
relative to the midpoint between theXinte- rior commissure and posterior
comimighuat poithiore g At{irenedicdelvigfies thosteavagh siteection; the

dors%werg{adlnqgmgpﬁggﬂ%ﬁgg relative to a line connecting the midpoints
of the anterior and posterior commissures with negative being ventral to

S-sedardifrigeml RERTERSIGASAIe in centimeters; and Gpe means external
TIRSIMBIE SESHOBIEFPR IR (BiiiBRADS BXssRRESagMRE Pepligohyisnon-signal-

pallidus; Snr means substantia nigra pars re- ticulata; STN means-
pegiiskhaREHRNAUEBISINBRPmeans nucleus basalis of meynert; 25 and
caudpighmaansposiidatcbataretise bisteagdeodita vivo transduction, nervous’

system disaq 65 San be tgﬁg#e%gycfé%og%gl i%('io an individual in need
y

: I0NS
thergglyi. a ther peuﬁpall effective amount of the transduced or
transfecteihdbiid\eierBnalsraimprosarEsiane RERISINSY ii. an implantable

YIR¥IGE CoOmRHsingdrRageuredesnnsiected cells. Preferably the

transplantation comprises cells or implantable devices. 35 Sajd
T PESIHERIBh HRRYAS SR ARCRHORL RGBSV I00 A, C-sore
is (FAGIS BIANthe TR oone SRaRiRY aoaplanigh asgeidhiswalas. fihd Neatuentooializes

Neurodegenerative Disorders in the Cen Nervou stem 40 An
thfﬁ%ﬁ%’ﬂ%ﬂﬂ?%ﬁ@%ﬂ%ﬂ% E[é?e%ﬁ?ﬁ’ rgfvg%ﬁhgb (equré;fe ﬁgﬁg?[&'region of
Stieeifiosiy) ibhesetion iordtgeotaditcl avsiageshrinees theneierrepiig a smoot-
hdBGiRIRafiatasting of 308N e AnbRADISYRLY fRliNRINORHBReRer d

unit of a gene t ergfy vector as herein described or by‘hm lantin naketg‘ th
pesilionsapelmandMPLaslionsiRjies the FUTRILRIS T, WIRIEE VENgS With the
cHS&IPREIWEIR R igsalbIEYSponsiveness to neurotrophic factors into

Affhidaog faclude Mhe ehaling! gl hasal RCRIALE SH' Bfrlie BAIBIELS te
ortical'neu-rons, the thifalamic neurons, the locus coeruleus neurons, the .
dafasinal sensory neurons and the spinal motor neurons. 10 An initial scan,

FSHER@S MRS SIyrERY it RSIER( Thethaikial BYesy Endetesatns, thed the

o e P e e A TR R s
arBhesed to distinguish between signal peptides and non-signal peptides. If your se-
quence is predicted to have a signal peptide, the cleavage site is predicted to be im-
mediately before the position with the maximal Y-score. '

For a typical signal peptide, the C- and Y-scores will be high at position +1, while
the S-score will be high before the cleavage site and low thereafter.

For comparison the prediction can be compared to the predicted cleavage of the
wildtype neublastin signal peptide (cleavage between amino acids no 39 and 40 of

pre-pro NBN).

Preferred neublastins are those which have a predicted cleavage between the signal
peptide and the neublastin in either the SignalP-NN or the SignalP-HMM program.
These include but are not limited to NBN113, NBN106, NBN104, NBN102, and
NBN99. Particularly preferred are neublastins which have a predicted signal peptide
at this position in both SignalP-NN and SignalP-HMM. These include NBN113 and
NBN99.
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affected areas of the brain will likely of a size such that selection of 5 or

fewer delivery sites will be sufficient for restoration of a clinically

significant number of 15 dopaminergic neurons. The same number of

delivery sites may apply outside the rain. For in vivo gene therapy,

TRlineReMayshsm $3Tpane orclagas By siesraarietiDangigDistendastion score)
mynistration_of gene th vector inttamuscularl bcutaneouysly, or,.

G RS o TS R B e B R e fon

uging saisi araiapgRiigstaitn Fher pretaiiviyaHestirstapy, specific in vivo gene

delivery sites are selected so as to cluster in an area of neuronal or

R R RO B

\biopsy drldastahissndnanehisast fbyisechrediagtd ot sedt EasIRB, with

4L BEnIRERFEESRGh<PhEE Kigag @f neuronal or terminal loss are identified,

delivery sites are selected for stereotaxic distribution so each unit dosage
of Neublastin is delivered into the brain or spinal cord at, or within 500 pm
Regereracéat ghtediclictven, ndacudy eEBQ divaecat) 086D rBnrietmaadotheihar von

ivery; si ithi N, ve ini
g A e S G AR o R e
thelyclsavaginiviiste rBeotditHengifeRing, the LbltePal SipacdeeapignalitheMM out-
@mh&@%ﬁﬁf@ﬁ%@&%@ﬂhﬂd&@@%ﬁ: ﬁr@@i&ﬂ&ﬂﬂ?@ﬁl%@%}émwal
neuropatnic n,t ene the yvectorma adaminl rea to an-
Eh Y & Lk VRN Trsel R R T STl o
remsg ioellrefelipent phiatesnsdien iinecaae GiblegmiMs{Rafon A fress, Menlo

FRIRDeimSHla 1 VeSHor 48 24BBYiSterse Bl PRI SR PBpRRISY Sig-
or_5 intraperijtoneally. In another embodiment, the vector or composition is

N7 BRI RIEFEeRRRR SIRPTIK, DYGE FHREFR e Higisafnd Seren

ByansiatidiviBl 128 Q1)r P reditiainoé sighiak peptiideso nodreigasltenciors by a hidden

VARYPISISIER MFRIDREANNOLAR KSR W&b?ggfsrd&eJmagt%ﬁnébg&wr@%%aﬁ-

the vector is administered to the brain, including the parenchyma, a
W@hﬁmé%ffen’f%&mmmai%ﬁ%mﬁef%'&'fai?%"aa%m?&éﬁb%M%@,MbPress,

Muo IPeHdTwlifdraiz] thpous2-s1Boreldeal space, and sub-tenar capsule.

Dosing Requirements and Delivery Protocol for in vivo gene therapy A
further important parameter is the dosage of neublastin to be delivered
Mediqakuse anehmetads abtspaimesdrd, "unit dosage” refers generally to

the concentration of neublastin/ml of neublastin composition. For viral
vectors th? eublasiin con- centration is(():!fe(ined q the ”“J?P\B%?ﬁé’%rn‘"\‘/'ention

I SRFASRRR BB RIS ipai, Of the vector accor

for the preparation of a medicament for the treatment of a nervous system disorder.
The nervous system disorder can be a disorder of the peripheral nervous system or

the central nervous system.

Neublastin is useful for treating a defect in a neuron, including without limitation le-
sioned neurons and traumatized neurons. Peripheral nerves that experience trauma
include, but are not limited to, nerves of the medulla or of the spinal cord. Neublastin
is useful in the treatment ofACNS disorders, such as a neurodegenerative disease,
e.g., cerebral ischaemic neuronal damage; neuropathy, e.g., peripheral neuropathy,
Alzheimer's disease, Huntington's disease, amyotrophic lateral sclerosis (ALS).
Neublastin is further contemplated for use in the treatment of impaired memory, e.g.,

memory impairment associated with dementia.
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Optimally, for delivery of neublastin using a viral expression vector, each

unit dosage of neublastin will comprise 2.5 to 25 pL of a neublastin
composition, wherein the 20 composition includes a viral expression

vector in a pharmaceutically acceptad¥e fluid and provides from 1010 up
Melnﬂﬁﬁimmumknmmmmﬁgedaaépmmda&qm iok dferaditng Ipleriitiveral neuropa-

tﬁf%"s“%%%%‘ lé]o %ﬂ?&ﬁiﬁrs R%ﬁtﬁ%ﬁr%é‘%%ﬁrfc%a"ﬂ‘a ’E%rﬁ%ﬁgt}'ﬁéeg SOCi-

virus. For entrvr ter iIs normally lower, such 108 to 101

' %ﬁ%ﬁt%ﬁbﬁﬁ’@j“ﬂﬂﬂ?@ﬁ?@r %WW%@W%ME@@M@%&?@I@ guma-

n?@&’dftﬁrm?v@k@é?rfrhﬁg‘é)rﬁﬁ@lﬂ@ﬂd@ddﬁﬁh@@dﬂ@@@@dﬁdﬂﬁtﬁ@h&ﬁ&pﬁtﬁyndbbetrc

tar sue b rorn ectio mfusr scrape loa &irn@é electr98or ion or
SURS Rfla on inguce or ne Iene n te]ublastrn
ans S irectly ver composr lon directly into

oaélrebq/ l@,ﬂemeédertl’fmjgrg epgupbﬁral Wﬂbﬁth@ demaannid. The peripheral
%mtye% AP Bh&RES fhakeLh&udEs ®ies, viral- -

on eto Ivo me of peublastin compasition to be elivered).
43?5&@" ﬁénrﬂt SITPLS YA Besh BRI SRe 1Ry Rrbifrgtmeuropa-
tmmIWWMnaumnathrmwmgmndGﬁmtmwmlﬁaeﬂ)nmetbtesj iditipathic
n\éﬂfb%ﬂ%éhSW&a&trW‘ﬁ&%ﬁQﬁ%E'%é%é&%W&& PRSI t@FQPet&r?’nent of

cells with the vector car 35 neublastin encoding transgene. In the
nekreRagHC Bélﬂléﬁf’%%r&@gﬁbefﬁé’ﬁ%ﬂﬂ”s‘ﬂ& %L PRg8MFusion

of secreted neublastin takes place over a controlled and 32

PR @Wm MUARAAEAORO[HE Bain g %P%”é‘zc?s%%é?céét"t& 4818 tne ogroup

neuron € minimizing contact with hon- targeted cells. Gene thera
coagigirg B ReARiegb Reyralby deduding ReHETBARISPGER ctRiNGlaterfhlingHTY.
st edst el ainatien doidhaasy bastaseetiiabenaiidaibedmbpatnssch
benefits include treatment or prophylaxis of a broad range of diseases,
disorders and other conditions. 10 Ex vivo gene therapy approaches
Aawmagntm ificativielefried | emtiasiienivieic thardntheticinfiise diegrafiegboerative

igedEansRiaN iR AR iBsHRAlRBE see RieBiflasih Fs RALWAES | increase sur-
4, 868 116, 5,399,346 and 5,460,959. In viva gene thera%%]seeks

viyih &y R e RaRaiS: Rerene AN S0/ R 0 iRfAens SHAlR PLEly &8 Neuron

2taesferigezjors include papovavirus, adenovirus, vaccinia virus,

adeno-associated virus, herpesvirus, and retroviruses. Suitable

retroviruses include the group consisting of HIV, SIV, FIV, EIAV, MOMLV.
TbfeYeRiREPy R4S %ﬁﬁ@ﬁ?ﬂ'ﬁi@o?&%@ Bfﬁtﬁ@“ﬁ&‘(ﬂ‘l@%f@@rﬁl%}@e used
fdentharusesmeditand aglenarmetatﬂ;bmwe&tﬁmﬂﬂ pipeembyiusescOrRi de-

mtega te info the ithout,cell divisi ns Fl both t have
ene AUCO (ceila elic ret no ath asfin ma % e used in the
been est In‘pre- (‘:Irnr animal s or |n Ica ons € nervous

trpdieent o g@tmr@r@uﬁd%én@talm\(ﬁﬁgs@&@ﬁ@ Biopharm).

Nervous system diseases may be treated by administering to an individual in need
thereof a therapeutically effective amount of the vector of the invention; or a thera-~
peutically effective amount of the pharmaceutical composition of the invention.

Also provided are stereotaxic coordinates for the portions of the brain to be trans-
duced to or into which to transplant naked or encapsulated cells (Table lI):
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Methods for preparation of AAV are described in the art, e.g. US
5,677,158. US 25 6,309,634 and US 6,683,058 describe examples of
delivery of AAV to the central nervous system. Special and preferred
types of retroviruses include the len&Viruses which can trans- duce a cell

- and integrate inftdBsE#nome without cell division. Thus preferably the 30
vector is a replication-defective lentivirus particle. Such a lentivivus
particle can bepraduced frmmsalentiviral vestoERDPRPrising a 5' lentiviral
LTRR2atRNALBITERAY site, JEFERKaging signe®SaFstRoter operably linked
to Bﬁ%%ucl%‘ﬁ%%@%al EREBHHTG™ a|d quWﬁF&@Tﬂ an origin of
se(éuuu strangt DNA symthesjs and a 3" entiirgl . TR.; Methods for
prqgﬁratlon and in yivo admanistration of lentivirusste neural cells are 35
desetibed in US 2602063728% (Methods fordtranseucing neural cells using
lengitital veclors):33 - Retrd?\flpalt\?ectbf% ardtife %Ctér@ most commonly
usé‘&”fn hum%n IlFﬁ’c | |als s ?j@?car CB b which is more than

i@gr VI vtecptgrg an(i sg,nq:g eyshave gh%@.blit_)é to infect cells and

ha}ﬁggﬁ@hgenetlc material stably integrated into the host cell with high
efficiency. See, e.g., WQ 95/30761; W0Q 95/24929._Qncovirinae require 5

at least one round of target cell proliferation for transfer and integration of

Ine%‘égfnd}‘é’é’&nﬁucﬁlﬂ@ Wﬁ@GMﬁMQ&IMﬁﬁB@SWQfeRQMM abvesdne of the
integrate randoml| g into the patlents wo cla sesqgretr vm[ﬁl

brauy e eHEUR POSIPHRS R YS ﬁ’roprlg ap%lctr? A

mouse ce
riceftioiantiysurachadpbetnpicaritissusn Witk iegatye findigajing Sigerogterior di-

relHEd: qﬁé?%?ﬁét@@ﬁt?&? WQHQ&]EE&%VP@!@M@ ihLCamiBiRficeals %ﬁ@m&’ﬂﬁnts

species t e species which produced the virus. Their ability

of e raiRriBh BN RO IGE CABMISTITER iy eaRle-Re R e iR Io {Areriddine; all
dipibiRatNe 08 Madingmeriidineruepémaaniel epimreat egmdigsobgtbbois pallidus;
dellverln therapeutic OI’S IC e C -
SRS S R AP IR A AR g Bars o

tiaklete; iS EN aneans IadrhalaaticanvsionsinNBM imsansRyiciess kasalisahmeynert
aRplisnistdhesSiEARI e HiasRmRUSt be replication defective. This prevents
further generation of infectious retroviral particles in the target tissue - in-
20 stead the replication defective vector becomes a "captive" transgene
Instabti oh doryivor atamsihidiitne terystiscygtanodiscayescedly beréphtedidty trans-
plgﬁ{ﬁ%]%e fﬁ%ﬂ?ﬁuﬁl%%d%re%@d pol genes have been deleted (along

with most of the rest of the viral ge- nome). Heterologous DNA is |e§aertI
i in prdaesprREtiselteiionie amnt Yl HitTaNRLISHY GErENRigS/sk colls ac-
cofafRy thiheaivsatiohiloe endogenous heterologous promoter, 25 another

.. heterolp moter actlve LTR (the

Nt A e gsqgsagsﬁ PRy Ll

ive In aiverse QISS ypically, retroviral vectors have a

nte-
S

transgene
Preferably the transplantation comprises cells or implantable devices.

Said transplantation may comprise an autologous transplant, an allogeneic transplant

or a xenogeneic transplant.

Target Tissues for Treatment of Neurodegenerative Disorders in the Central

Nervous system

An important parameter is the selection of a suitable target tissue. A region of the
brain is selected for its retained responsiveness to neurotrophic factors. Targeting of
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capacity of about 7-8 kb. Replication defective retroviral vectors require

provision of the viral proteins neces- 30 sary for replication and assembly

in trans, from, e.g., engineered packaging cell lines. It is important that

the packaging cells do not release réblication competent virus and/or
arhatparniayheT athirusthby nelbisive @ Ispeagraudiingl \Ararproteaianyoractor as
hdR e lREKIg theyvinigRRtiR HReeres Reai aRsnedigease iy e BBvin-

gene from sepa- rate transcriptional units. In addition, in some packaging
Vedﬂé'ﬂ"ﬂnes, the 5' LTR's have 35 been replaced with non-viral promoters

controlling expression of these genes and polyadenylation signals have .
InSSRaddedsd %%@?OHSW "Pé@&ﬂ%'%%ﬁ%&@éﬁ@gtxookéﬂrcﬁ?&&ﬂbl?ﬁ%% into

IeaH?ngSfo production of replication competent vectors, or helper vi- ruses.
adsiboedgnaluds: iharcheinergis paor) lRerbiaimarpRtadpiSienah cartippkneu-
rolY SRLQRAAHFHE hEalaIRS tReAduuel eiserdisLis oRsitbins, aheppinilcensunieieurons

acid 5 sequence encoding a neublastin polypeptide and a signal
and e RIReH A IS OB ptide and the neublastin polypeptide are as

described above. Accordingly, in some embodiments, the nucleic acid

ASRBHSENCRLRSE SPMHENSERORRIFIIREBITEADR teTpRinahecens Aiine
the pre pro neublastlnﬁé)l peptlde. In certain emboqlmentf,, the

nucleic
thgciresied deceidb Qlicihee THEIERh S UF tHeP L R i b i 0 s O?r?ﬂ%sons
dipeasa  peo bastlagtinlnlypeptohg. Stisstandieinmca) sequceanendysites. The
afreoy Ig?egsh8¥etrrloe|0$%7ﬁ Wﬂqﬁéeq}f AL I 5,3 oI DMBURHIS3S or fewer
seéquence, e.g., a rat albumin sighal sequence, and comprises the nucleic
deliieresiiesnvdl diessuffisismi doreessiaraiane nfosicalissigrificapieiumbe of
ddpaRTRSIEHChBDRRRS STRIRHIC o DM T SaN@pasieentryesppig titside the
albumin signal sequence. One exemplary embodiment is a nucleic acid
bidhstruct comprising SEQ ID NO: 69. In other embodiments, the nucleic
acid construct encodes a human growth hormone signal sequence. One
F %W@%&@WM?FB&\%WE{QF@CQS%}HﬁVWI&@mW%Q&&ﬁ@d@ivery is
O: 67. The human growth hormone signal sequence, 20 may comprise
ndeARAANISUB e O AR ARREAR RPN e HaigPoLsh. or
inbepstiteireaniainthichnudlieiccacid FequeticecostimteddopbXiesbiistininia the
.trcabrllgtféectedsg%st cell. Optimiza- tion of codon usage can be advantageous
CI{)y prchﬁxg InCreased polypeptide yield, 25 or improved efficiency of
transcription or translation. One exemplary embodiment of an optimized
FBH%@@@%@%ﬂ%wgp,oé&efiﬁewamm @ﬁ@td@ﬁﬂﬁm SR 4R NEle&8d Bues to
to the known degeneracy of the genetic cQde, wherein mare than. o
LB oA B3 WEP B e TG A SN Sa b et il
utireg shawmmbar SEKPODBEMOEUES, iBAUdingIRaaNstil EBrresgace imaging (MRI)

aﬁla'm%% jde, having e GRIESE0RdIRG R IRRGRTCseRas AT SERRPWII be
0S:'66, 68, or 70 respectively. Such varjiant DNA . . ,

preferred. Once areas of neuronal or terminal loss are identified, delivery sites are
selected for stereotaxic distribution so each unit dosage of Neublastin is delivered
into the brain or spinal cord at, or within 500 pm from, a targeted cell, and no more
than about 10 mm from another delivery site. Within the brain, gene therapy vector

may be administered to the parenchyma or the ventricles.

Within the eye, gene therapy vector may be administered to the vitreous, the

subretinal space and to the sub-tenar capsule.

For the treatment of peripheral neuropathy including neuropathic pain, the gene

therapy vector may be administered to an area of the body involved in transmission
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sequences can result from silent mutations (e.g. occurring during PCR

amplification), or can be the product of deliberate mutagenesis of a native

sequence, e.g., codon optimization. 35 The nucleic acid construct can be

a vector. Examples of suitable plasmld vectors include but are not limited
oftoppirR Béasafien, pEWRi/difed , iayitiogedeClrsbirin@ AFaY ¢, iptathgcal
aoqﬂﬂigpa%&@harmacia, Peapack, NJ). Other suitable vectors include viral

vectors (e.g. replication defective retroviruses, adenoviruses and adeno-

associated viruses), which serve equivalent functions. 5 Expression
INVEsE0Emb$BFASAID theeatetsriapdnthisteroddrdramoseulegyl atobgutaneously, or
iniegu?rcl)%gsl pFnr %trllv‘ta‘rlT\ér“erﬁ%% ﬁﬁ'ngﬁ? %Cb:é'&@r%q &l 8&58&%%ministered fo

R ?&secﬁ xamples of regu% ory sequences Include promoters, )

arerdreacefs, e dissly aialyedoin sipraglissienh @gRRibrysaiPgudicés third
R ERRsTbERD RERx B bSIRFOReA RSB MethindatheeaIN e, 38h3spinal

Regulataory sequences inclugde those which direct constijfutive expressi
o PR RSB o, BoC T LI ar e (D te
patisachympresel dheofahizictascloosi fitshsembedracnh {hin wsteiis irdstigistiered into
e RO RS DA LSRR larl Wl g A RESaBkE by

those skilled |

the art that the design of the ex 15 pression vector will
depend on such factors as the choice of the host cell to be transformed,
DG \Ré gliRsRIEIS eind Tstively Beotechlfod itheilibayeFtectbemapysion
vectors of the invention can be introduced into host cells to thereby
produce proteins or peptides. 20 Construction of vectors for recombinant
Aduphessiopatant uisleasiatesrisdarfasageyehneublantly iebe dsfivsiefdeio the

1SR ALSARY CRURRAERERI CuAR WhisgstorarisegunEslg-tiailre exptanttion of
10 one of ordinary skill in the art. For review, hoyever, thoge of ordinary . .
neyhiasin/ st (SRGRTHOMVEIMARS P, SR MATBCUIEY g%ning: R
cérethstiaideydéfiaeddly Geld@phiegdisitab padistesiolpfi ReurdRPhic SaEaRagjtion.
ogé?fﬁépgﬁm&w&w R ENPIERR AWK lSrEsBRIoVE sHRNEA¢H ligRiRRage

ues. For anaIyS|s to confirm correct sequences in vectors

ot aRyRaeti Mgt Amdares MayPhe NSRSt feraroRinaqtbergin the

chiepbsribRMridesessfi gapratitalyaitordd sgtmmaydsisalp cecbpigble fluid
antibioti(% re isr%an Q\I/Jvh?re

0 Bﬁpﬁg%ilgg?in?’ Mgﬁﬁﬂ'éstr%%H}ﬁqles per ml of neu-

aﬂ%ﬁg?glc &8 {roans1 uce ceﬂs are prepared, analysed by restriction and/or.
blestjneoerpbijiofoSachrhisle tifes metpariesIRlysdnsd, fof afqnaeRsRegigsvirus.
FRERntidrRI ImelfBils theman asvel Maxaras eforh (Rfefad®irransducing units

Enzymol 4 .
perr%l (T?J/On%] , c?esterrgi%’egi%%oaéscribed in Example 2.

The neublastin composition is delivered to each delivery cell site in the target tissue
by microinjection, infusion, scrape loading, electroporation or other means suitable to
directly deliver the composition directly into the delivery site fissue through a surgical
incision. The delivery is accomplished slowly, such as over a period of about 5-10
minutes (depending on the total volume of neublastin composition to be delivered).

Those of skill in the art will appreciate that the direct delivery method employed by
the invention obviates a limiting risk f_actor associated with in vivo gene therapy; to
wit, the potential for fransduction of non-targeted cells with the vector carrying the
neublastin encoding transgene. In the invention, delivery is direct and the delivery
sites are chosen so diffusion of secreted neublastin takes place over a controlled and
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the Sanger dideoxy method, or other suitable methods which will be

known to those 35 skilled in the art. 36 Size separation of cleaved

fragments is performed using conventional gel electropho- resis as

described, for example, by Maniatis3%t al. (Molecular Cloning, pp.
prétainddBR)idh BX resisioin deoptimizerapitgedvittiaraeiethistrangy while
iR AN EANMhBRY-RPERl, fgifies. Depending on the hostivector

system-utilized, any of a number of suitable transcription and translation

elements, including constitutive and inducible promoters, may be used in
GémR eeFapyivEcyesior. When cloning in mammalian cell systems,

promoters derived from the genome of mammalian cells (e.qg.

metallothionein pro 10 moter) or from mammalian viruses (e.g. the CMV
Broashyoane iberdpy s0rks i teapriernewsigenetivapalisrialir the eefts of a patient

wit FOQIRRGIRY- RS UEE BN G IR TRiMshE el e peHufits aniRienielphent or

copies of expression grod ct, SV40-, BPV- and EB -gragoergdit\lloerg;tors may
PrRRNYERAS AR BFPAP H70BR A SRR RISSAR A I €280 8% a gene is
controlled at the transcription, translation or post-translation levels.
E{Kﬁ@osc !a[htéog@gr@['QBH%QEh%ermmcﬁiﬁbﬁ‘ﬂi@éfﬁﬂt Bt SRNRQXREASSARich are
his depends on the promoter and enhancer sequences and is |nfluen§egat

thep ipfeat sEaltRrlarratiBryBeatANERIANGAHNAdee RRURMNINCES: 1% U
NEanserpticmalbsubFamany Broskasmtin generenensstpyfthekptorintetly tar-
ases .enhancer or regulator 20 elements (Banerji et al., Cell

d in some .
9%3‘%5%%%558 Brden et al., Science 209: 1406 (1980); and Breathnach
and Chambon, Ann. Rev. Biochem. 50: 349 (1981)). For retroviruses,

VEQLE| glamenrts inelvsssierthe cripdoatirae ighsoleiipyy ahaemnsvies evaccinia

side in the long terminal repeat (LTR) (Weiss et al.. eds., lecular.
VBl PP RIS AR BE T RO i b UG iR ot Gvuses
intRidertieryro(ly Ca8ai)g Mid-2'%, IBh&yFilvl Ehé Ve Maddhid. virus (MLV) and

Rous sarcoma virus (RSV) LTRs contain promoter and enhancer

sequences (Jolly et al., Nucleic Acids Res. 11: 1855 (19831;? Capecchi et
Peaferied mitHase dpratieptinRahyRStisRAers Qi QBRI VeH R A 'ErEF%f?éW‘kf!ruses
2l Sd Sib-2890di8RdCaldsSpriBatir ey biabionatariem (Medragd Jnidtiher genome
otent promot- ers include those deri f layik :
T DR TRa o0 P tericbh creoar et o e L2 ot Sies
fonimdisetionmohtivraepietasisiemalieradisWariherairb S8 ToER YAt al.,
Nature 314: 285 (1985); Rossi and deCrombrugghe, Proc. Natl. Acad.

Sci. USA 84: 5590-5594 (1987)). Methods for maintaining and. i i
Weﬁﬁr@sﬂﬁwm&r@%n a%iggégﬁ%%%ﬂgrﬁﬁc u%'(%é tﬁ%'ug% (%Cé%ﬁ 5d. Us
63081632 raradlgli6GssbR)eedypios] ¢kampley (Prdelkaspyant AdVrirkiencentral
neEr'\}ug's%?gm:gll: 376 (1984) 37 :

Special and preferied types of retroviruses include the lentiviruses which can trans-
duce a cell and integrate into its genome without cell division. Thus preferably the
vector is a replication-defective lentivirus particle. Such a lentivivus particle can be
produced from a lentiviral vector comprising a &' lentiviral LTR, a tRNA binding site, a
packaging signal, a promoter operably linked to a polynucleotide signal encoding
said fusion protein, an origin of second strand DNA synthesis and a 3’ lentiviral LTR.
Methods for preparation and in vivo administration of lentivirus to neural cells are
described in US 20020037281 (Methods for transducing neural cells using lentiviral

vectors).
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Smith and Niles, Biochem. 19: 1820 (1980) ; de Wet et al., J. Biol. Chem.,
258: 14385 (1983)), SV40 and LTR promoters. In mammalian host cells,
a number of viral based expression systems may be util- 5 ized. In cases
where an adenovirus is used as an &kpression vector, a coding se-
Retrevical meajobe digdteviectonsanionbedmsaalisiseastiorittiaas slinsa drals] since
th‘é%Qlﬁ%a 0.8 kNEHRICIDRBIBIBIANAIHPBHHLS (MflobsRMIBRESIAdIShey have
chimeric gene may then be inserted in the adenovirys gepom (ﬁSy in vitr
thgraRRy ST ERRSERIAN, TRAEBGH AEnE R mAlGEal TP S AR eRa e host
cEPRRREIER ffithgion Beer &3), WIOre5(3076 & &Q@sAHERNatNevisiBatrEuire
viable and capable of [RSSI ide in i
o T e S P A e 0 TR Secagpove
ntsteigargithrequsces dtitotes RAliPHe Reley(abreeleys Digokaie erndomlydo the
pallesNthoead. Sci. USA, 79:7415; Mackett et al., 1984, J. ViroL,
49:857; Panicali et al., 1982, Proc. Natl. Acad. Sci. USA, 79:4927). 15
According to one embodiment of the invention, the promoter is a
Teonsltissbsead etnatalr setisite chiroenbidan gresgiberistsifipoit, ughitean infect

el SiRIOmaie e bhoptere %'@ﬁ%@%%"&?&?g%%ﬁ%% A

thiibriaterinfdisderenaireni BlHr PRIt Gt iR SRID I ABRIPeRsAecies

tHanageitpadied rinigh Rlducdd the virak pTorioabiitiotdriviegratesgelyento the ge-

nex e“%)%scﬁ:{/'iqdir‘%1 0 c8 Q %%%Fn%gg“r%%%im@é’s bﬁt%%@é?dp%%ﬂaﬁ rltpellq}ﬁaéa?;fes in
?ransgene exﬁressmn. n- hancers can increase the transcriptional

detivpyneotadsiydiesandianviebenad therreeiic omeieagiegRn &3 cancers or

wnERelehREGeMsth ARdbES Pakichialf): dodtdl (D T) cERtraBxRMBles isystem,
the present invention coga%%%nl%fenhance.r se%q ences are used with the
K .

whsHia JeeTp R RIS 19 AU D, BRI R Sion. 1n addition, the

enhancer element found in SV40 viruses may be used to increase

FRNSESASSYErE Balfthtd Nise3R RN CRERPAHANG S 8 ARBIRISIBhIERBRRE This
pair repeat as described bﬁGruss et at., Proc. Natl. Acad, Sci. USA 78:

Prveninbrihearnsralion ChifsioHatyRbfaRIes 19475, BHIPEHSHIS - In-

siad Bﬁgeﬂlidgﬁdn/?é}%cﬁen&i&sr bedsidd @82l e tndrispearestable incorpo-
incorporate reference here r - i e

R o O BT Bt L%@Aﬁi‘?ﬁ\%%ﬁé’ﬁ%%%ﬂ% VA ges

eivseridalitenardiayelsesroAritiad (Monaatiter meshricleraRid Resviwl ge-

nBRAT. (1881310383 IBRAGEHRSEHBEERSHKLE EhtinsdeRadacirasRAde! Thithetero-
term stable expression usi cytoki eP Bo m?]éiulate Bgorqré%%rl gcéi&/sitypromoter
logays 8pRstoll %&ﬁé{;@%reﬂ% g&’ B e T S e ’

atreihsg érteioy oo agen@ef aativeLimfhpriatgsiees (Giiuhe aetinvisanbidetivethe
vﬁé?i%ﬁ?%ctgé: i$6$%7&(ﬂ§§%)5¥%i§|@!-f§tm§l NecforRGRte a transgene

capacity of about 7-8 kb.

Replication defective retroviral vectors require provision of the viral proteins neces-
sary for replication and assembly in trans, from, e.g., engineered packaging cell lines.
It is important that the packaging cells do not release replication competent virus
and/or helper virus. This has been achieved by expressing viral proteins from RNAs
lacking the v signal, and expressing the gag/pol genes and the env gene from sepa-
rate transcriptional units. In addition, in some packaging cell lines, the 5’ LTR's have
been replaced with non-viral promoters controlling expression of these genes and

polyadenylation signals have been added. These designs minimize the possibility of
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5 Sci., 580 : 233-244 (1990)); Seliger et al., J. Immunol. 141: 2138-2144
(1988) and Seliger et al., J. Virology 62: 619-621 (1988)). For example,
transforming growth factor (TOF), interleukin (IL)-1, and interferon (INF)
down regulate the expression of tratfsgenes driven by various promoters
resactbiasticiReddingotonprrdsitidactsrrepkiRyiemaontrtent yeeiitater aatper Vi

rudARY H6US g)dher§°F‘gplNSXEr@é§'?Mé@ﬂﬁﬁ@é\%‘él‘éﬁé@ﬂﬁi‘é@’eﬂw

promoter. cytokines that may prove useful include basic fibroblast
growth factor (bFGF) and epidermal growth factor (EGF). Collagen

Ty aRveitiowitartheroliaige e shanceicseddecws (Ol ¢a)ipcainalsorvs!eiseacid
s eSS AR08 AERC 0 e BHAP 8R 120 (i HPToBONdRIILTRe signal
¢ userbcr?sg tgoqg he \r}ggﬁo%sﬁ% 6%8[ )§ E nerateyln a?rgated brain 9

pemmmwathamgqb&aw\mép@mé@@w@ Cﬁ*Pﬁeai'aBYﬁ eI isyme
erﬁgsaﬂﬁéﬂf%lugﬂi@%l%@e@&dé@ﬁ@tmgd@é?me&a@%aae coryskifg of the 113 C
administered to the treated ho ediate er yector_com ion
tegaiRAL §PSRe % BhitR.BE Bfgfg%hlmsq]ﬂtﬁ 8%0 |r‘1/e ?ﬁgalateé%go#mems the
nunlatorgcréamnde$abeqwmmﬁlﬁim@sufpfbmégrb@ég@ﬁméh@ﬁdags of the pre
r%yﬁé(ﬂﬁpéyfﬂ Bip2Piiiso be administered to reduce the production of

mterferons WhICh downregulates LTR promoter and Coll (E)
promoter-enhancer, and reduces transgene expression. The vector may

Tk mpisie Avithesqeastisenaey sonipdscaadesiamiogoosdimdbpéptideresuch as an
ecomblnas rotein, a e W, 0
SR BRI o BT B T siics v
nCleiq_egid mﬂq&m‘éﬁ%@d&h INO 1165 e&b%@ﬁiﬁo@fﬁ%ﬂ%ﬁﬁﬁ@m&@rt@&m/ﬁmd
cotfEiMR %@\@dﬁl%"l Qﬂﬁao%ﬁﬁlﬁlﬁﬁﬁﬁﬁ[h@hgreeﬁaéﬁﬂw@ﬁe dortheatrlisin signal
Daewoo et al, Natur noo 29-933) or incor orau
o@?&?f@r‘?ﬁﬁ) aé%e. i )éen\véﬁécc%%struc% Pitick® arJS '@gEQ
u:Pam TR269-@me). mmgmamag thgeniecleic theide consitiveisenpodrs @ Uiman
E"%éﬁ%eto:g&ﬁ%? Swithete Loyt siies sk SHbeMIFALAICRE 48nucleic acid
9eu

lastin In the present case) often results in expression of the
coplisich SPEPHETRSr 355 NG A r b {uizg, fﬂ?@“&ﬁ‘&;}?%&%@%&?ﬂ“‘*”ce
miEedoelsie eiftkeention may also include a nucleic acid sequence 35
encoding a selectable marker that can be used to identify successfully
transformed host cells. Suitable selectable markers for use in cultured

Inreurspesiisnarahediernieofghee veatieBniberosidrinctd gangiushoanigins a
nGEIN%EI INBY SRR MRINexpR JeRIAle aTiensrieriaiesmaskeD pliayiza-

be an amplifiable selectabl rker. One ampli. fiable selec abl I
U8 R ERPYS O B TR P N REr 2 PO e v
ocPigforBitresisencara trenawsiptipnIB3rdnaletiotatDreayersplaugnyodiment of
:?% éd Additional selpeiARie Pk RiveAtRAGY S esHRVATSE 1D NO: 59.

mma 1an Cell Technology, 5 Butterworth Publishers, Stoneham, MA).
Suitable selectable markers can be chosen by any person skilled in the
DaE.- 1S ele Kiahum meykresanayf ies gisndiic eddatovtizechostore than one codon can

encode the same amino acid, a DNA sequence can vary from that shown in SEQ ID
NOS: 65, 67, or 69 and still encode a polypeptide having the corresponding amino
acid sequence of SEQ ID NOS: 66, 68, or 70 respectively. Such variant DNA
sequences can result from silent mutations (e.g. occurring during PCR amplification),
or can be the product of deliberate mutagenesis of a native sequence, e.g., codon

optimization.

The nucleic acid construct can be a vector. Examples of suitable plasmid vectors
include but are not limited to pFRT/lac Zeo, pFRT/dhfr-1, (Invitrogen, Carlsbad, CA)
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cell in the same vector as the neublastin pre sequence, or as part of a

separate vec- tor. The selectable marker and the neublastin sequence

may be under the control of different promoters or the same promoter, the

latter arrangement producing a dicis*10 tropic message. Constructs of this
PYPepBEMnawh i dthdnpediag Reapabiat NND. Qtfrr3saitaheeyeptossidiclude

VirC SR 4y R pistiieHS @GRV SaHoN Tk Alaa SRS gsHdahdeno-

facilitate purification:of the recombinantly produced neublastin

agRaGisastiMIEuISRANHNGE SEEYmERRIIBT: IRt RSimited to, vector pUR278

- (Ruther et al., 1983, EMBO J., 2:1791) in which the coding sequences of

the neublastin polypeptide described herein may be ligated into the vector
EIXI‘P Hame ﬁ%%gepﬁac z coding region so that a hybrid protein is produced;

pPGEX vectors may also be used to express the neublastin polypeptide

EViteRighiahinsenastindsiey ase tpnb)da8gUIBRsG $EatRINseaepuratllly linked
soluble and 20.$an easilél btgP %urified from cells %Y ialdso prtion
s 1ol

t
0 IR SIS 54T EEIBRY (?w%)ﬁ)rﬁflsgﬁlti Rafene pores%%lf:lg?g?yfrséeequences
inglutkzthpooraotins, \etiensént| urte chedyadsn girdion(tignalsin Judacteguteiory se-
qRERIRRSE T RERGERPI9N RIRlemRe il dRharRacisol aaaRets Rakyniar, 185:3.

eas?/ removal of the tag after purification. Other fusion tags are known in

ReulaianesgqusasemiBdugs tosraudhiing GrowtivtigSxpeession of a nucleo-
tithasmaseetivahiepamsoos Hosigeslis tretahystonbich diretielgstasion of the
o f ' \ e ‘ ’ ) .
oGRSl oo

querpesisibmill 3o snatrsiptrdkhyLiResE. skillesbie the @it ithatibr designiqb the ex-
priddilRORTR! WIIE BRRIRNSN MaEh Faeeiically tiharviecultigadyhost cell to be

bl ' includ il f nan- _
U S L RIRFURN RGPS AT IRSS BPOIEhGo| ae expression

" veciventt theciprepidervan lye difrodlyesth yhem bagy colisviegbeibhy pifedipenpagieins

oPlueHILs35 and injectable organic esters such as ethyl oleate. Aqueous
carriers include water, alcoholic/aqueous solutions, emulsions or
suspensions, including saline and buffered 40 media. Parenteral vehicles
Chettrdetiopcif necloleridersctmitinaRisgaes siextod seutestitrsevaadn the inven-
.sodium chlgride. | t inger ' il hj : _
D R an e o asC e S BB AR Y g oo
taipsb@niepation Rimjeref wdingse sidhintiielire. PrEJENMRIVESWRYEHHRpse Of
oRASHHY RRIMARRIFRIM B RIGFAIN MekES ctos 1N cartitiosieialS.aboratory
ntioxi%anés chelatin a%%nts ind &ngt% ¢S and the like. Further, a
@Ip gl 0$P8P9| Lt tﬂ%rﬁ%'é e r%a%/ je lyophilized using means
well known in the 10 art, for subsequent reconstitution and use according

Bﬁem,et Hg\ﬁ%ﬂ%e%oﬁl\_ SPVQIA SRR SlRRRURIAMEBRY 1SN RBy458@ ARG ligation
argeted gene delivery.

tech%iques.gFor analysisy to confirm correct sequences in vectors constructed, the
ligation mixtures may be used to transfect/transduce a host cell and successful ge-

netically altered cells may be selected by antibiotic resistance where appropriate.

Vectors from the transfected/transduced cells are prepared, analysed by restriction
and/or sequenced by, for example, the method of Messing, et al. (Nucleic Acids Res.,
9: 309-, 1981), the method of Maxam, et al. (Methods in Enzymology, 65: 499, 1980),

the Sanger dideoxy method, or other suitable methods which will be known to those

skilled in the art.
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MRY LBl IR EMRERTRS W

Colloidal dispersion systems include macromolecule complexes,

nanocapsules, mi- 15 crospheres, beads, and lipid-based systems

including oil-in-water emulsions, mi- celles, mixed micelles, and liposoms.

Liposomes are artificial membrane ¥8sicles which are useful as delivery
Sizelsefmsatiornitod cleavad Jiagmehtsdsheerfosnednsingtaenyeniipnrigelglectropho-
reWRSIGlER LY WBICLERIIE, 1BySIASHIERR) Bt (VBIBCERE ONARgUIRIE@3-134,

substantial percentage of an agueous buffer containing large macro
1988lecules. RNA, 20 DNA and intact virions can be encapsulated within

the aqueous interior and be deliv- ered to cells in a biologically active form
E ngé%%?;erl?ahﬁgﬁt% ﬂqup%ogg?mhg?g%%‘tic?rz rﬂégf %%i’]r?ﬂ%ﬂ%réﬂgth and speci-

, lIposomes have been used for delivery of operatively

ficiiepdiependisganethin hpsHyepiaist iR attizadl @éleP{r?oWr of Igsttable
tr&R8RRJRRYAN wifisisnswermisansincvealigeotbetialewinpishacmmseristnsers,

should be 25 present: (1 encagsulag&& of ther&‘enes encoding th

e
Ao 8Pnﬁlr%n i mammall 1) ell systems,
practivieys (@predeirenidhargesostaftabhinglian cella (ergetmsiilipthionein pro-

mgegzo&fﬁ% IRNaREReelinRss (BLdelyemeiiRpBrietis £oRYS 1gte pro-

esicle to the target cell cytoplasm at high efficiency; and (4) accurate -
MR- HECYRECBI MRS oh DK gRIBRISHF SRR B ARG 8pgprating cell lines
thaioteakmiguastipie 30H62,308]prddsionopnpdisitios\viaheBiPYsa@me EBV-based
usually a combination of p o] icu-
V%cl% r§p¥n‘3¥e-?rlé?l%%i\gﬁp]t%%é%%i%ﬁ%%r%?ﬁ%%ﬁ%@%éﬁaIIy in combination
with steroids, especially cholesterol. Other phospholipids or other lipids

ELprYsalsh Bedigesk fPchhedliarsitahehrinsiapsdsstriniiammasdereasbiation
n pH ionic_str'en?th, and the lziprgﬁence of divalent cations. 41 Exam rI\esrhis
0.

'%F\?pi?iéaﬂéﬁfr‘ﬂfim‘l RBESRN 1B A% G IR {ec%h%/s?%ért‘i&ﬁngo% S
depehdasopibs pinaticiég lsod rehphospseaitricks kg, ip idbsnaedybyeshesific cel-
iRIGSRRAUGYL: SThanalami he3RNiDgiRids, ¢RECRERSIHRHoRB NIt of many pro-

gangliosides. Particularly useful are diacylphosphatidylglycerols, where
kaRofiBig9nBReBPRYRIRIRS HEMrPMaAB AR SPB'BHRSTHRMARRS RoPauiator
elkfmdBicamarenitansl.argkis saturaged I8astratvésphesphol eitteen20fie1406
phosphatidylcholine, di itaviphosphatid | iste
R e ol "
refrpwiriae ke M dlereentmidvived indierseplinatiomrina dstmdel genome re-

ARG i8R lRyAliiISRISSHY yTRY (Pra8anke alorgas;sPRSifitolselisnsieiigy of
B RO N HECE VG B R 00 PRLCR ey s NG T o
laieed emoinef lkpksoriacginasd{bid)@ntb Bells shthermetiviniis-¢RGdhETRs contain
orIRIRE JRESHELEIRBNIC qonTRia: SinURQIdELCRRHIRFHRS. 13: 1855 (1983);
Capecchi et al., In : Enhancer and eukaryotic gene expression, Gulzman and Shenk,
eds., pp. 101-102, Cold Spring Harbor Laboratories (NY 1991). Other potent promot-
ers include those derived from cytomegalovirus (CMV) and other wild-type viral pro-

moters.

Promoter and enhancer regions of a number of non-viral promoters have also been

- described (Schmidt et al., Nature 314: 285 (1985); Rossi and deCrombrugghe, Proc.

Natl. Acad. Sci. USA 84: 5590-5594 (1987)). Methods for maintaining and increasing
expression of transgenes in quiescent cells include the use of promoters including
collagen type | (1 and 2) (Prockop and Kivirikko, N. Eng. J. Med. 311: 376 (1984) ;
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Active targeting, on the other hand, involves alteration of the liposome by

coupling the liposome to a specific ligand such as a monoclonal antibody,

sugar, glycolipid, or protein, or by changing the compaosition or size of the

liposome in order to achieve targetitig to organs and cell types other than
Sthithnatur NijeecBiodhgnsitd 8:0f 826a(i¥28Q)0; titen VWeicet iakack BicheChem., 258:
1 5 ?Q@?ﬁ%ﬁ%‘éﬁ%’ @Vﬁtﬁmrﬂb?é(rge modified inla.variety of ways. In

the case of'a liposomal targeted delivery system, lipid groups can be

incor- porated into the lipid bilayer of the liposome in order to maintain the
Inargaingikgansst tdilsstablensssosialicn batethexipessonasystayer . nvayibasutil-
_linki roups.can be used for joining the lipi ' efi .
'Zﬁgarp'(ﬁg. sﬁjrtwgre E%(g%p &0 \grajglil\sl;ery%%/s %r%ﬂi%%%gé%ﬁam%ﬁé%tét%dm Ose-
queachenebedigaies d0 a0ordpOSKiBS dransekalnyiessaiapaenatesl complex,
e OthCiRE iReiabRALIGERipS RS IagerReduB&E MIRSRAINRYRNYORe may then

Methods for encapsulation and trapsplantation, of such ceII%_ar  known in .
D SHESHoH PAPRCRAP AR AT P RS Y9 SR b (TP B o deRg &
apackagsegtztfdgiercab tideviodgevowia ddentiegainpirtioleE 3jravilb derstina re-
oSHhBpRHVRRGeAR I0iRRBRPRENG A GRS PNaINe ddBHISINGTRIERA Absts

parti- cles capable of transducing only dividing cells, transduction is )
(SeafigideParad&iriked HitteiRfalidfcbrath 8% Hefatuftodedligmatively,
thd etinilisd o DelmerbGrae bdhesapy déecwy CVMagiesitialollosgingdiwe Natl.

rofogol defi eJdnvention, dir elivery of aneublastin com-

e SR S RS S I BRI T 1002
PraciMitigAards SebibjeéiidRA%dgh a surgical incision (see, e.g.,

Capecchi, Cell, 22: 479-488 (1980)); electroporation (see, e.g., Andreason

and Evans, Biotechniques, 6: 650-660 (1988)); infusion, chemical .
AgERrRg AR ANG ATRdBEIh g it QR ?'eot@?eemmr (8.8 GsLbfye pro-
medéTiseidchudimc ibpagtmle bonsisirgnuénulfithiéntprgetoliss @MV ggmeter, JeT
pRimSlafER.Bolmal il 837 Nach FAERRSLIAfOD ALARIS RREAOTHIRlf

cell therapy Is based on the concept of isolating cells from the recipient

host's immune system by surrounding the cells with a semipermeable
Ekipapep afiieiutbieaspridsinéopeomplenstaticindeitistibe, ipet.Gff)eRapamycin-
in%/ggf(ieonﬂi)nclltjéjreﬁﬂ%device in which cells are encapsulated in an
|mmuno[|’sorfé?ory capsule. An "immunoisolatory capsule” means that the
capsule, upon implantation into a recipient host, minimizes the delete-

I IgYSiRIFEESLRINE SRR MEALRRISYRIRTBLENR toederbstarbsererephélsion, an
device. Cells are imm%noisol ted from th hcistﬁtiy (fnclosin them within £
NFRISAIAEUBERERY B USPLiRdaARE TS, G RO FEvhiraren. £
hdintsrapar acheasey et dransaripliiicoatelttivity not only of their native gene but also
of some foreign genes (Armelor,' Proc. Natl. Acad. Sci. USA 70: 2702 (1973)). For
example, in the present invention collagen enhancer sequences are used with the

collagen promoter 2 (I) to increase transgene expression. In addition, the enhancer
element found in SV40 viruses may be used fo increase fransgene expression. This
enhancer sequence consists of a 72 base pair repeat as described by Gruss et al.,
Proc. Natl. Acad. Sci. USA 78: 943 (1981); Benoist and Chambon, Nature 290: 304
(1981), and Fromm and Berg, J. Mol. Appl. Genetics, 1: 457 (1982), all of which are
incorporated by reference herein. This repeat sequence can increase the franscrip-
tion of many different viral and cellular genes when it is present in series with various
promoters (Moreau et al., Nucleic Acids Res. 9: 6047 (1981).
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contact between host and implanted tissues, eliminating antigen
recognition through direct presentation. The membranes used can also
be tailored to control the diffusion of molecules, such as antibody and
complement, based on their molecul$ weight (Lysaght et al., 56 J. Cell

TRinshenms. bPoekdb)nsotisn, ixlineadsdiotdahn tériSdaie(@99@psion using
c%ﬁ@%@%aﬁ%@&‘@?@ é?&%lgi‘%étiﬁvtﬁ”%‘é@& é&?c%‘?é@?ﬁ%%%@& heSbrted to

out immune rejection, either th or withoUt use o
mAdriaiv i preseionRigEensgens erertipatibié PhRifdrapmaiers (Chua
etigHabymtinie Tisouie ey Copiaips CrUS10BDRIESaSRERMCAIMAIIONIY. Acad.

ST R oD B B Rl el ey and

ve matrix or membrane
Seiiggneat 1mbt contiiriagw|&fs BdeHs? thdi9sshio Com pxaibielcatidnitariging growth

ruBicieiEo iﬁf%ﬁkiﬁﬂlﬁjlﬂ he FRsadrem(fetimenialdauRw alRaisBlession of

attack. Encapsulation hinders ele- ments of therlm une system from
URRSRAGR NI G TR B BIIBR (S 25 et R AR AT RERE rater (TNF)
anmdMGieldgstegiisie, Ehde rsemﬁmemgeelatblemmlremmioa@Ufensgenes driven
bQ‘S’ﬁM@?@P'M?%&iH&% HQ{%W%@&%\&%WN%HQ BLLMSISSbIfst growth

easlly diffu in 3

se 35 from the capsule into the surrounding host tissue. 4
fapter teffahilcapd eRidsHagI R fastectrifatible material. A

"biocompatible material” is a material that, after implantation in a host,

dges not elicit a detrimental host re- sponse. suffici result in the,
IR S A e R e QR TE T Eh A5 pe voed
teldnpreass dranEgensi cRXTRSAIIN DY AHEREFSSIRG| Aoy AR dimedRagspense to

tHargeciBP RAIE ey U afcReraRANANSIREIRE BRShSHBMHHRRRYNFIE s RHfrSne-
to small molecules, such

erme- abl s insulin, growth factors, and
PR AR ARSI A TRER 19 B dIRAS ASTAHSy e rample
dbiarosiizstinie, mete hel sdrénisidedd ddahedokbated dbghamtheliistels diethescior
cHRIPRIRHPAAL AN Bl N MREREENO GRITPARY Qg%dmﬁé@ﬁ‘%lﬁa’-té% inflam-
known, having various outer surface morphologies and other me 10
M aR P RAPSRHARIASS KM ATIBHERRYP R RSRIPAORP BRE Suis Ak DrclpReorin may.
aisyentiatniildteresinilasdocih dse pledadtad biyiReretote;natichadpatesgulates

SR U B OB Sy PR Y Sy

or U.S. Pat. No. 5,550,050, incorporated by refer- ence. Such capsules

TAdOMdR thayPasspasolMfirbsliiescas HiRntaaad aasneeWHihg for the Cre-
Subsiances while minimiziao (he delimenjal eliects, ol e NOSLIMMLNS Y ox-
3 M?s@o‘?{w‘%@ﬂeﬁ% Aﬁ)ﬁe%e@compa[ti le maﬁerlaymay IRallge gnPorary
peessouefithe seviirstinds dbmahdhtrsacbing Mreihexihaysemsupporesylts in
iRe_faLincLfSiesn Y iHaeracnBlCaly RiteEraiRRl uasR SaRfIGSHeRAL BiECre-

scaffolding, which is encapsulated by the permselective membrane. Th

e
"$aMBRERTS RN (Bl RGP R Alad BT SIS RRINA Y- 929-933) or by
invoeonafiag e enetecdingdledtesl rﬁcmmﬁirmgedup) Ftbesaisﬁmgavfsauml(@,li[mbdym J
E%ﬁtgﬂﬂ?yﬁ%%PﬂlXBf&&)ﬁ'{ﬁﬁeé)g%C%P%@I%cgmgﬁgyéeﬂethe virus con-
teraphthalate, nylon, o
struct together with the LoxP sites and a structural gene (a neublastin in the present
case) often results in expression of the structural gene for a period of approximately

five days.

Vectors used in methods of the invention may also include a nucleic acid sequence
encoding a selectable marker that can be used to identify éuccessfully transformed

" host cells. Suitable selectable markers for use in cultured mammailian cells include

genes that confer resistance to drugs, such as neomycin, hygromycin, and metho-
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polyamides, polyurethanes, polybutester, silk, cotton, chitin, carbon, or
biocompatible metals. Also, bonded fiber structures can be used for cell
implantation (U.S. Pat. No. 5,512,600, incorporated by reference).
Biodegradable polymers include tho¥e com 25 prised of poly(lactic acid)
trexXafte phify(leeltictablgl yoarieacidy Pé @A aanifiptiy gsleotabladidrikes LOaadmpli- -

AiRelr e halents, KR REBIGHS NAE RAEMAISS AP IBTIgRisHKaREKer is the

onto which transplanted cells may adhere (PCT International patent

Dij5itcabi $8mansen g1sb 58N sRo RS 36605y etk ratre) SHd R hRER495)-
AdihesnBRyelasaableIsestias s vascriaiegiedty PGl niematieliah peednTechnology,
sfRREIR IR RS S R lee RO DL RO I ERReh AU AR, B sen
core can be'compose ot AR immo ihzing matr rormed - from &
biaimo gersavhikillechinitheeiheSsirstmneongikease san by ifsgeyesd into the host
c&T%T%ﬁ@?ifQ?E%Mw r%gﬁﬁ?éiﬂﬂﬁﬁ%?gi{/&éﬂﬂﬂ?&C&llérBQFEdﬂégb%E?FMec-
a gel, supstantia ‘compo or waler,, arious polymers an olymer
iR AT R e RIS S, PR, e RipRE e comrol of
diﬁﬁemﬁra@ndrhedﬂaﬁn@gdm)ﬂqlmt(mcthdi@%ayt@gepmyhm@ucing a dicis-
wrBAY HRLISeRe S PRI | FRIRLI A EAPEINAMRYS IR HFNEDES. g. U.S. Pat. No.

po z%renes, poly 44 amides, cellulose acetates, cellulose nitrates,
4;76@ fones (including polyether sul- fones), polyphosphazenes,
polyacrylonitriles, poly(acrylonitrile/covinyl chloride), as well as

EQeFie‘é%Wne%eC{%%"Xsr% %30d mé@%'&%sotp%re?fvgﬁﬁéﬁrﬁ%r'y’at%‘i’s %ﬁréroé‘e” 109 that
sgmlpermea%e memprane IS a |ocompaﬁbesem|per eapie OﬁOW oer

favitiels pudinatisn of theerabparicaatiy PredHeed tguhigsiiiynpkyaeplide. Examples
in@il?e@,sﬁﬂ Q#Ao? -1i|¥ﬁtedcl}_{9$/e%t8§6lﬁ§é7@ lﬁsﬂé%%ﬁﬂ,, i@g@ﬁm@mﬁ:wgn
. rererence. € surrounding sejmj- per aple memprgne IS 1ormeq from a

B e GHRE ROTAPAE Sl EL RS DRRRRRUE o D SLP may
bé ByhcGatorth: SeRat ilNivarm® 661788, It pEatiagkbbipnretaiaicehybid protein

'Sﬁﬁﬁ%ﬁﬁﬁc%? @%%ﬁ%%%@%%ﬁ@ﬁ@ﬁf%ﬁﬁ%ﬂﬁ%“ﬁr%‘%%%%e"“de

WD PHEEIRe S BRSPS SRR TGP A REP SHBY AT Spble and

caelberily oktbarpradfreiredlineyaisogishng Mutesdomnelagaysrdsiesads followed
rectanqular,disk-shaped, patch- d, ovaid, stellat r erical. .
g R LR e B

(thexmdinsoufagher. XettsaieaseleriSroSnisrienceiassert (Ehapnasiad Peapack,
NCoRfighatignemiiendene iadedd: IuRticsadonathErusrRISIHES Aranéien in the

site of implantation, such as spherical capsules small enough to travel in
athé&cly Ht%ﬁ@%%%%@fé%%?&ﬁ%@ ?8ferred. Certain shapes, such

as rectangles, patches, disks, cylinders, and flat sheets offer greater 20

PREHGILBLISP R AL RER LS IgaRle ISy retrieval is desired. When

macrocapsules are used, preferably betweén 103 and 108 cells are
encapsu- lated, most preferably 105 to 107 cells are encapsulated in each
Tdendier . Des@gestayomposition for use in the invention, neublastin encoding ex-

pression viral vectors may be placed into a pharmaceutically acceptable suspension,

solution or emulsion. Suitable mediums include saline and liposomal preparations.

More specifically, pharmaceutically acceptable carriers may include sterile aqueous
of non-aqueous solutions, suspensions, and emulsions. Examples of nonagqueous
solvents are propylene glycol, polyethylene glycol, vegetable oils such as olive oil,
and injectable organic esters such as ethyl oleate. Aqueous carriers include water,
alcoholic/aqueous solutions, emulsions or suspensions, including saline and buffered
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be controlled by implanting a fewer or greater number of capsules,

preferably be- 25 tween 1 and 10 capsules per patient. The scaffolding

may be coated with extracellular matrix (ECM) molecules. Suitable

examples of extracellular matrix mof#¥cules include, for example, collagen,
madiéniRaranigfibrehaes inkhelseddterottiterideastildiony Ragelsaibxrose, dex-

trgé difiqd By traadingiydth, 39iRlAsMGeiradiatian tadmpart charge to

nhance adhesion of cells. Any suitable method of sealing the capsules
may be used, including the use of poly- mer adhesives or crimping,

IrkRadinsuan@ et Saaline. finiadit arutaayt Sepripiehely" ckealongaenetiodishers

(7R AsmBe. taad, a5 dererbed. 0 dn b e blo. 5,653,667, in- 35
corporated by reference. € encapsulated cell devices are implanted
according to known techniques. Many implantation sites are

prosiRmRIateshipbthe: daviaessandyapibasks phiaist yanHEe ol Besfple, antimi-

implantation sites Indléf?e" but are not limited to, the car%hrél ,EerI:ou?‘beZ )
cQRiEkinanAXAARG 1REARUNY LPTRL  pRILogres B R like, THEfss7a com
p§$itﬁﬁ1,&#@eﬂhtﬂaﬁiﬁ,mg%SmemdmmmmngmmmbMOwn in the
2l RIPERUQR. A0 4BE-RARBHS AL LEM TRy AR ffvbrigye (see, PCT

International patent application WO 97/34586, incorporated by reference),
the subretinal space, and the sub-tenar capsule. Within the brain, the

Ad®lisidalviRpdisidmplanadniajgspaencbyfa tigetod yend ditisefyor
systemic delivery, implantation may be intrarmuscular, subcutaneous, or
intra- 10 peritoneal. The ARPE-1 9 cell line is a superior platform cell line

Crlloidal afispession castemseindudévapcioniarsugycamplexesonaserareles, mi-
chidpReARS UiRIgS, CethhanaLsipliery eehR0INaaYinENIARRERO SallSRAdS mi-
hardy (i.e., the cell line is viable under stringent conﬂdﬁ%ﬁons, séJch as . |
oAl Rfh THRIEEe AR SRS 4yRRSGA AT A6 APEROIRDY. vesicles
wihiichre\iiefH 3 delisecpndidcisnetidiadyantidivac (it basreeemdulygidhatlarge

- i interest. ARPE- Y iyely long, lif
e A e ARBE Rt @

sebsianinlPeEeatRIGI0baNRRECYRBHITeT Aeniainng Lrge MRctRMRIpgies. RNA,
Dafficasdiomsaauansis ehooavihdaptotadBRREREPLRE sellsrlicihriedligitte deliv-

host immune reactipn. Moreover, ARPE-19 cells,ar n-t rgenic. o . 4.
ORI SRR, Foe i TFeriy Sl R IR sal, o
7d49&heth inddito s wanarBmafian sellse ipgremendRvreheen veraddergdelivery of

oBIRSEVRRALIE fiRl HHlR-6RAYYIRIPENR GRERt SREPASISKI¥IG NAGRBHTEr a lipo-
cells that secrete. a viral vector for infection of a target cell, wherein the
SO (BRI S GIaF DA SRS SRS VDR GO WG SRatafiSHEfics shouid be

present: (1) encapsulation of the genes encoding the neublastin at high efficiency
while not compromising their biological activity; (2) preferential and substantial bind-
ing to a target cell in comparison to non-target cells; (3) delivery of the aqueous con-
tents of the vesicle to the target cell cytoplasm at high efficiency; and '(4) accurate
and effective expression of genetic information (Mannino, et al., Biotechniques, 6:
682,1988).

The composition of the liposome is usually a combination of phospholipids, particu-
larly high-phase-transition-temperature phospholipids, usually in combination with
steroids, especially cholesterol. Other phospholipids or other !ipids may also be used.
The physical characteristics of liposomes depend on pH, ionic strength, and the

presence of divalent cations.
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jacket surrounding said core, said jacket comprising a permeable
biocompatible ma 30 terial, said material having a porosity selected to
permit passage of retroviral vectors of 100 nm diameter thereacross,
permitting release of said viral vectdtifrom said cap- sule. Preferably, the

Eganepheidiioady ossfipiriselpasoakixrtie gisckinginde phodmiatdyheon@ainds,

o o ; i . Ny
o738 S, 05 B AR S B
efhaceiamoecaphinaslinidsdesradrositesn g enetivsisleandaricaty g gefld are
dREs B kalls/igRlbsie s Gl anthd Tipigetimidde thiwasiand siavicesgaarbon at-

encapsulation of packaging cells-are disclosed in U 027,721 hereby ..
O RBEI A Pl SH IS LAY, 2as SRR R 6 RSt
idsoimsingtet segftivbdnpbatidyichatinge dipatinitopiithsobatisiytsiaslite Bod distearoyl-
pR&%%BHQ‘éhEM@WO“C cells may be transfected with a nucleic acid

construct' which encodes a recombinant neublastin polypeptide

operatively linked to a heterologous signal sequence. Methods of making
Thedieigetinig soisisttesicdrirbasiestifigdeiseditn theatomiial cisdameschanistic

known in the art., ( .. AUS . L Pr
R e e S R S R Al DA
ORI BREY iRk S bPRE Rk abtorgansliavrnecilitaiMeinnistia erRlingggn be dis-
ﬁh@gwﬁgb B85k 1@314 ﬁﬁéﬁ@ﬁgb@éé&?@%@m@eﬁﬁsﬁ\@dﬁm i Fdiliﬁ?@é,the

. For example, cells can be transfected using.electroporation, calcium

BRI STL L IERERr RSB 1 SeU 4 JEE s o erar Sem
(RES)ddiongans, whishr anslaimsétiseidabedpilasiesmammalian cell, e.g., a CHO

cell, a COS cell, a HeLa cell, or an NIH 3T3 cell. 20 The transformed host
cells are cultured in an appropriate growth medium and under conditions

Asiive tgeting seerie PisidIaetn pEN s RiRraak sfdbeaipaome b gayrling
tHeoipdseneeto Apapiiofigatel guetviisaendnocisralnatihodycengainigigcolipid, or
pIOIEIENGS ) e%H%@&rLSrrtﬁéec%rr% cEQitPJn‘?‘BP%123“5?'%%5%@8%‘%%06&%“ BUHeve

may include a 25°catbon sou ce, a nitrogen source, essential amino acids,
targatingdo migans|grthacl e eiab aoheonzialy Osradiacaitee sHitaealiza-
tiggVvine calf serum or fetal calf serum. The growth medium can be

designed to select for cells containing the nucleic acid construct. This can

be done, for example, by drug selection or deficiency in an essential
Thatserfavehigitlie dergptechgareddsfivery sykiemblaynbekarasifigseinaieciety of

\A%?/@qmﬁgr&tég%f%[ FsEansestst M iR HUS/SiERCigigapslisSan be incor-

ultured mammalian cells are sometimes grown in cqmmermallg/ L
Paairddnts e finiddritaysingf dredparenedn QregilednpiRiR the targeting ligand
irDNHENM) dsastiagien wWitaribeaihoSdmal bithges. ty drmosisidegegraughecan be used

for joining the lipid chains to the targeting ligand.

A further example of a delivery system includes transplan’tation into the therapeutic
area of a composition of packaging cells capable of producing vector particles as
described in the present invention. Methods for encapsulation and transplantation of
such cells are known in the art, in particular from WO 97/44065 (Cytotherapeutics).
By selecting a packaging cell line capable of producing lentiviral particles, transduc-
tion of non-dividing cells in the therapeutic area is obtained. By usihg retroviral parti-
cles capable of transducing only dividing cells, transduction is restricted to de-novo
differentiated cells in the therapeutic area.
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selection of a medium appropriate for the particular cell line used are
known in the art. 35 Thus, in one aspect the invention relates to isolated
host cells transduced or trans- fected with the vector according to the
invention. These cells preferably ard’mam 47 malian host cells because
MitheelsufecBphiérybf Eemei Therag y MedesiGgnneositianded neublastin
correctly. Preferred species include the group consisting of rodent
(mouse, rat), rabbit, dog, 5 cat, pig, monkey, human being. Examples of

Fellawing thaaretoseldetnamey theiareniiosd dreriidaivenoPiameyiiasin com-
p%ﬁﬂgmmwg@@cﬁf&wmﬁmﬁewanﬁm tociists tbe g ip thensistinguafing mi-
HO, HEK?293 COS, PC12, HiB5, RN33b, neurgnal cells, faetal gslls
RS0 NINE ARBETRST LR iS5 A SOt 17428
(1980); tlepiGRomiiara{sesl $ melindrrasestany fevanstdpirieebpisluen d: 650-660

(USSR RRIMBR, Ahesldnecin BsaRsY Rie A AR fangakerk &al eramMaRitant
retinal pigment epithelial cells f%RPE fﬁe Is). The source ﬁ{S%PE cellsis b

(Sl RCETF 195 LR RCTRRHTE I PEIRAAALTIRAL hDtG g b psste tfang,
efhalrvNsting, RBE ¢6ils1ade(t@8RY)efined (Li and Turner, 1988, Exp. Eye Res.
47:911-917; Lopez et al., 1989, Invest. Ophthalmol. Vis. Sci. 30:586-588)
and considered a routine methodology. In most of the published reports
Epcapsulative @f &8lslantation, cells are derived from the rat (Li and
Turner, 1988; Lopez et al., 1989). Preferably, RPE cells are derived from

20 humans. In addition to isolated primary RPE. cells,. cul human . .
RSB G5) 550 DAL L APATAotr e m i ST recpint
hostissiduotion systepndig setapadipditieostiiseiling lseiaiBaiaedlielel Biocompatible

KNS BRI RRYIST AR IHRSHENSstFARE VAR HRItRRIABYAE0RE in which

preferred group 25 of cells include neuronal cells, neyronal precursor

cells|8re ENFARSYISIBE M S EEUNRAIF O SR el (EFRU iR IaNS GRgUle”

rrmus_omat memmﬂe;ejtmhamlﬁr&aﬁxdvmaeﬁimemérpsiami_rimwéhamelete-

il LRRIR SPAD IS il Al ERARIRRRLIOT MR eBIR Y fevied! cels
cells the preferred cells include retinal pigmented epithelial cells,

aipdmaHgoisRiated dreadhe hesi-bneRsiea e detonithitsinplaniahirumobneric

caﬁ%g@réaaﬁﬂd@ﬁyawta@ﬁwugthhbmﬁée e apprd BB dsHisahetbell-to cell
e iment the therapeutic ¢ ine is selected.from the gro NSisti
RN T ORERECEITEL P et S TSR e B Hcn

direstpresspitetioncdhaimesniiatanimsgn eatiatrehalBdimads, grierdhgydiffusion
of BRI Ak S Wi JEEAR b SATdO o I ¥M¥Rt, 4hsed on their molecular weight

(Lysaght et al., 56 J. Cell Biochem. 196 (1996), Colton, 14 Trends Biotechnol. 158
(1996)). Using encapsulation techniques, Cells can be transplanted into a host with-
out immune rejection, either with or without use of immunosuppressive drugs. Useful
biocompatible polymer capsules usually contain a core that contains cells, either
suspended in a liquid medium or immobilized within an immobilizing matrix, and a
surrounding or peripheral region of permselective matrix or membrane ("jacket") that
does not contain isolated cells, that is biocompatible, and that is sufficient to protect
cells in the core from detrimental immunological attack. Encapsulation hinders ele-
ments of the immune system from entering the capsule, thereby protecting the en-
capsulated cells from immune destruction. The semipermeable nature of the capsule
membrane also permits the biologically active molecule of interest to easily diffuse
from the capsule into the surrounding host tissue.
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The method for generating an immortalised human astrocyte cell lines has

previously been described (Price TN, Burke JF, Mayne LV. A novel

human astrocyte cell line (A735) with astrocyte-specific neurotransmitter

function. In Vitro Cell Dev Biol Anim#*31999 May;35(5)*279-88.). This
Theotapslim agrbbausedd¢drgemerbiccasipethie welldiabsA Dibeerfpiasiviagnaterial”

istree.medifcations PiihwREaRcH arfd¥eiRsabiidnans:a 9erfraifal host re-

additional human astrocyte cell lines. Human foetal brain tissue dissected
sprisesFiciRat ke sttbitniRe Eeiralop el caRs R IR Bndenib ipRRSKRfe for
elissipie Theughniegaiisatinn JrediodbypatibEERAdialon asrgopmayigzemeable

used instead of the SV40 T antigen. Retroyiral gene transfer may he used
R B eI AR T e LB o B RSt T B8 e
abls toemalipredecdas, suehragyinsidiangreathsiagioss aneboleierdanviplg allowing

mSSRI O W3R 14 BEARSASEE AN BALLS BNScERMABbRMBRERt AidSsuitable for
incorporated a foreign ggﬂge into its genome such th%}ﬁforel%n gene is

delyark of SEM BRI IS RN RaIR AUl ENES UMRIBHR, g fmRgat-
bingidetielle drenknbwyo hEBingsteriet alould8s rizice nivath dagids Soid Whar me-

c@%f%%@?ﬂ“éﬁﬂ&%ﬁ’é@fﬁ%&@rﬂ%@Wéf’é?égf?/“t‘ﬁeaéagg?)@ RSO MVBRNGill be

ar gg{;r et al., 1981, Proc. Natl. Acad.”Sci. USA 78:6376; McKnight
sietli ta Gaemeciapaibes By LT afiondmaianh AR SRS WR HID K5 or
Wb , 35834 ddatinepblabdd b aldessree ¢t 8lS.2088, Ndie-5i68%,208) 05,653,975,

: | [, 2003, Theriogenol : : sagne et al,
43555 e ey B 2k% FF ISUFSORI R o o AR o by refer-
ehce Sechreapsuterelioveiimibatasseta et wataholitesliabtdents sndrihesapeutic
sEElESlesslipdARaMEnicRRANE RlcRRRESTN0 Ao84LESHR RRI¥PRRHAME system.

amounts in excess of 30500 ng/106 cells/24 hours, more prefera%l%én
iperme-

CompaneBissBo g/ RIS LBREIAHIAE! A SPEY I BFASRIF iESRAEngs

ablg/ léie el Alubiins, intersap refisalpiyortiny cesffatliBfORglaGblge lisé2deneti-
re.pref ' 9 . , -

L R

Pﬁ@ﬂﬁﬁ@éﬁ'ﬁ%fﬁﬁiﬂ?@ﬁf@lyﬁtﬁi\?@&eﬂ@t&n@mb%i”B?QHE‘@?éﬂ_aﬁoﬂ@%Ya%%a{yade

fre@safpesbibmpattiteniathis shlviatasibe neediougbaasiiagost, acrylic, poly-
<SS S SRS AR Wi,
pelgamidde Bl useitanrs PalvbutapienMsife prifenachilintisergrsupichiasmrpatible
nfetdie: HEK23RdEPraf RRREdh be used for cell implantation (U.S. Pat. No.
5,512,600, incorporated by reference). Biodegradable polymers include those com-
prised of poly(lactic acid) PLA, poly(lactic-coglycolic acid) PLGA, and poly(glycolic
acid) PGA and their equivalents. Foam scaffolds have been used to provide surfaces
onto which transplanted cells may adhere (PCT International patent application Ser.
No. 98/05304, incorporated by reference). Woven mesh tubes have béen used as
vascular grafts (PCT International patent application WO 99/52573, incorporated by
reference). Additionally, the core can be composed of an immobilizing matrix formed
from a hydrogel, Which stabilizes the position of the cells. A hydrogel is a 3-dimen-
sional network of cross—linked hydrophilic polymers in the form of a gel, substantially

composed of water.

Various polymers and polymer blends can be used to manufacture the surrounding
semipermeable membrane, including polyacrylates (including acrylic copolymers),
polyvinylidenes, polyvinyl chloride copolymers, polyurethanes, polystyrenes, poly-
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5 Neublastin or a functional equivalent thereof can be produced by

culturing these cells and recovering the neublastin from the culture

medium without the need to refold or glycosylate the protein. 10

Expression can be increased even ftkther by the inclusion of enhancer
amidewxnisiidosh asetieR EoéUiiosel Bifraieg). Blyspbonasmfmciisting yolysther sul-

fc%%fi,)ﬁm@ggﬂg’zznsspr SRALIDMARERE. URRE SORRERER SHA B loride), as

neu ucing cells In vitro on a support matrix prior to implantation

wiitmEerisatiMesi o PRINBERS SRdemixttres SherrmicSitiesrkidihg surrounding
sERPecaEaBIs Piismhbpanepiantatitstisriesissestinigsrhastgeteollondfitammem-
viability of the transplanted cells apd provide | term functional henefit.
b%ﬁ'o%%?e@?éng{g 8%ga?err'hn %{lﬁa .r?t;}’%ﬂﬁ@’% strrﬁsgp aﬁ{qu (':Seﬁg??%é.,gy Q?'%I' Pat.
NoanSRehieal ardBidsihesdcrinvampomtedithy defyendse rhnsplaineiiegnsemi-

pOFRUBRNRRMbMING 19 BnSiRRRSH AN AeF W EHRSRHIBIRREr NatR R Shose
of which the support matrix can be comprised wg#d%e%g&cf)ﬁ% materials to
0 i

densrireaen HefreFetoNSwitrg 16-0R1b Sh&UBaddt: fr dafRgrRted by
refecsmcand Avhichitearatee imypltanteihghtctnepeansatdéamiedprabevithaterial  is

pﬁgg%@gﬁa{ﬁ@é&ﬁﬁgﬂﬂggg an inflammatory reaction which would

e Implante r otherwise interfere with their biological or
therapeutic activity. Such materials may be synthetic or natural chemical

TREREigaeSsHT Bebsianeesigneios agpepaitaliorigininfalnime biasdgical activity
aterials include, but are not limited to, glass and other silicon oxides
I o518 B oL B YRR WA o erample
cylipijrirakh apedapoijeral gisktehapgys pgteinehansidyinypidcateliatergoripherical.
MRPAHRST ShEQpGIMaRlids. RALEBFIABRILARIAEHES!-IKY@R REKIPSAScture.
natural and modified %_elatln and natural and codified co_IIa%en, natural

If ) GRBRHIR B (RORRSRTIYRH ALSh L ISATAE 2N APARSUARP R WML (e §p lead

tdhitﬁgmfihﬂaﬁaheawstaesi fmmg ﬂmimeﬁtmapmhbabmlohram;pmmdb@bt&ules
smﬁff%%l? H‘aytpaw%ﬁqh@l%egﬁéﬂpﬂs&enﬁ SXVAsEUIa Batki% SRAIEH USertain
whic aréJ rt. uci 50

well-known In the Extracellular matrix materials may be

shnamaydbamiedrg/es Haipheed Bskgrsingesesndhilah sherkieodgtigreater

sttt FREYRW EhNgreeretdng lealibor e dboningitiraslls which are to
be transplanted to interact with and adhere to the matrix. The matrix

material on which the cells to be implanted grow, or with which the cells
VWirenniesihsapsules ancintiednoeiorbiiue s RHE aatls! 0'rerllsf@re encapsu-

IRRMRIS: thedralPrieral may BrertapslidfMAERcRURASREMBBAge may

membrane material, which is produced and secretel??{b RPE cells t b%
b faatpdad RY iFNBUENG R ABNESBNIGHAUANREF RIS HisS sbifierably be-
twealrik andyl Opiipsalbs per patient.

The scaffolding may be coated with extracellular matrix (ECM) molecules. Suitable
examples of extracellular matrix molecules include, for example, collagen, laminin,
and fibronectin. The surface of the scaffolding may also be modified by treating with

plasma irradiation to impart-charge to enhance adhesion of cells.

Any suitable method of sealing the capsules may be used, including the use of poly-
mer adhesives or crimping, knotting and heat sealing. In addition, any suitable "dry"
sealing method can also be used, as described, e.g., in U.S. Pat. No. 5,653,687, in-

corporated by reference.
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10 coated on its external surface with factors known in the art to promote

cell adhesion, growth or survival. Such factors include cell adhesion

molecules, extracellular matrix, such as, for example, fibronectin, laminin,

collagen, elastin, glycosaminoglycafs, or proteoglycans or growth factors.
TAS éiterpalisely,délihdesiokd aratimpanibichdterdingléntew welleansiques. Many
ind} t}gﬁ%‘?gﬂs ﬁ8§'a$§%%%8&%?é8b%mﬁéeﬁé\%égg SFARRHVRUEYAS invention.

ppromo Ing FACtor OF factors may be incorporated into the matrix material,
Thesn imnlaniglion siesdndusioviyt-arediidiaiers imphmearinereusgystem,
ianrt%ﬁ‘?aﬂ%*_lﬁgirlﬁpﬁﬂﬁjﬁumt es@%_@rldir& tpﬁhewesemtifBMmQBEMIsand

ed for transplantatjon are generally gn the."oyter. surface" of the

5 b o0 DOEOH s B B ron L TR LI che Eegapgy an
visiepperutherselfshereye ¢GasstROhtdernationat pstestrIpigRsio W 974 586,

inSSRSYERRO ) S EREARE PHRNGIHPSEHST SPALS: ARCHIKhIRHR BABSERL Within
invention, the cells are ‘consjdered to be on the "outer 25 syrface" of the

the, Bis &vRAGKGES R %Hﬂ&@@@%ﬁ?cﬁ‘%@?%‘?@@%ﬂla BSvRnflien For

syfténtacndbfiotds, omoplantitiionmay the potcusss@part diedzhetish are intra-

pgr?ttoﬁte tpe exterior of the particle or bead itself. The configuration of the
suppoﬁ'is preferably spherical, as in a bead, but may be 30 cylindrical,

elliptical, a flat sheet or strip, a needle or pin shape, and the like. A

Tﬁéeﬁ@f@fgréelsﬁ@d@pgggwﬁax mﬁala&;‘eb?ad.fé\rrmfb@pmafeaeduhm&sde-
_a polystyrene bead. Bead siz ay range fr 0 0 0.1 mmin

I ORISR el Tk Lehcips el St 6<% 48t dBhno-
odesThetdRPE-Vatelidimis deadidi. ©e s cebdintois wirhlapladastairimiens sipndi-

HQRUGER S8 Pn i REliorCif W CERrall i ol sydefm or B8 thtfefdctid erfiron-
Cataluc%% Sigma Chemical Co., St, Louis, 1991, pp. 162-163; Ventrex 5I

meri AREBETA GeNPerARe R 4BBRHES ¥ dNedHed iR seTElE BrRdS A RAL e
pHaR paeréet ARREereneds HhecuppelalivalydbtipifeapmsixBRPiayDeells are of

dictated. by t 's stimulati i [ i i
RS e s, SRl AGORIAS AL RS A R T Bivice

vigtelligyrARRPEHY elsuearTAelivpien mfiRasisre e BBl o'swrevinipaie ARPE-19

cHistaing by thaigsibosbef admimistratiefoSudardtnintinrearegeasidyare non-
determinable by one of skill in the art. Neublastin polypeptide 10 The

YRR further relates to a neublastin polypeptide comprising a signal
peptide and a neublastin polypeptide, wherein the polypeptide lacks. a

MEHORSINPLEHSSI0Y. for iABIAR 28R WRsHeUnViREPtide dresdhie actienidd in
Lfﬁeegtlde. In particular, the signal peptide is linked through its C-terminal to
REErthal of the neublastin polypeptide through a peptide bond. The

signal peptide and the neublastin polypeptide are as
In one aspect the invention relates to a biocompatible capsule comprising: a core
comprising living packaging cells that secrete a viral vector for infection of a target
cell, wherein the viral vector is a vector according to the invention; and an external
jacket surrounding said core, said jacket comprising a permeable biocompatible ma-
terial, said material having a porosity selected to permit passage of retroviral vectors
of 100 nm diameter thereacross, permitting release of said viral vector from said cap-

sule.

Preferably, the core additionally cbmprises a matrix, the packaging cells being immo-
bilizéd by the matrix. According to one embodiment, the jacket comprises a hydrogel

or thermoplastic material.
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15 defined above. Examples: EXAMPLE 1: In vitro transfection with
IgSP-NBN construct 20 Construction of IgSP-NBN constructs IgSP.NBN
was generated by overlap PCR. In the first amplification step, the mature
fragment of NBN was amplified by PER from the pUbilz.NBN.BamHI
Exaotplessifiguttablprivalis S Bhkkégbp . B&diies include HEK293, NIH3T3, PG13,

af AR CRCPERIGEIE i3 PenS ffd 373 2aflNBNas +Xhol (5™

TATACTCGAGCGAGCCCTCAGCCCAGGCA -3). In a second 25 PCR

reaction, the IgSP sequence was amplified from the pNUT-IgSP-CNTF
Meahtds (58l WSviLas Yot éheigisglaierpompasiadifik catiklarBaditdioszd in US
oA ASRATGO BCOACCATCARMTRCAGRTRARI TATC-3) and

I9 P&S-NBI lap (@

GGCCCCCAGCCGAATTCACCCCTGTAGAAAG-3). In the third step the
HY¥&ddids of step 1 and 2 were combined in a final PCR reaction that

generates IgSP-NBN 30 by using equal amounts of the two products as

template with the primers IgSPKo- zakls+BamH| and NBN-as+Xhol. To
Theneveleia ptasmotdiasisl ek tneskiventiestoathbeessitin {pfragaiers wagblastin

pElop&stit. RRAG Sigesird iR arhirx el Whis MRGLRE 488 IbaBrENihich

sequence is placed 35 under transcriptional control of the CMV promoter
esLees qure M RARE AN SHIERAREP Idh RREHEN dBKgENe Rdteterologous
sigpriessdadiceradistant:e of meakipigoresked dtidneasnstalben asdlsrdrdfecting cells

Transient transfectio ies, ARPE-19 | h inal pi

W e K R o 8 IR SE A RC PHes purront
Riatpocleiarivieleguiat Binkeg b Easa Pobliphina dhaseripies § Yditeyraigrscience:
WW@&%B&%S@SW%t?ﬁ&@%P%@iﬂ@ﬁF%ﬁ%@”ﬂ_E%&ﬁ?&m&ﬁ- d_mr195ed.,

assage roximate ICe a we rypsipnization seedin .

I Gt RS h OB s ol SIS AT on o iy el
camehddransidcied ausingsigjeofra b aigiis/weelldomtraisisgitaie spuedistatioe, or
iREt SIAwiFe IS WKEr & JaBs e e it B RELARM VR L MRS B R is a

using Fugene6 (Roche, Germané) accordir;% 10 to the manufacturer's

maBEAtan 6RY. NBN BRI SsERMS Tob Pdigler teth RsaroN!fd ke e hays

after transfection was assayed in a RetL3 ELISA. RetL3 ELISA The RetL3

USA detects binding,of a Ret-AP conjugate to lex of N bound
T AR o S e e OB RS Rt TR O G cer
cansidensesushhibat dhe frrratathngulasién BelvagPtdeds eiPirase|RYsecreted
fisAPiate &8, Rerkapripeste RRBMAr MMM oated WanAROR HREHMG GRAents

antj hyman F Immunore- search rigs, Trich
| human Fc (Jackson UE e- searc Labo{ato S o Sy include a

rRILTRTEIR i MHE trigh rLgaH e fon cell &

carbon source, a nitrogen source, essential amino acids, vitamins, minerals and
growth factors. Optionally, the media can contain bovine calf serum or fetal calf
serum. The growth medium can be designed to select for cells containing the nucleic
acid construct. This can be done, for example, by drug selection or deficiency in an
essential nutrient which is complemented by the selectable marker on the nucleic
acid construct or co-transfected with the nucleic acid construct. Cultured mammalian
cells are sometimes grown in commercially available serum-containing or serum-free
media (e.g. MEM, DMEM)(Invitrogen, Carlsbad, CA). Factors to be considered in the
selection of a medium appropriate for the particular cell line used are known in the
art.

Thus, in one aspect the invention relates to isolated host cells transduced or trans-
fected with the vector according to the invention. These cells preferably are mam-
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After wash in PBS/0.05 % Tween20 (PBST), wells were blocked in 0.2%
I-Block 20 (Tropix, Applied Biosystems, Denmark) in PBST for Ihr at room
temperature, fol- lowed by a brief wash in PBST. Cell supernatants or
recombinant mouse Artemin (R&D é{/stems, UK) were diluted in
malidb M) %l Beandseuttesguan|gapableaté dsecrétiogvetid witiedspigbnihe en-
G | in (R&D Systems, UK) in RET-AP condi- tioned
C?ndggiﬁg((g)%gﬂeﬂn%%@%@ér 1.5 h at room temperature. Wells were then
washed 25 first in PBST and then in AP-buffer (200 mM Tris (pH=9.8), 10
PraMrMa Ghalisd i avwedidhdGrolipineubiatiag vittod &% Ganskiresfniratisigrdog,
gro_ ix, Applied Biosystems, Den- mark) and 2% CSPD (Tropix, Applied
CBidY s‘[lﬂﬂlip?b mgiﬁ?ﬁnﬂpbuffer. Lumines- cence was determined by
using Microbeta Trilux Counter (Perkin ElImer, Denmark). 30 Results

E%EET&%fggﬁ%rg&W& AFVHRSIREL 3 3RS Bei RIS SeISEIRth &uction

using the LISA in super- natants_collected from ARPE-19 cells
Mranﬁén\fmpéﬁs%é{é% RiRSHe PRESTAN | S IeaNic SHatR EonTisdng o, CHO:

HeEp2exKinTsly Baol) IHBS; IRBISAL tivéyrGhal-Gsisnteilisalte REE inel lines,
AﬁBEﬁ&.9hﬂ§&r%%§%%%ﬁnﬁ§8ﬁgs%!t ls-type {PraceRrOMNBN cells,

expression construct z.nNBN) incfuded in the same experiment.
NYEBNY 099 HP R IBESHREINIIN activity was detected in cell supernatants
of ARPE-19 tran 53 siently transfected with an EGFP expression

construct (ANSIz-EGFEP) canfirming the ..specificity of the a . These ..
T e e crle PR e EeR S 16t (PASS SERYcdfL S retial
pigigiest Epithielalcceflentiite NEIN) frdhensapTasainRidHscellp bl &y fasimgnyg cell

ioRdiat NG marRacHic NShhse BIGEIS T RaAR SRTHRAPE dai1@re well-
release of NBN using a wildtype_(prepro)NBN construct. EXAM

PLE 2: In
deTtRg Hd SNLEHMRiH 9GS P=KB ¥ ASPudy 10 e AR5 6 Sterdifalnvest
OpRalNBN Cisn St G 0H6vH88) stutkersidgetbaateudinentiethaldubomiructmost of

-laSP- j ' -Xh .
R ey 9o NP ot
aphiHINgho L ARG skegrHeL Rw 188IkingratesRidG Xvl g SEIN BRawd&iyee from
hdndrs PlisSdiios Bdeslvasty paharselPrasENatiogtlastvitahiarRRE cell lines

construct, H;Q'-SIN i %ud.in a WPRE element (Dull et al., J.Virol.,
”’?Zr&?)?éiénﬁl Efl@@gél;“giﬁ?fer%ilnég?%lfnj.ViroI., 72(12):9873-80(1998):
Zufferey et al. J.vrol_, 73 (4):2886-92 (1999)) gener- ated by replacing the

FIT9R IR i RRithihe b aheiereangtiis withile Bici8cbaskbenel cells,
The sequence of pHSCXW can be accessed through GenGank ID; 2

0
NEYRBE. AN IRUERERM MIFERSHIvRS VoL &% YR SR RPIRRYs s RERiergs oroup

ofjeshsatetuby e@dranst cells, neuronal precursor cells, neuronal progenitor cells,
stem cells and foetal cells. Stem cells and neuronal precursor cells have the
advantage that they can integrate into the tissue and migrate. For encapsulation and
for implantation of naked cells the preferred cells include retinal pigmented epithelial
cells, including ARPE-19 cells; human immortalised fibroblasts; and human

immortalised astrocytes. Particularly preferred are ARPE-19

In another embodiment the therapeutic cell line is selected from the group consisting

" of: human fibroblast cell lines, human astrocyte cell lines, human mesencephalic cell

lines, and human endothelial cell lines, preferably immortalised with TERT, SV40T or

vmyc.
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fection of pHsC.IgSP.NBN.W with pMD.G (VSV-G pseudo-typing vector)

and pBR8.91 (packaging vector) (Zufferey et al., Nat. Biotech.,

15:871-75(1997)) into 25 293T cells providing the required viral proteins in

trans. Briefly, 293T cells cultured in *®MEM with 4.5 g/l glucose and
Tokutaetizod (fofe Seshiiotpancis)BRu3IBEP Mysapisirnmyitagiites Oas fregously
b%gﬁed@&%&%ﬂﬁée 5098l b pra B REad/NAl ABViRslinsAXdAFoEFHS cell Tine

ask) the day before transfection. For each T75 flask cells are trans-

(AdSRIHIPSTog IR RDLS e B pisrRSIOHte YRRy b iYifiRferl BabBiRiAgim:

. 1biofes; 36 @rmesdolloningroteco ansfast uststingsnmttnasiityde cell lines.

containing cell supernatant is collected 2-3 days after the transfection,

filter-sterilized through a 0.45 m cellulose acetate or polysulphonic filter
Taaddiondegienes! mpdifieaiensriafdhsib Aratosolcmexer e radyninads: pcgenerate

aAdigsaesGoRd Rubeded inaprRatrifugation, the concentrated virus pellet
is resuspended in DMEM, aliquoted and stored at -80C. To determine

virus 35 titer, reverse transcriptase (RT) activity is assayed (Cepko and
Heean @weta ribrRimtisseel sdindectkt dfamBiolag ye®ks8 G farippientaay 3€) used

iR RS9 UENGoURES (LM 54 calculated from the determined RT

activity using an EGFP lentivirus with known transducinr%??ctivity_ as
TherdieRedaisafitiaens studiey 5 BRP Eelanasassl ranim dsaedasiqad of the
SVBINTEXpFgssion vectors. Briefly, cells were seeded in 6-well plates

orning Costar, Biotech Line, Denmar ity 0 ell.
RAABRELEERS BT S soe i d f s Bsad s -

with 5 pg/ml polybrene for 4 h. The medium was changed and cultures

TW@%H&%tmaée%ebﬁu@%gEwa@émé@iamsrwgeﬁmIgﬁm@f%ch as a
RetL3 ELISA as de- 10 scri

d in Example 2. | , P |
QBB N T ESBIISE EFORL Ay G T O S B s
irmgpeoraitants fodigetgenontoA RPgedonte [ thatisaluttedforigigthgene is passed
f.Jth%.%r&?an%}Ar 8viir|§;§ﬁl«5h899-g%ﬁé5aé§nvgéwA@Afa%g@ﬂ%egm@éam em-

activity was detecte PE-19cells trans duced with a lenti-virus
beeadBiiRgteRe vilet-fl 5 (PN MR S \WSE- NBRARR)- Matleedirgl Pro-
dE&llf;Ptﬂ@ﬁ%béHwSe(hMQ§5W)kﬂ'¢?ﬁ$eﬂeﬁé|@’Ii,n(ﬂttax_tméhﬁt #.capgasoa Natl.
vir nsiruGt ng,the wild t repr, e 0
Ao SO i o s B e S foeo,
Netyrerdgpadaalifitceinsct abaBRSGVafidm g bhaldcRaldassaiee shakiffORBNhe-
riSgRIBGFoRIeY. RSMMPLE J0b8alysisisldBiigy eighvexmerssddranet al.,

I SP-NgN constructs 25 Western blot analysis of cell supernatants
2(%3, Xenotransplantat?on ?0(3):3667). y P

In vitro production of neublastin

In a separate aspect the invention relates to mammalian cells, such as the cells de-
fined above, capable of secreting a neublastin polypeptide in amounts in excess of
500 ng/10° cells/24 hours, more preferably in excess of 600 ng/10° cells/24 hours,
more preferably in excess of 700 ng/10° cells/24 hours, more preferably in excess of
800 ng/10° cells/24 hours, more prveferably in excess of 900 ng/10° cells/24 hours,
such as in excess of 1000 ng/10° cells/24 hours.

Preferably the secreted neublastin is biologically active as determined by the RetL3
ELISA assay described in Example 1. This obviates the need for glycosylation,

cleavage and re-folding.
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NBN present in cell supernatants from transfected or transduced cell
cultures was concentrated by affinity binding to GFRa3-1g prior to
Western blot analysis. Briefly, 4 wells of a Nunc MaxiSorp plate were
coated with 300pl Goat anti human £t Ipg/ml 30 (Jackson
Immunoresearch Laboratories, TriChem, Denmark) in 50mM NaHCO3

F@*g,%f@r&r A8sh ARG rENSIWEIL WA RHRckRAN %Brés@sq..wgpw@w\ EK293

for 1 h at room temperature, followed by 3 washes in PBST. 30
CRAREICARRABA RhRRn GAEiEnHEIGrhIqRh BGARRE -k §aliaAE profera-
bRdHed@ig teasiasconad d\qubrEas fQO$, larat ARRE-tINperature to

maximise binding. The wells were then emptied and 35 washed again 3
times with PBST. 300 pl supernatant collected from transfected or

Netblegtiosd gdunstinnr squivireithrigetioan dwcpredupedbyeniusing these cells
alRFHRRIRLHTRY R HeigRabfmaihigs it pBakGUA RATBUEME Mty BRI or
wells were'then Washed twice in PBST. 20 pl of non-reducing sample
INGRYIRAE BTy M Tris (ph=8.0) was added to the first well and the
plate shaken rapidly for 5 min. to elute the bound pro- teins. The content

é&%}?fséﬁeﬂé JIG%Q:%G WEUARGHRE BIPSRIME RN 'BPRAIRH ColofiiBnts

rotelns bound In the remaining wells.” After addition of DTT to 10 mM,
Stﬁ’@ §§M’pﬁ5§\ﬂ%§éﬁﬂ%&??& 96C for 5 minutes and analysed by SDS
PAGE on a 15 % polyacrylamide gel using the MultiPhor Il system

according fa the man urer dations (Amersham
sﬂﬁgrma"c%a{ Eﬁ?nneﬁ élﬂ%ﬁl %gns rrlr{gﬁt e blotted to PVDF
membranes (BioRad, Denmark) that was immunostained using a 10 rabbit

TRe!YrRBAL HVENBN RRHBP LY HIHRE8s %ﬁlfdﬁﬁ@@tﬂf&l@a&m@gvo&deiﬁ@)@ng% vitro
were develo ed using the E(%Htg?lstem (Amersham Pharmaci

Obé‘nﬁfaﬂ%% ChipEetet 1 R MeeAmmE a?h'éea@% iSygtem. The
prabdiiepoly dboalsiutimicpcaisec agamtlmlmﬁaimm@mnide enhance the

i&rﬁ%t ﬁﬁgﬁwvﬁ@?&%ﬁ&wm% o R e RCAREI [p1e] N T e Ko ¥

, ular weight between 7.2 and 18.5 kDa is recognized in reduced
(+DTT) samples contain- ing purified rat recombinant NBN produced in E.
T@olih@eéa@épmimgo témmabmﬁr'@f ting lycosplaiedd\NBME 13.A hamdpénted

.neu Ias{%eslgc}(’\claﬁﬂgafggﬂos ato > ?%S%%%E%n%gd ?%(Ijl ﬁaerag't%ﬁggqggﬁrgqto a

ucea sampie nes esta

Sm@’ief@ﬁ’@ ﬂXWiﬂﬁer[ﬁ@lﬁ@ﬁﬂmoﬂ'H\éﬁ@é'ﬁiﬁléé‘ﬁh@mm [sePpPhewsdix can be

cQ%%é&ahﬁ%lJé%etﬂcg%t%ﬁt@%ﬂs'Ebﬁﬂﬁ}&ﬁlé‘élﬁ%'ﬁéré%ﬂ@\ﬂﬁg|W9ﬁbdaﬁ@urbatnon
and N-terminal sequenc- in $€ dW|t \germ ecular we %\phtb dy
2’;"

apg oM S8l 4 %ﬁ?&" u Al
wii@dht Ipradimbhmaatmeiwrbmr&drbamdamﬂﬂamrappay zaaemmwm would destroy

tr?eoRﬁ%m@&e@él@&%’@r%géG%ergﬂélfé)ﬁk’ﬂﬁt@%ﬁ’%fél ege N %Mﬂéﬁe@mact.v.ty

NBN'104. Bands of higher MW represent (glycosylated) pro-NBN seen
Sé'éBa@l@W&lﬂ}SM“@FR%ﬁmmﬁﬂPp?fnﬂ@?l"?érﬁ fraical substances, or substances

having a biological origin.

The matrix materials include, but are not limited to, glass and other silicon oxides,
polystyrene, polypropylene, polyethylene, polyvinylidene fluoride, polyurethane, poly-
alginate, polysulphone, polyvinyl alcohol, acrylonitrile polymers, polyacrylamide,
polycarbonate, polypentent, nylon, amylases, natural and modified gelatin and
natural and codified collagen, natural and modified polysaccharides, including
dextrans and celluloses (e.g., nitrocellulose), agar, and mégnetite. Either resorbable
or non-resorbable materials may be used. Also intended are. extracellular matrix

materials, which are well-known in the art. Extracellular matrix materials may be
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As seen in Figure 5 panel b, the double band of MW between 6.4 and

21.3 kDa cor- 30 responding to unglycosylated NBN113 and NBN104 is

detected in two stable clones of CHO-NBN cells. The same double band

is also detected in ARPE-19 transd@€ed or transfected with IgSP-NBN
oktgimed siomumnsialiter Poeraeech dne gacdidnd|eeiandnisth Megrefessueh 2. matrix,
réﬂ?&marﬁﬁé&%ﬁéﬂa %QIMC%&@MB%%@@%NEN 504 t'é s@%r@p@shted to

samplés analysed. These results indicate that processing

Interat aMtaRmh 2085 By iemRT Xrd Eﬁrﬁ‘&?%ﬂ@ﬁ@ﬁr@gsﬂﬁ"%m‘e cells fo be
il Q)i NorawiH gFRANDBR celfs- sitsutizedEmBaX B/ Indiy Sesysepreesict of

R%FSC g r,\‘l?h Sﬁfg%gamﬁ' CORSHSh ARG ACHR ékotgeSQQ%C%‘ﬁB%g%atnx or

qUence present in constr
baspmepiATethidne TRGGEA NACT ROrTticTGaTrGeealet BGRFACAB dp be
inAdMeig GGCTCCCA
AGTCCCAAACTTGAGGGTCCATAAACTCTGTGACAGTGGCAATCACT
TTGCCTTTCTTTC
TF AGHGE CETHASSITC SGUEGSE GHCIDE ABCONCDEGCBHTGBSBIY be

c&a@e@%ﬁ%@%ﬁggﬁiﬁ& with factors known in the art to promote cell adhesion,
CTGCCGCCTGCGCTCGCAGCTGGTGCCGGTG LG LG eaGeTeaaeeT

gewh eicsapival Susk fagtqrg include cell adhesion molecules, extracellular matrix,

stich A GarGseatyle> Tirbadtht, Tahtirit CoNagEnCEldLtin, Tdhfcedammeylycérs, or
pregc-rCTCCA

@)&&??ﬁé‘@%%ﬁ%@@mcmeeCGCCGGGGCCCTGCGACCGCC

CCCGGGCLCTCCLCGGLCC

AMW @%C&%T%@tﬁﬁ G hnerCRE Gripfidnfed Abia e Gfizletidd Tis Con-
TTCATGGACGTCAA

SRRISE R RETRARRE B8 AWK SEUYR PREREE e Brssdey be
INCArGEAF GGG CeGraiiBaqaieial JrainlbHigh FheiBhdigd e sibwiyoritased after
HMI%EQE ighahgeptide from an immunoglobulin gene fused directly to
mature NBN (113). The IgSP-NBN contains an intron Intron-exon
prediction by NetGene (CBS-DTU server): 20 Length: 478 nucleotides.

Wb Hitbcrial 160the 82ppUrtGed&dfg To the%résafl. #iekiivh, Ronelisnliel for

site Cl strand P
wE SRR AR Senerlly o i o e D S TR o pray
bo48lig PTRNEPGEHOBEAE CMENATE ETAUSTURPEY therwslis@iednsiisact contact
wRANRE BI@ENSIr Ao u-withoot-arr-mtervening -membrane or other barrier. Thus,

according to the present invention, the )cells are considered to be on the "outer
surface” of the support even though the surface to which they adhere may be in the
form of internal folds or convolutions of the porous support material which are not at
the exterior of the particle or bead itself.

The configuration of the support is preferably spherical, as in a bead, but may be
cylindrical, elliptical, a flat sheet or strip, a needle or pin shape, and the like. A
preferred form of support matrix is a glass bead. Another preferred bead is a

polystyrene bead.

Bead sizes may range from about 10 ym to 1 mm in diameter, preferably from about
90 ym to about 150 um. For a description of various microcarrier beads, see, for

_example, isher Biotech Source 87-88, Fisher Scientific Co., 1987, pp. 72-75; Sigma

Cell Culture Catalog, Sigma Chemical Co., St, Louis, 1991, pp. 162-163; Ventrex
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No donor site predictions above threshold. 35 Acceptor splice sites, direct
strand -----------mmm oo os 5'->3' phase strand confidence 5'
intron exon 3' 1251 + 0.83 CTTTCTACAGAGGGTGAATTC 401532 +
0.18 GCCCGGGCAGMCCGCGCTCHG 167 1 + 0.20

PGQUIE GGG ACGIGS CGGEBaGiet991989).4Rese  references are hereby

.n%S%rf&J&Go%&e%E%Gm%ﬁeﬁ itk NUfle Yliderseauencs 3bsplesdd by the

bAa@Aatm@tmGtm@yﬁﬂq%ﬁ@mo«@s&méﬁ@@@mﬁw&@@ﬂm
oE6d A IEECETs or cause damage to the surrounding tissue. The upper limit

ggé;g@q%scc GGGCAG%%C%%%?%%G%AGI%QhO%G(?Cg;mlms ra %%:Tg;uch

intgioreeCesehceerrrdePCee cGREBECREGHCCGCTCCGACGAG
CTGGTGCGTTTCCGC
TTCTGCAGCGGCTCCTGCCGCCGCGCGCG CTCTCCACACGACCTCA
Neeklatin eelreetida so
CTGGGCGCCGGGGCCCTGCGACCGLLLCLLGGaGLTCCeaGeeeaT

TRE Ol SRR aebior i pobpspiits comprsine. 4 el pepive

apdg aeykladtin eolgpegtide, wherein the polypeptide lacks a neublastln pro-reglon

sthGs GGleliiaktt EhpAstiassfusaiE @ Gigrdb béplitk> (nCpERBUIRE @héDsignal

NQ, 8). Translation of spliced transcript: . . .
PR TR M T N e N LR P B AR PHoe
iR RIBRIdeR©Rd. The signal peptide and the neublastin polypeptide are as
JEFRG SBEREARSPHDLSLASLLGAGALRPPPGSRPVSQPCCRPTRYEAV

SFMDVNSTWRTV DRLSATACGCLG (SEQ ID NO 9) 57 The translated

- fusion protein is predicted to contain a 19 amino acid signal peptide,
Exlaiﬂbl'ésczleaved from the mature NBN (113) sequence using Signal P

QUL 21/ i S RTALGR Gl LeAGRR il didentifcation of

pro aryotic and eukaryotic peptides and prediction of t elr cleavage sites.
H. Nielsen, J. Engelbrecht, S. Brunak, 5 G. von Hejne, Protein

donstnrasneigsb-REN 8dnktiigsalP-NN result (see Fig 6a): >Sequence

O 1S Sor R P B B VS SR R 5 g peature
fragraars ai- NBD. 966 @aplfies s RORJsenkig oldbiiaddbBhitdamidieasiondising
e A9 NENE-RSP FapaF-idiYaradt (RredTase R Bredisteicce-3)
S Rl%l asex%ol(& TATACTCGAGCGAGCCCTCAGCCCAGGCA -3)). In a second
PCR reaction, the IgSP sequence was amplified from the pNUT-IgSP-CNTF vector
(ref. US 6,361,741) using the - primers IgSPKozak1s+BamHI  (5'-
TATAGGATCCGCCACCATGAAATGCAGCTGGGTTATC-3") and IgSPas-NBN.Flap
(5- GGCCCCCAGCCGAATTCACCCCTGTAGAAAG-3’). In the third step the prod-
ucts of step 1 and 2 were combi‘ned in a final PCR reaction that generates IgSP-NBN
by using equal amounts of the two products as template with the primers IgSPKo-

zak1s+BamHI and NBN-as+Xhol.

To generate a plasmid-based expression vector the resulting fragment was cloned in
pNS1n digested with BamHI/Xhol. In this vector, the IgSP-NBN sequence is placed
under transcriptional control of the CMV promoter (éee Figure 3). Furthermore, the
vector contains 'the' Neo gene that confers G418 resistance when expressed in

mammalian cells.
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20 Signal peptide probability: 0.999 Signal anchor probability: 0.000 Max
cleavage site probability: 0.660 between pos. 19 and 20 Using neural
networks (NN) and hidden Markov models (HMM) trained on eukaryo- tes
25 EXAMPLE 5: Prediction of positishs for signal peptides. The prediction
of cleavage site when Igsp is fused to a neublastin polypeptide of va- rious

Trga%nﬂ%réﬁé}*é’&@ﬁ %@ng the signal P programme 2.0 identified above.
eavage sites: roteln SignalP-NN h%gnalP HMM Remarks

ARPE [ in BN woaOretinas sigmenh Ridshia) spd e A wig Rl bl AR qrayn in
DMWm%bﬁ@gmg%Nﬁrvomgngemtgﬁsa/xl\(thirbaelﬁ/%r(maﬁy)snaﬂaﬁem@@wth
GRS RE T R o et e Lot o eh s e

P&6s446) m@mmmgwpeeameeh/\bmtrysgm@mbm ifesaeing@118)split ra-

cﬁuﬁaﬁéf\%ré Qe @Be%diﬁ'%qnah m&rlm@@w@ﬁwmnﬁ%@ ata
probablity |JgSP-NBN102 16/ 7 0 643 0,359) 19/20 cleavage
d@?@@f&&ay%@ﬁ'&/w&mr PP e85 ki e Ry crJ Y mrgnsrected

wit® BA0h (D120 VghiFn @.&)W@@Wkllﬁﬁlg\mméﬁ@ﬁ/q‘ﬂ@che, Germany) according

to the manufacturer’s specifications. NBN activity present in cell supernatants col-

lected 3 days after transfection was assayed in a RetL3 ELISA.

RetlL3 ELISA

The Retl3 ELISA detects binding of a Ret-AP conjugate to a complex of NBN bound
to the NBN-specific GFRa:3 receptor. This assay will only detect NBN molecules
which are functionally active. Briefly, a 96-well plate (B&W Isoplate HB, Perkin Eimer,
Denmark) was coated with 100pl 1pg/ml Goat anti human Fc (Jackson Immunore-
search Laboratories, TriChem, Denmark) in 50mM NaHCO; (pH=9.6) for 16 h at 4°C.
After wash in PBS/0.05 % Tween20 (PBST), wells were blocked in 0.2% I-Block
(Tropix, Applied Biosystems, Denmark) in PBST for 1hr at room temperature, fol-
lowed by a brief wash in PBST. Cell supernatants or recombinant mouse Artemin
(R&D systems, UK) were diluted in DMEM/10% FCS and subsequently incubated in
the wells with 1ug/ml GFRa3/Fc fusion protein (R&D Systems, UK) in RET-AP condi-
tioned media (Biogen, USA) for 1.5 h at room temperature. Wells were then washed
first in PBST and then in AP-buffer (200 mM Tris (pH=9.8), 10 mM MgCly, followed by
30 min incubation with 10% Sapphire Enhancer (Tropix, Applied Biosystems, Den-
mark) and 2% CSPD (Tropix, Applied Biosystems, Denmark) in AP-buffer. Lumines-
cence was determined by using Microbeta Trilux Counter (Perkin Elmer, Denmark).

Results (Figure 4, panel (b))

NBN activities of 25.3-33.8 ng/ml were detected by using the RetL3 ELISA in super-
natants collected from ARPE-19 cells transiently transfected with the pNS1n-
IgSP.NBN construct. In (;ontrast, approximately 5-fold lower NBN activity (4.4-6.4
ng/ml) is detected in ARPE-19 cells transiehtfy transfected with a Wild-type (pre-
pro)NBN expression construct (pUbi1z.hNBN) included in the same eXperiment. Very
low or undetectable NBN activity was detected in cell supernatants of ARPE-19 tran-
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5 Mature forms of NBN:
(113)AGGPGSR(106)AR(104)AA(102)GAR(99)GCRLRSQLVPVRALGLG
HRSDELV
RFRFCSGSCRRARSPHDLSLASLIE$AGALRPPPGSRPVSQPCCRPTRY
siEuﬁhj&EMaf@\étl TR TEEHR. SpTesSiGCLahsttlEXpNER E 6FE)omintyming the

e %g égg%stcxw Deltapro-NBN (SEQ. ID. NO: 82) was
gener y overfap PCR in three amplificati- on steps: 1) The relatively

long 117 bp leader sequence (i.e. 39 a.a. signal peptide) of preproNBN
THétR Pefiam ndicazainaveidasg and diinhase IQSWNMdeﬁIUT@stNo]ﬁgher

143 b BN with 5' 10 base NBN I seguence ove rla
i SR D ) ) W L G ALl S G B e
smmmcpﬁa\keamminrmam@enmm@@N@ttnqzrg@m of INBf\ sisPG R WIldtype
(Fﬁ%@r (WNENdeader): 20 Primers used: 59 BamHI+Kozak+hNBNsp,

ATAGGATCCGCCACCATGGAACTTGGACTTG- GAGG-3'
hNBNsp3'-matNBN FLAP as, 5'-
EW@ME&GG@@W&G@B&B&Aﬁsﬁmmd
pHsSC.hNBN.W (see plasmid map in Fig. 7a) was used as template for the
5 PCR reaction, which was run usmgz Pfu-turbo polymerase. PCR

Geppeationsf alettidralilg S NBheossitctgRdaireg &eska0 72 C 1 min 72 C
T Gainetdie saeatvBERBHaARBiopNEHUGESHENBEN iR digedsstinlth BamHI-Xhol

hNBN ! - ] B} ) ]
i Qe RPN et e tearshattls SRRl Ll g ted nt
BehiFNRAGTIBAST QASCOC TEAMDA CInG CIdsCEVRIaSMiBNw  (Figure  3).
pREEEA %BA\M@%R!ﬁgrggirma&ﬁgqmé%mﬁ/w%@@.tmﬁtfmfomms|N "

PCR reaction, which was run usmg Pfu-turb OE erase. PC

e RIS T £ ol USle SN 998 ZfiFromebal

J¥imoln 72(12):0873-80(1998): Zufferey et al. J.virol., 73 (4):2886-92 (1999)) gener-
ated by replacing the large non-viral part of the transfer construct with the pUC19
backbone. The sequence of pHsCXW can be accessed through GenGank ID:
AY468486. |

Replication-defective LV-sC.IgSP.NBN.W virus particles are generated by co-trans-
fection of pHsC.IgSP.NBN.W with pMD.G (VSV-G pseudo-typing vector) and
pBR8.91 (packaging vector) (Zufferey et al., Nat. Biotech., 15:871-75(1997)) into
293T cells providing the required viral proteins in frans. Briefly, 293T cells cultured in
DMEM with 4.5 g/l glucose and glutamax (Life Technologies, 32430-027) supple-
mented with 10 % FCS (Life Technologies, 10099-141) are seeded in T75 flasks
(2x106 cells /flask) the day before transfection. For each T75 flask cells are trans-
fected with 5 pg pMD.G, 15 pg pBR8.91 and 20 pg of transfer vector using Lipofec-
tamine+ following the manufacturer’s instructions.v Virus containing cell supernatant is
collected 2-3 days after the transfection, filter-sterilized through a 0.45 m cellulose
acetate or polysulphonic filter and concentrated by ultracentrifugation at 50,000xg for
90 min. at 4°C. After a second round of ultracentrifugation, the concentrated virus
peliet is resuspended in DMEM, aliquoted and stored at —80°C. To determine virus
titer, reverse transcriptase (RT) activity is assayed (Cepko and Pear, Current Proto-
cols in Molecular Biology, 9.13.5-6, supplement 36) and transducing untis (TU)/ml
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25 The third PCR reaction (deltapro-NBN): Primers used:
BamHI+Kozak+hNBNsp,
5-TATAGGATCCGCCACCATGGAACTTGGACTTGGAGG-3" 30
NBNas+Xhol, 5-TATACTCGAGCGAGCCCTCAGCCCAGGCA-3' The
chGRfsdgmentthéraleténmitved fR3t BEiMitye astiona{NEBN R deleliviond mighukeown

tr%%@ugﬂwﬁi}ﬁ\ﬂt%vgsorg}gﬂgﬂaewere used as template for the third PCR

reaction, which'was run using Pfu-turbo polymerase, and the same PCR
profile as the first PCR run. 35 The PCR fragment from the third PCR
TraRsdigRivrpsisaibyvith BamHI and Xhol and cloned between BamHI and

ites in pHsSCXW (see plasmi p in Fig. .7b) EXAMPIE 7.
A, AR AR TSR RN N, Sy G0 s iy el were
seedifierefitwall piates $EorainenGisieBNBigtestriansidpemrmpetbatiordangity of 10°
c?ﬁ%ﬁggmtﬂ@\kéﬁr@éw(‘é%U‘WETQ/@W&B@Q&%B\'ENM@'W&Q{ Hdther

-NBN, was compared, Transient transfec- tions eréoperfonne in

P .
Wi BE RESRC oI dnd DRHECHIMD vt SRRRRR AR % LR T inou-
batdtufed asddesciihed ceb eupgiealarnisBiefRartilaczdtfal. ROWB) ELBA as de-

cells were grown in DMEM (Invitrogen, Denmark) with
sREEH G

ovine serum (Invitrogen, Denmark), and medium for CHO
cells were further sup- plemented with 20 mg/l L-proline. ARPE-19,

RaEI29Bigine Zheneelgvere grown at 37C and HiB5 cells at 33C in 5%

NE e o S S RRISR L8 eeacs BY R U At

plit ratio). ecretion after transient .
culirniédciion GRREME sellsciiaasiiced alith te d-\CHPHIRPOUBMYY Bistech con-

trggi,ev Iﬂ&@%@ﬁﬁ@@&%ﬁ@ Q’Eﬂpa&gﬂmﬁ éV&é&SHCSﬁYVAhﬁ@Qm@éHS trans-
ay, cells were transfected with, pHsC. W, : . .
RN U SO A 5 ) VPR BT NBTCORDYA AeiSteta W)
oiretplital € GERdartingdLfiehs6EN described in ex- ample 1, whereas the

other three cell lines were transfected using 2 pg plasmid/well in triplicate
wells using Lipofectamine Plus (Invitrogen, Denmark) according to the

Thraeurasuireinglicrin tbabris, aMdrad:ioday/ it SATaBHHHCRTAItRE AR wild type
(eprsiNBrheDNAllshand s elisavepiméneulgERNBN furth efoadthetrslibatoregh re-
collecting condjtioned me 25 dium. Sufficient transfection effici )

Ieear%u?g HE aﬁﬁl?éqio'ﬁ)rgf &R %')%‘Bré:sgjs’siga ﬁ]aﬁei }g%'gl%c #é%nlg#twgﬁwg the

speciHiteNBithgsiapOrEORPIex. NBN binding activity in con- ditioned medium
was measured using the RetL3 ELISA, as described in examplel.

EXAMPLE 3: Analysis of NBN protein expressed from IgSP-NBN constructs

Western blot analysis of cell supernatants _

NBN present in cell supernatants from transfected or transduced cell cultures was
concentrated by affinity binding to GFRa:3-lg prior to Western blot analysis. Briefly, 4
wells of a Nunc MaxiSorp plate were coated with 300ul Goat anti human Fc 1pg/ml
(Jackson Immunoresearch Laboratories, TriChem, Denmark) in 50mM NaHCO;
(pH=9.6) for 16 h at 4°C. The wells were blocked with 400 pl 1 % BSA in PBS for 1h
at room temperature, followed by 3 washes in PBST. 300 pl/well GFRo3/Fc fusion
protein 1ug/ml (R&D Systems, UK) was then added and the plate was incubated for
1 h at room temperature to maximise binding. The wells were then emptied and
washed again 3 times with PBST. 300 pl supernatant collected from transfected or
transduced cell cultures was then added to each of the 4 wells and incubated for at
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The RetL3 ELISA detects binding of a Ret-AP conjugate to a complex of

NBN bound to the NBN-specific GFRa3 receptor. Values were calculated

as ng NBN/ml/24 h and 30 ng NBN/105 cells/24 h and adjusted to relative

NBN release with values from cells Yansfected with the wt NBN construct
lesst ®Hwitlagenilfigoakigorepresericthpsatinecl unlvelistivers dmehavashed twice

irCPRISFSOP 3% BIGHIh-rREMAiNy™SAmipI P e ﬁ‘%‘@%e@ 2 IPTRYIGHLS.0) was

dlfference from cells transfected with the wt NBN construct (P<O0, one

adigisy tonies\ kst anddbemiaioaeks i ieRidls fvsoABIan Rl dhe E%ﬁﬂ@d pro-
téneéowrwwbhmma:&% tthadleticte sictc albkines|shouvire iprosehse dvibis Nepeated

e T

theaae@@fe&twmri@eﬁie@ é@|9ﬁ‘>n6§wﬁ1 mHBYSpes N SRalRENDYCPRBURAGE on a
158N SHﬂPé]ﬁMiﬁ g‘énrthahgrﬂﬁenmm.ﬂ%mlf@%i@@h%&@dﬂq@l@m@e manu-

com ared to wt N Ver etectableyBN ac was seen in

fa&é‘ﬂr LperfaBmEts ‘i@ %ﬂ IR eeé‘['é‘é |th {ife REgippps were
thexipldtesidn Evﬁmnmﬂ"r(pfases ERRVDeontankitiptivasspevifioitstainddeusing a
ra%‘iﬁﬁxoé%ﬁﬁ%%ér} iU S) SHidikd @ﬁ%%ﬁw &%MW@A@S were

Mean IS.E.M.IMean IS.EM. Mean S.E:M. INBN 1,01 0,2i 1,0~ 0,31 1
develapgd usingfap B SYSiPMU\mesigm QFHE?P,‘%‘ lpepmprk)sand SUbJeCted
toiine- &XBdsUE2,4? 0,6; 17,2; 5,5' 1311,0 9,2 0,5; Panel Bin Fig. 8B shows

NBN concentrations in conditioned medium (24 h) from the 20 transiently
transfected cell lines. The highest concentration (124054 ng NBN/ml) was
Resiwlig in conditioned medium from HEK293 cells transfected with the

THERSHOI SORUEHChofAM SMIDOdTraney mhG M et eI doAiCp piide
er . ransrecte - ce owe S

RS e AL R £ P STELA NS SRS PRl P cular
w&rigmmmfwrmﬁmend ESPKNB ¢ cecngnimedimdrefiudetigpidTNBdroplesticmitain-

m'& Nﬂﬁéé%?%@&%uﬁﬁﬁ(ﬂm SoqzEaNBNJfs-BasBRMR Y 'fH]tﬁ@lllﬁdﬁomenc
applicable in different cell types. 30 EXAMPLE 8: Predlctlon using SignalP

U@b’%ﬂﬁfﬁéﬁ@%&%&%ﬂ? Shike sapir AW dmGUiigR Ao e ViR 2dditional
bariaeiate Ascomizedar iedwddosadgiep froMBibRNOHGERBNBING e twtablished

b)f/otlrlgnwslpe%ﬁq'oenq\L/Jvﬁﬂcv(\?t%prepro)NBN. The identities of a number of these bands have
been determined in previous studies using deglycosylation and N-terminal sequenc-
ing. A band with slightly lower molecular weight represents a smaller and unglycosyl-
ated version of mature NBN (NBN104). In addition a very broad band with an appar-
ent MW of approximately 21 kDa represent glycosylated versions of NBN113 and
NBN104. Bands of higher MW represent (glycosylated) pro-NBN seen occasionally in
GFRa3-affinity purified samples.

As seen in Figure 5 panel b, the double band of MW between 6.4 and 21.3 kDa cor-
responding to unglycosylated NBN113 and NBN104 is detected in two stable clones
of CHO-NBN cells. The same double band is also detected in ARPE-19 transduced
or transfectgd with IgSP-NBN expression constructs. Furthermore, a double band of
MW close to 21 kDa corresponding to glycosylated NBN113 and NBN104 is seen in
all samples analysed. These results indicate that processing and posttransiational
modification are similar when expressed from wi(prepro)NBN and IgSP-NBN con-

structs.
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62 Chimeric NBN molecules with NBN-SP(deltapro NBNs): NBN-SP
(SEQ ID NO: 24)
MELGLGGLSTLSHCPWPRRQPALWPTLAALALLSSVAEA 5
deltaproNBN140 (SEQ ID NO: 25) 6

EMAMBLE 8 |Setushites \WRRRG@FA 1gSPINBM vixal ashsivaeirmd @rsiiatian of

SRRBFABERLLPR.

GRAARAGGPGSRARAAGARGCRLRSQLVPVRALGLGHRSDELVRFR

FCSGSCRRARSPH- :

|JSESUAS LU edtida8 BEfetds PkEs e (GBS EAVSFMDVNSTWRTVD
RLSATACGCLG 10 deltaproNBN113 (SEQ ID NO: 26)

aMELCd G kG iR TR ROGRALAMETIAAALAS S AEAAGGPGSRAR

AQTACS ARCICREEETCCATAAACTCTGTGACAGTGGCAATCACTTTGCCTTTCTTTC

e A LIRS e LR R S L REAR SR HLILRIASLLGAGAL

cBRPRGERAVSQFCGCRRERY EAVGEMBNSIWRIMERESATACGCLG
Cg!p%ﬁg@g @ﬂQEQQTfﬂ?%gﬂE Fﬂgﬁﬁﬂ9§@§? ACCGCCCCCGGEGELTeeeaaee
C C T T
E@Eﬁé@g% %ﬁ%&ﬁ@?@% R R A A AR AL S S AR AMRAAGARG C
RLRSQLVPVRAL-
IgSPANENGD & fusRRPGE TS it RAR Sigrabpsniids flogyan AnRPRRGBEIPgene
fROPGERR 1d RYGAWEMPM)STWRTVDRLSATACGCLG 20
deltaproNgN104 (SEQ ID NO: 28)
MELGLGGLSTLSHCPWPRRQPALWPTr.AAI,Ar.LSSVAFAAAGARGCRL

ThSQEFRERAIMtRins an intron
| HFiSDEL\@%@WRA@E$WLAS%TGAGALRPPPGSRPVSQ
CEREIR - 8% IEATRCGCLG 25

deltaproNBN102 (SEQ ID NO: 29)

tMELG LGS LETkSHERWPRRQPALWPTLAALALLS

1SVABRAGARGCRIRBQLVPRYRALGP 0% X, 68.4% G+C

2GHRS %Vﬁlggglfg%%&CﬁBﬁgSPHDLSLASLLGAGALRPPPGSRPVSQ

-PC 2TRYEAVS- EMDVNSTWRTVDRL SATACGCLG 30
QeltaproNBNQQO(SSE@FD N@gs@g);trand confidence 5 exon intron

3MELGLGGLSTLSH@PWPRBQPALWPTLAA%LLSSV&E@@WG\{GCT
PVRALGLGHRS- 2438 0 + 0.60 CGACGAGCTGGTGCGTTTCC
DELVRFRFCSGSCRRARSPHDLSIL ASLLGAGALRPPPGSRPVSQPCCR

P RYEAVSEMDY- RE TR TVORLSATACGCLG 63 0u

No donor site predictions above threshold.

Acceptor splice sites, direct strand

pos 5'->3' phase strand confidence 5! intron exon
3 L
125 1 + 0.83 CTTTCTACAGAGGGTGAATTC
153 2 + 0.18 GCCCGGGCAG CCGCGCTCGG
167 1 + 0.20 GCTCGGGCAG"CGGGGGCGCG
199 0 + 0.42 GCGCTCGCAGACTGETECCGG

Nucleotide sequence of spliced transcript:
ATGAAATGCAGCTGGGTTATCTTCTTCCTGATGGCAGTGGTTACAGGGGTGAATTCGGCT
GGGGGECCCEGECAGCCGCGCTCGGGCAGCGGGEGCGCGGGEECTGCCGCCTGCGCTCGCAG
CTGGETCCCEETGCGCGCECTCGECCTGGGCCACCGCTCCGACGAGCTEGETGCGETTTCCGC
TTCTGCAGCGGCTCCTGCCGCCGCGCGCGCTCTCCACACGACCTCAGCCTGGCCAGCCTA
CTGEGCGCCGEEEECCCTGCGACCECCCCCGEGGCTCCCGGCCCGETCAGCCAGCCCTGCTGC
CGACCCACGCGCTACGAAGCEGTCTCCTTCATGGACGTCAACAGCACCTGGAGAACCGTG
GACCGCCTCTCCGCCACCGCCTGCEGCTGCCTEGGCTGA (SEQ ID NO 8)

Translation of spliced transcript:
MKCSWVIFFLMAVVTGVNSAGGPGSRARAAGARGCRLRSQLVPVRALGLGHRSDELVRFR

i FCSGSCRRARSPHDLSLASLLGAGALRPPPGSRPVSQPCCRPTRYEAVSFMDVNSTWRTV

DRLSATACGCLG (SEQ ID NO 9)
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uuCDmc4 UU) waUEU Wa oEwao00 C9aaaa 0CD
l104a~m4ad4wa aamacUnaasaCD Nwurx ux uagau Q aw w
WFR'0COEEuU4 P490>>3N040a CDU.a4aEPIiELEmMfx
C7auwwcn>mr-4 MU m ~~an aW w> aE4 Elf2) 1-7a4wZQco~u
TGS tra@sat€Y Qusion-protpif Aspredictad-tosonialn @)1040unn acisl widnal Eeptide,
4:#? QQeFa’ée@ f‘bnﬂr%ﬁ‘e%%@%ﬁiﬂ 3 kan6AAM DU AP Pl@vailble at

CDau>yuaw Ham404Cnuuw-UP4 DcOarWU4waww

th@ qﬂﬁﬁ/l 'Wleb senvenaievaache.diudi) o(\dentiticalianet Rn%lt?fyotlc and eukaryotic

Apeptldes and prediction of their cleavage sites. H. Nielsen, J. Engelbrecht, S. Brunak,

G. von Hejne, Protein Engineering 10, 1-6, 1997.)

SignalP-NN result (see Fig 6a):

>Sequence length =70
# Measure Position Value Cutoff signal peptide?
max. C 20 0.757 0.33 YES
max. Y 20 0.758 0.32 YES
max. S 7 0.970 0.82 YES
mean S 1-19 0.906 0.47 YES

# Most likely cleavage site between pos. 19 and 20: VNS-AG

‘SignalP-HMM resuit (See Figure 6b):

Prediction: Signal peptide

Signal peptide probability: 0.999

Signal anchor probability: 0.000

Max cleavage site probability: 0.660 between pos. 19 and 20

Using neural networks (NN) and hidden Markov models (HMM) trained on eukaryo-

fes
EXAMPLE 5: Prediction of positions for signal peptides.

The prediction of cleavage site when Igsp is fused to a neublastin polypeptide of va-
rious length is shown below using the signal P programme 2.0 identified above.

Cleavage sites:

Protein SignalP-NN SignalP-HMM Remarks

Pre-pro-NBN 39/40 * (0,852) 39/40 (0,348) Very long signal
peptide with low
probability in N-ter-

minus

IgSP-NBN113 19120 (0,757) 19/20 (0,660)
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.. mrx . m4"4COum~mcnw Co Ow> OU' CJ' Oo0 0040 Ouo x04 w Zaa
Zwa Zw 4fL Zoa0.a~ wOad404o0awa OgwPgOmqgwqgwqgFZga
ua, D, m U d'Hm r4 HCona Hcona' Hma Humes H funP1w'E4'0o CH C,0

0z0~PO'140COEIC5aa Ela¥~w-~.

~a"~->a~amx moaaH

IgBP-RBEM1MECO co| eRRe8318 H H o|R2/28r0,886)C rn C7 18I0 0404leavage
Zwa Zw ZWan Z 1i0) ZwfaiZ -HmHZHZaHHZHXH B0Mad &R less
~SSwwaPlcaatmalldmuQVnmmQOQ+mmQImm@QIma bbxu
batoxQbxQbla U HHZOHWHHO)HHO064 CD|WredpbilityincAiMM
WmWN F4AC)EUP,uaU UEUY aa amu (0,2)
[gSP-NBN104 19/20 (0,643) 22/23 (0,440) 19/20 cleavage
predicted with less
probability in HMM
(0,18). Furthermo-
re, an additional
cleavage site 25/26
is predicted with
same probablity
IgSP-NBN102 16/17 (0,643) 19/20 (0,359) 19/20 cleavage
predicted with a
probability of 0,5 by
NN

IgSP-NBN99 19/20 (0,718) 19/20 (0,496)

IgSP:

(19)MKCSWVIFFLMAVVTGVNS

Mature forms of NBN:
(113)AGGPGSR(106)AR(104)AA(102)GAR(99)GCRLRSQLVPVRALGLGHRSDELV

DVNSTWRTVDRLSATACGCLG

EXAMPLE 6: Cloning of deltapro-NBN into pHsCXW:

'"RFRFCSGSCRRARSPHDLSLASLLGAGALRPPPGSRPVSQPCCRPTRYEAVSFM-

Deltapro-NBN (SEQ. ID. NO: 82) was generated by overlap PCR in three amplificati-
on steps: 1) The relatively-long 117 bp leader sequence (i.e. 39 a.a. signal peptide)

of preproNBN with 5’ BamHI/Kozak overhang and 10 base 3’ overlap to mature NBN
(143 bp); 2) mature NBN with 5" 10 base NBN leader sequence overlap and 3’ Xhol

The first PCR reaction (NBN leader):

Primers used:

(362 bp); 3) the products of steps 1 and 2 were combined in a final PCR reaction that
generated Apro-NBN (492 bp). '
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maum-~ WaaRr4dHP~cU7mcOQa>s0a0OHplOmai[ZwwuuluP
oOUU)uU EwaQ>aECOCia0llto4Q:P4Aw~U)ual]UE w~uwF
WEwr40U)9 UyDACDaaQ>aExwP aZwm C4E4 ppH UH CN aP
QfUf) >~ P4U)aQaUa"rw+C7¥CD P Qm H am cua Plaa~ c aw aA
BamHPwiKozakrANBiNepa U 6 &-TRTAGEGAT E08CTACCATGREAAOTTESACH G-
G%GGag:tU)ma arx P-iccwMacoC7w . aaOHauaW Zv3MP u
WMWuaasf24CY-Uyua aa'u~t04.C77..P1m

- hiypNep3hmatiEl EhABIPS: ) SHRCAEEASEEEH] QWQ%QGQTGQECA'W

PEERID ma:FhNBNwm (@wpldmmu%@sm Fig-C«D wa@usedlae AdmplatdJfor the
P(C‘_‘.H reg(it|8rb \Hﬂlc?g' HWN bl %Vf?j-tu%ﬁ pogllnyer , Cxaolamaka p-~

aaa ma wm wm OU) wx wlc wCD wx
PWR wendiioszm4ammU m<a 4 C7 Q~ 'mammCD m m CD m0 ma

ghwpa C7 Gy GgkaC7aC7Pi_Oa

94 °C 30s

55 °C 30s 35cycles
72 °C 1 min

72 °C 5 min

The second PCR reaction (matureNBN):

Primers used:

hNBNsp3' FLAP-matNBN s, 5-CGCAGAGGCCGCTGGGGGCCCGGGCAGC-3
NBNas+Xhol, 5-TATACTCGAGCGAGCCCTCAGCCCAGGCA-3’

Plasmid pHsC.hNBN.W (see plasmid map Fig. 7a) was used as template for the
PCR reaction, which was run using Pfu-turbo polymerase.

PCR conditions:

94 °C 3 min

94 °C 30s

65 °C 30s 35cycles
72°C 1 min

72 °C 5 min

The third PCR reaction (deltapro-NBN):

Primers used:

BamHI+Kozak+hNBNsp,
5-TATAGGATCCGCCACCATGGAACTTGGACTTGGAGG-3’

NBNas+Xhol, 5-TATACTCGAGCGAGCCCTCAGCCCAGGCA-3’

The PCR fragments from the two first PCR reactions (NBN leader and mature NBN
both at a 1:10 dilution were used as template for the third PCR reaction, which was
run using Pfu-turbo polymerase, and the same PCR profile as the first PCR run.

The PCR fragment from the third PCR reaction was cut with BahHI and Xhol and
cloned between BamHI and Xhol sites in pHsCXW (see plasmid map in Fig. 7b).
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ZHHOmMMmMQ~amaOUy m4Nmma lgWHHHHxaHU)H
CODUHH~a)HR, '~~FTHWHaHN<HHwaHPA4U ZwwW a
mamammWaamaama~CZa wawa~azaQaaaaa(DP40)
1Fa U) Hu Uwa Nwa Pi col mwa g aRCDRm RfxR~sca),Q HH
EXANPKETTHIR MitidHtransfestianU with HGSPFNBN-cmhsitusis Grd detiapseNBN

SRS i afforehnt ddiin@sZaCD ~au a4a -Ha(OuCD>wO0lua

aordaw~UEO01(9asZCD c7TmwE+U)4auuaaaW a~1001 CoE
avacu9 towwBuaO9u44uu ~alaQU)wU)U)U)E+01 coPiOl>r
Sdcktida b IBNAaRA tranBidhBranefécliorOlith aifteseat RIBY wdadtiGatsqiktiding

M?:]r%-\p/)\(oal\%h‘,z%:eﬂag—pgd 'ﬁlﬁ\f'&g FQ%E’-INBN, was compared. Transient transfec-
tions were performed in ARPE-19, HEK293, CHO and HiB5 cells.

Cell lines

ARPE-19 cells were cultured as described in example 1. HiB5 (Renfranz et al. 1991),
HEK293 and CHO cells were grown in DMEM (Invitrogen, Denmark) with 10% fetal
bovine serum (Invitrogen, Denmark), and medium for CHO cells were further sup-
plemented with 20 mg/l L-proline. ARPE-19, HEK293 and CHO cells were grown at
37°C and HiB5 cells at 33°C in 5% CO,. Cells were passaged approximately twice a

week by trypsinization and reseeding (1:5 split ratio).

NBN secretion after transient transfection

Cells were seeded in 6-well plates (Corning Costar, Biotech Line, Denmark) at a
density of approximately 10° cells/well. The next day, cells were transfected with
pHsC.hNBN.W, pHsC.IgSP.hNBN.W and pHsC.deltapro-hNBN.W, respectively.
ARPE-19 cells were transfected in triplicate wells using Fugene6 as described in ex-
ample 1, whereas the other three cell lines were transfected using 2 ug plasmid/well
in triplicate wells using Lipofectamine Plus (Invitrogen, Denmark) according to the
manufacturer's instructions. The next day, fresh growth medium was added to the
wells, and cells were incubated for further 24 hours before collecting conditioned me-
dium. Sufficient transfection efficiency was ensured by evaluation of EGFP expres-
sion in wells transfected in parallel with pHsC.EGFP.W. NBN binding activity in con-
ditioned medium was measured using the RetlL3 ELISA, as described in example1.
The RetlL3 ELISA detects binding of a Ret-AP conjugate to a complex of NBN bound
to the NBN-specific GFRa3 receptor. Values were calculated as ng NBN/ml/24 h and
ng NBN/10° cells/24 h and adjusted to relative NBN release with values from cells
transfected with the wt NBN construct set to 1. Data in figure 8 represent these three
calculations and are expressed as mean * SEM (n=3). In panel A, * indicates a sig-
nificant difference from cells transfected with the wit NBN construct (P<0.05, one way
ANOVA , Fisher LSD Method)
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4-4 ~x ua PPiB >1 m :I P4 ~> 0 0) Ta 0101 --CD> --a x 0101 w 04 o Ul
FCalLDF4al~aum'~Ern .+~ aw eauen~anurnaawaft oo~u
w 0> 0101 aU "~a H Zww ~a CDO01 Zorn Zaa zau 3 d' gmw facaa Ca 4U)
no>Cax01lmw NdiHaP,ptHW&rC7THCryWHa mHOCqga'a H
Resulisa C74aaa~0UJ0001w04wCLWWOOwaw0OD4a0a to
A% QPE&AW ‘r]i Qhu, faWeV\béléanaWdoﬂ%UrQ“Sﬁl tf'?qujr Q%T?_'@S%Qneﬁ:m in-
ry ~
crweﬂ Edlﬁl)l @'ﬁ%? le95' fKSi@ 2\ aeztamre%ﬁ%fszrﬁtw% FFQ{“E%[ﬁd g he wt
NBNVaRsidt. (01 fold MotRNNBN @Ias Zdepadidpad tdlidme) Withen drans-

fecj’(nle1 tq%l 01 lel‘zﬁ 1 o 9 U Eeép{h—l%(i@%l‘-‘vhwgfl Q;A{),Q 4#8t%gN]SQXWﬁO was

8 aa w as a Ras rrgaa am as
fLEtherEenhanme@ (@&?E fgld bigher NBHR|rglegeezagmpared tooviANEEN)CYelY Igw or

ukbie&atile BN activity was seen in cell supernatants from ARPE-19 transiently
transfected with the EGFP expression construct (pHs.C.EGFP.W) confirming the
specificity of the assay.

i |HEKZ283 | ARPE-18] {HIBS | ¢ GHO ¢ {
:Construct; Mean {S.E.M.' Mean [S.E.M. Mean :S.EM. Mean S.E.M..
INBN ! 1,0: 0,2; 1,0: 0,3 1,0¢ 0,2 1,0 0,1

IgSPNBN: 28,0, 4,7 486 129 42,7, 54 012 151,
dproNBN | 1241 06] 17,2 55 1314: 10 92 05

Panel B in Fig. 8B shows NBN concentrations in conditioned medium (24 h) from the
transiently transfected cell lines. The highest concentration (1240+54 ng NBN/ml)
was found in conditioned medium from HEK293 cells transfected with the [gSP-NBN
construct. Panel C in Fig 8C shows NBN release per 10° cells per 24 h. IgSP-NBN
transfected ARPE-19 cells showed the highest NBN release (13335 ng/10° cells/24
h).

The present results indicate that the use of a chimeric IgSP-NBN construct and of
deltapro NBN construct in order to increase secretion of mature NBN from mammal-
ian cells is applicable in different cell types.

EXAMPLE 8: Prediction using SignalP 3.0

Prediction of positions for signal peptides using version 3.0. The predictions were
carried out on deltapro NBNs and IgSP-NBNs of the following sequences.
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aEWWCDCD ECD P4U aEC UE UEC amCDaaamaucD
cD g[7faa za E-i4CUDCUD R72i13uuaWmlal44CuUD a
~CCaca>%nUim7laau xmaaQuwamaUE CDCC)0U W >a
w>W> CCD(~qa CDE~acoi. EPPE-~m C/luaonmaa3w U)U)
Chilneo Fe ANBNPr GE@ asS& 3D MBNaP e @rnd NERsCD m ~Ei pi
~EiPladucaU)x3 ,~~mash44(Dmasauk>HaU)aU aasas
NBNa €D 05822 1P d'a W24 W w P, U) cDCD Riu as >ol 0 ac n ti 4a as zu au
EGLCGHATL SIS BHPRBQPALWPTLARLALLSSVAEA

deltaproNBN140 (SEQ ID NO: 25)
MELGLGGLSTLSHCPWPRRQPALWPTLAALALLSSVAEAPPPQPSRPAPPPPAPPSALPR—
GGRAARAGGPGSRARAAGARGCRLRSQLVPVRALGLGHRSDELVRFRFCSGSCRRARSPH-
DLSLASLLGAGALRPPPGSRPVSQPCCRPTRYEAVSFMDVNSTWRTVDRLSATACGCLG

deltaproNBN113 (SEQ ID NO: 26)
MELGLGGLSTLSHCPWPRRQPALWPTLAALALLSSVAEAAGGPGSRARAAGARGCRLR-
SQOLVPVRALGLGHRSDELVRFRFCSGSCRRARSPHDLSLASLLGAGALRPPPGSRPVSQP-
CCRPTRYEAVSFMDVNSTWRTVDRLSATACGCLG

deltaproNBN106 (SEQ ID NO: 27)
MELGLGGLSTLSHCPWPRRQPALWPTLAALALLSSVAEAARAAGARGCRLRSQLVPVRAL-
GLGHRSDELVRFRFCSGSCRRARSPHDLSLASLLGAGALRPPPGSRPVSQPCCRP-
TRYEAVSFMDVNSTWRTVDRLSATACGCLG

deltaproNBN104 (SEQ ID NO: 28)
MELGLGGLSTLSHCPWPRRQPALWPTLAATLALLSSVAEAAAGARGCRLRSQLVPVRALGL-
GHRSDELVRFRFCSGSCRRARSPHDLSLASLLGAGALRPPPGSRPVSQPCCRPTRYEAVS—
FMDVNSTWRTVDRLSATACGCLG

deltaproNBN102 (SEQ ID NO: 29)
MELGLGGLSTLSHCPWPRRQPALWPTLAALALLSSVAEAGARGCRLRSQLVPVRALGL -
GHRSDELVRFRFCSGSCRRARSPHDLSLASLLGAGALRPPPGSRPVSQPCCRPTRYEAVS—
FMDVNSTWRTVDRLSATACGCLG

deltaproNBN99 (SEQ ID NO: 30) o
MELGLGGLSTLSHCPWPRRQPALWPTLAALALLSSVAEAGCRLRSQLVPVRALGLGHRS-
DELVRFRFCSGSCRRARSPHDLSLASLLGAGALRPPPGSRPVSQPCCRPTRYEAVSFMDV—
NSTWRTVDRLSATACGCLG
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%’he sequence of the native human neublastin gene was examined for codon usage
for optimizing expression of human neublastin in CHO cells. The codons most
commonly used in CHO cells were analyzed based on data current to 2002 using a
method known in the art (Nakamura et al., 1999, Nucleic Acids Res., 27(1):292).

The codon usage for Cricetulus griseus relied upon is presented in the Table below.

Table. Frequency of codon usage in Cricetulus normalized per 1,000 codons.

(Phe) UUU 19.2 {(Ser) UCU 16.0 (Tyr) UAU 12.7 (Cys) UGU 8.5
(Phe) UOC 22.2 (Ser) UCC 17.2 (Tyr) UAC 16.1 (Cys) UGC 10.0
(Leu) UUA 6.0 (Ser) UCA 10.2 (***) UAA 0.5 (***) vca 1.0
(Len) UUG 14.2 (Ser) UCG 3.5 (***) UAG .5 (Trp) UGG 12.9
(Leu) CUU 13.3 (Pro) CCU 17.5 (His) CAU 9.5 (Arg) CGU .7
(Leu) CUC 18.2 {(Pro) ccc 17.7 (His) cac 12.7 (Arg) CGC .5
(Leu) CUA 7.5 (Pro) CCA 15.4 (Gln) CAA 10.4 (Arg) CGA .0
(Leu) CUG 3%9.0 (Pro) cce 4.1 (G1ln) CAG 33.2 (Arg) CGG 10.4
(Ile) AUU 17.5 (Thr) ACU 14.5 (Asn) AAU 17.7 (Ser) AGU 11.5
(Ile) AUC 25.5 (Thr) ACC 21.2 (Asn) AAC 21.1 (Ser) AGC 16.5
(Ile) AaUA 6.6 (Thr) ACA 15.6 (Lys) AAA 24.5 (Arg) AGA 9.5
(Met) AUG 23.4 (Thr) ACG 4.4 (Lys) AAG 39.1 (Arg) AGG .8
(val) GUU 11.3 (Ala) GCU 22.5 (Asp) GAU 23.9 (Gly) GGU 13.2
(val) GUC 16.0 (Ala) GCC 26.6 (Asp) GAC 27.6 (Gly) GGC 22.1
(val) GUA 8.0 (Ala) GCA 16.7 (Glu) GAA 27.8 (Gly) GGa 15.9
(val) GUG 29.9 (Ala) GCG 4.3 (Glu) GAG 40.7 (Gly) GGG 13.5

The native human nucleotide sequence encoding a C terminal 104 amino acid
fragment (Roseblad et al., 2000, Mol. Cell Neurosci. 15(2):199; Baloh et al., Neuron
21:1291) and the nucleotide sequence of the synthetic gene are aligned in Figure 9
with the changed nucleotides indicated. The two sequences are 83.33% identical.

Example 10: Cloning of the Neublastin Gene

A 100 codon (300 nucleotides) 3' form of the neublastin gene was synthesized and
cloned into an expression plasmid to facilitate the insertion of various signal peptide
sequences linked to the &' codons of neublastin. The 100 codon-form of the neu-
- blastin gene was assembied by combining 40 pmol of oligonucleotides KD3-464
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Optimization The sequence of the native human neublastin gene was

exdhmingth #6D3etion(Tisblge?)fir 2pimiizhugend e adibK ek AGmih AédniRéln 20 mM

in %9&6&%Wg@éor§m0ﬂnémmmoaw 835 ddntSiRlcY ERdlspWRSR: Polymerase
analyzed based on data current to 2002 usmg aTTe hod knowngﬂr;

the
(Na(k!%’ﬂu?é‘@?ﬁg Bighgbiy RRYE Nt ke o9 YerR NEY gnqﬁségég for 4
forﬁrmméslmgnsmedremwpmes paeselitedin $E T dote Datomute] fHC for 30

Freg uElnL% ég(g 3&%&@%&%‘6\%8 YNHZRERSE %%%P%Lﬂ'%lnutes

(Phe (Tyr) UAU 27CSUGU8
uuﬁemgewqm@m@qwrfweniel ﬂl@%}w@ $8lcand dhels Jﬂea’é‘éo base
(Sephit) hgibat (WhiddAARSed™S) kpAddhg(lregibh WG3b4pa<SenikdGianking the

e LS B U g v
123 (PrgNBERT (51trepgyC GarkBaR GALEik 154GIRNEAAdENA (#rlgred by a

CG&%&} ofbiahd @Hﬁté@e%@ﬁ?)u%@@aé He(éﬁ@%l%ﬁ%@@a%&“& BLE&GVA Rhel and
(IIe U 17.5 (Thr) AGU14.5 (Asn) AAU 17

AGU 1152
b TP AR TAL W AnEEd (N REG S T By RRLA geauence
(Thmmﬁ/bmmm BbkedrfethNroFiaGA M5

The Table below identifies the oligonucleotides used in PCR and synthetic se-
querice assembly o generate signal peptide-neublastin fusion genes. Sequences

are all indicated in the 5’ to 3’ orientation.



(Met) AUG 23.4 (Thr) ACG 4.4 (Lys) AAG 39.1 (Arg) AGG 9.8 (Val) GUU
11.3 (Ala) GCU 22.5 (Asp) GAU 23.9 (Gly) GGU 13.2 (Val) GUC 16.0
(Ala) GCC 26.6 (Asp) GAC 27.6 (Gly) GGC 22.1 25 (Val) GUA 8.0 (Ala)
GCA 16.7 (Glu) GAA 27.8 (Gly) GGA 15.9 (Val) GUG 29.9 (Ala) GCG 4.3
(Glu) GAG 40.7 (Gly) GGG 13.5 The native human nucleotide sequence
enctaileg a C terminal 104 amino acid 30 fragment (Roseblad et al.,
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GG C COGRCAGEAGOTEOABIASAAOESHRCCGCACCAGC
Yot beRiteRteTsBse RGBS dibutiriokie
1e) that had been gel-purified and digested with Nhel and
I ﬁ&d%éﬂﬂd%)as named pNBNO026-35. The neublastin
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b all indicat
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3&%&5@&&@&&&8 BAT W@@E&%@@R&%@A
enérate signal peptide-neublastin fusion’ geneés. Sequences

2 PFQHR 8@ Borientation. 74 Table Oligo- Oligonucleotide
@TEE AT TCCAGBBATCCTCAGCCCAGGCAGCCGCAGGCGG
AGCATGAATICATCTCGAGGCTGCCGGCTGCGGTCC
TGGCGGACAGCCGGTCCACGGTCCGCCAGGTGGA

(SEQ ID NO: 76)

KD3-471

AAGCTTAGCTAGCGGATCCATGAAGTGGGTGACCTTCCTGCTGCT
GCTGTTCATC (SEQID NO: 77)

KD3-472

GGCAGCCTCGAGCGCCGGCGGCGGAGAAGGCGGAGCCGGAGAT
GAACAGCAGCAGCAGGAA (SEQ ID NO: 78)

KD3-477

AAGCTTAGCTAGCGGATCCATGGCTACAGGTAAGC
(SEQ ID NO: 79)

KD3-479

AAGCTTAGCTAGCGGATCCATGGAGCTGGGCCTGGGCGGCCTGT
CCACCCTGTC (SEQ ID NO: 80)

KD3-480

GGCGGCAGCCTGCCCTGTGGCCTACCCTGGCCGCCCTGGCCCT

GCTGTCCTCCGT (SEQ ID NO: 81)
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"neublas

CAGCTGGTGCCTGTGCGGGCCCTGGGCCTGGGCCAC (SEQ ID NO:

71) KD3-465
TTCTGCTCCGGCTCCTGCCGGCGGGCCCGGTCCCCTCACGACCCT
GTCCCTGGCCTCCCTGCTGGGCHBCCGGCGCCCTGCGG (SEQ ID

NO: 72) KD3-466 , |

CAECOPICUTCUGHRUOT AR g wticaladSId G ONTCAT
GGACGTGAACTCCACCTGGCGGACCGTGGACCGGCTG (SEQ ID

NO: 73) KD3-467 _ - _ _
GeeasEesesEReApERE CieeN Siends perites WRRARSE AL RCIUded sig-
TCad Gegubhie s Gt G HEAIRG (€ IR N, GOC Guipreb AGsewttShdpibne. Addi-
NO;. D3-4 .. : . , .
o7 SRS et stanel segpsise spiet IO e fmesehifpuigons during
CCRERanrii@ine toreasale the oeibaetio cigmhmplitec B iusiogs|imere syn-
ggfhé@zg@rﬁ%ﬁ%?either oligzr_ll_ucc::lc(?_tla_téie assegglé/; COSrC IZ%RCC':FheC DN,EA; ér%g(r;ents were
bR o e e elsven UL sokiienne, S PN /Bpiecuies
KD@8esgrdbed was confirmed by DNA sequence analysis.
AAGCTTAGCTAGCGGATCCATGAAGTGGGTGACCTTCCTGCTGCT
GCTGTTCATC (SEQ ID NO: 77) KD3-472 o
GGEREYEhREE Algnebreausaeecrss SEAEHARI B BeR @meldestiennysing oligo-
GAAGCRGI{dASS BRGZEYG BRA-3EQKD3NGBO,/ ROSRBHU 7and KD3-482 (Table) and

PRI AT holyErRe (Phafmabia Felpiek F ) PG clRGiteR Nitided heating

AAtbe TeadianT RGIEGIRT dopmuesaand T udiTe e s tuesTel 195°C for 1
CChAVriHE,T607€ 1or 30 4B:DHsBO2HIRBr4Bhinute, followed by an exiension at 72°C

GGCGGCAGCCTGCCCTGTGGCCTACCCTGGCCGCCCTGGCCCT
GcfPéfP&E:pf‘EEt‘%Sr E%E R3S\ PrEPRR rﬁ%@&?@Bn‘&‘Eg’%ﬁ%}d Xhol. The
Sighad PepsigeiNagitestimbagekrBdireAnddigaieddity fasniideNaN026 that was
Sig%?éd“?éﬁﬁﬁﬁ&%ﬁ&%%%@te%ﬁﬁ Bagugdeg %%1.%@%&%@?&5@?@ was named

in, rat albumin, and human growth hormone. Addi- 5tionally, a
syrﬁﬁ@tﬁ%&n%'@éﬁu‘@ﬁ@e PURRANRSIAo fﬁ%{ﬂ‘?ébéﬁim%f%é‘%ém@"%d or
PCehandelifibatibs wigenelatsitdes neithasinsigsatepgciotidachhatiiusiang kept the
wer, -thesi [ ither oligonu ' se PCR. -
LT A T R e S B A Sl Fowre
of éllch of the four molecules described was confirmed by DNA sequence
analysis. 10

The neublastin signal sequence was synthesized by PCR amplification with oligo-
nucleotides KD3-513 and KD3-514 (Table). The polymerase used was puReTaq
(Pharmacia, Peapack, NJ,). PCR conditions included heating to 95°C for 4 minutes
and cycling three times at 95°C for 1 minute, 60°C for 30 seconds, 72°C for 1
minute, foIIoWed by an extension at 72°C for four minutes. The termini were pre-
pared by digestion with Nhel and Xhol. The 330 base pair fragment was gel-purified
and ligated into plasmid pNBNO30 that was gel-purified and digested with Nhel and
Xhol. The resulting plasmid was named pNBN038. The DNA and protein sequences

are shown in Figure 12.

The albumin signal sequence was synthesized by PCR amplification with oligo-
nucleotides KD3-487, KD3-471, and KD3-472 (Table). The polymerase used was
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The synthetic signal sequence was synthesized by PCR amplification

using oligo- nucleotides KD3-487, KD3-479, KD3-480, KD3-481, and

KD3-482 (Table) and puReTaq polymerase (Pharmacia, Peapack, NJ,).

PCR conditions included heating th& reaction to 95C for 4 minutes and

then cycling twenty times at 95C for 1 15 minute, 60C for 30 seconds, 72C

for quRéTiae (Rvksmedb\Peamsde NibnRER zonddionsuinclisied eatig to 95°C for 4

terminlLereHr eparss eAigesiian Vigsdesibandminak, TERC33P meedms 72°C

f t -purified and ligated into plas BN026tht
oI P IR G248 AR Bl Rholc R SBCHITS, lderiprind were

wasreemedl pNBHRBEON TwithreRstt rervXsplonthe e38is Hra getiiffragteidngas gel-
o RIS TR SR S B D QUIRDACIRRE IS DI ARRRARPRIGE ted with

era e t the transl ted protein in frame

protsth g@aa@meymé%ﬁwa iplasigistevas namet elRNORS sidigaPNA and protein

seqdgnenus ey snoesized#igure @R amplification with oligo- 25
nucleotides KD3-513 and KD3-514 (Table). The polymerase used was

puReTaq (Pharmacia, Peapack, NJ,). PCR conditions included heatingto
95 Herhaimangesvthribapensgiginekseauance 958 synthesizridydteRiengufication

SeGARADIdSd PBOMBLIR- @&W%%@%@K@Hﬁg@@d&@ﬁ% ¥ of the 5’ end
minutes. The termini were pre- pare% igestion Wlth Nhﬁﬁ% %}' 4977 q
330 kSRR AAERREENE R é{ﬂ%& QPR d an

pPNRNS3AB5HAauhia2p deLpilgnendaigestedsvithRehed §RtadtasfiaT Reapack, NJ,).

feSHtgﬂ%Bl%%@%m%a&ﬁ;ﬁgﬁﬁ%;ﬁ PhMhaRd BraeiResg Simes at

are snown in sequence was s nthésized

PC@@&%@F%EXE@MQN@H"Q@?S %ﬁ%@&.@@ﬁwmut@e‘ dbyyan extension
KDé”'r#ZQdT&h“lﬁ)r mwmermms%wqﬁé@rw By e dfinamtasiet and Xhol.

PCR diti I C for4 m
oy G SRR AL TPERE A SO oot e i B oz tra
Minee gel+pwét¢db§aramchgeetmio4wtat%tmﬁ iji niineiresuliing pigamgd was named
Wer BXpRAreth 8 YHfiA dﬁr&gm BsthRrdsheb dhsvad pair

fragment was gel 5 purified and ligated into plasmid pNBN026 that was
gel-purified and digested with Pstl and Xhol. The resulting plasmid was
narBedrmplBM220HOhe dliNAaasteptioieen sequences are shown in Figure
13. The human growth hormone signal sequence was synthesized by

PCR amplification 10 from plasmid pV30 (a pUC-based plasmid
corfeiRrgGAé eelfonreecBiRyisphe irarsiarpedhwiiuRNA §PeHRRISSIRGIRINING the

gerﬁﬂ) R@B&HBM@H@W‘I’HE&& tﬁ@:‘lﬁ@ﬁZelléPa' Hizll\’ﬁﬁdsﬂﬁé@i#&’d(iéabiet%bntam the
o T R TR AT IR e o e
at mfdeeﬂcnbm@tenmtesfdhe@*s%m,e72®faeqbﬂﬁﬂmtéuwm@ewwlaﬁ the frt
eXt@ﬁéﬁQﬂlasmid pOG44 encodes the Flp recombinase gene. Cotransfection of these
plasmids into A1 cells resulted in the insertion of a single copy of the signal-peptide-
neublastin fusion genes and DHFR into the chromosome. A1 cells were electro-
porated with the plasmid of interest plus plasmid pOG44 under conditions consistent
with those described by the manufacturer (i.e. 0.4 mm cuvette, 280 volts, 950
microFarads)(BioRad, Hercules, California). Transformed cells expressing DHFR
were selected for their ability to grow in alpha-minus medium Minimal Essential
Medium-Alpha without nucleosides (Invitrogen, Carlsbad, CA) supplemented with

10% dialyzed fetal bovine serum (Hyclone, Logan, UT). Approximately two weeks
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15 at 72C for four minutes. The termini were prepared by digestion with
Pstl and Xhol. The 330 base pair fragment was gel-purified and ligated
into plasmid pNBNO026 that was gel-purified and digested with Pstl and
Xhol. The resulting plasmid was named pNBNO031. The DNA and protein

. sequences are shown in Figure 14. 20 Example 12: CHO Cell

TrataiéectionsiGHED Golatesl isndenxppreied inlly Ingestoessstswitth©sgmne selection
SeOHRRRR, CUNBIMDG el RreRMAING i fRres! (TEXi(M splSIndihisd.

Al host cell line does not contain the dihydrofolate reductase gene

(DHFR) and is thus DHFR-minus. Each of the plas 25 mids described
encEdampie 3HARaYSIS of ErarsieletzithGellibingsne, plus the frt site.

Plasmid pOG44 encodes the Flp recombinase gene. Cotransfection of

. these plasmids into Al cells resulted in the insertion of a single copy of the

sigrizelpistisrndidalprayeherssieangsios el eMibrRirrsRIasTRrsplasHm&liquots of

Al callsparpiisrelesirocriaiedueith thpiagend of issperstidldsiBlagsMd conditioned
pOG44 under conditions c%nsisis{ent 30 with those described

i th
el 7 R VB 25 (R0 bRl bt the
Herogldis, aliftraiap!T palisforwaea paiicesgiefsingddiedR and rdeselieciegl electro-

for theiFRRIIEY %%@\MJQ%}W&B@H% %@Q%Mf&@&rﬁx@%‘e@u@ubel et al., supra).

Medium-Alpha without nucleosides (Invitrogen, Carlsbad, C
supHRIRSHBRIGHER TosleaitapbatPiistalt RN YR A-BIERRbIqiiRthANto a PVDF
UT méApbransrsicpioveadvedtksraBbilatelycloliaativerans alidied agwinst neublastin.

expanded into,. | essels | e tion mediym. ures .
or R TR CoRARR SRR oSl 2 ol Aot poly-
Anatigsial siiipgRdte @eaiugatedingd horepmdiskaeamridasenBieRade diasgules, Cali-
for fapif=ability to express neublastin. Aliquots of suspension cell cultures

were centrifuged to separate cells from conditioned medium. The

conditioned medium was removed from the cell pellet and both the media
andittudede bxrkesert fopr piasvit fenceding dbeanduliasiirsypibelitr atbomin, and

PhorERiSPG- R RMYRNY BRdS Srta s RRIAI desFIRRdHA HSsBR A eublastin

al., supra).” Upon completion of electrophoresis, the proteins were )

eledir 0GR PRIRLTRBIORTE QRIS SRVEHY PO BT ARE RMBINRERRIGRignal pep-
antigéssThoaieest agrinesseell bkstiablé Hevelitibb gt dtitagtirconditpdead medium.
wasdetect j t antj-raphbit - Nnji conjugat :
i T ST S 8 SRR A SN SRR Bohsisent
exprébser foh pladramine meibianios mlRgltn, synthetic, albumin, and

human growth hormone signal peptides each expressed immuno-reactive

nor R 4] BERUAT RS Nt saaced i D fovels of

neublastin in conditioned medium.
Neublastin was purified from conditioned medium using an immunoaffinity column,
generally as described (Ausubel et al., supra). The amino-terminal sequence was
determined from protein purified from cell lines containing the albumin and growth
hormone signal peptides. Neublastin was applied onto a micro TFA filter (Applied
Biosystems, Foster City, CA) and subjected to automated Edman degradation che-
mistry. Amino ferminal sequencing was performed on an ABIl Procise 494 se-
quencer. The resulting PTH amino acids wer separated using an ABI 140C Micro-
gradient system equipped with a PTH C18 reverse-phase column and analyzed
using an ABI 7785A absorbance detector. For both constructs, the primary protein
sequence began with the first residue of 104-amino acid C terminal fragment of full-
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The electrophoretic mobility of all expressed neublastin polypeptides was
consistent with an 11 kD, 104-amino acid form of neublastin. Example 14:
Sequence of Neublastin Produced in CHO cells 25 Neublastin was
purified from conditioned medium usfhg an immunoaffinity column,
generally as described (Ausubel et al., supra). The amino-terminal

sedeegite Neablagiite rtien calarine)protsinnsuliasitrGierariipr LXBMasemgnith the
the RUMIRGRDHILOWE RN OpRIIR Skl iRentidesaNeshiagid Wasicapitbstin C

e f'“%#é’d’ AT RTUALAE W59 Al o g acd

secfuencmfgmablpsinfo@agdmwvah ABBI E’Iam:m 494beth qpaseserthEheignal peptide
feSMH%ﬁJ&Q"é‘Hﬁ%&Q& Wer ﬁ?&ﬁ%ﬁgslﬂﬁ”ﬂgl%b&%le]ﬁgscs%%%d from the cell

gradient system equipped with a PTH C18 reverse-phase column and
ana@)ddhe signgl RRPAiEe wasAeaued yaheeaktector. For both constructs,

the primary protein 35 sequence began with the first residue of 104-amino

aci Ctermlqgl nto fuII E% nﬁ%laﬁ%h eblalqnlne) The

neu )fagﬂ% prepara |on xpresse e growth hormone S|gnal peptide
also included a 103-amino acid neublastin C terminal fragment lacking

therainfee- iesobiRalR BB HRdidERed Rrodkmamine @6|ﬂl|ﬁ@§%6ﬁtammg constructs

TR R S8 O RPN il L bz by et

fromake epcaosttpy signal Pdptideesnspictuatiey (Wabak, BliHorg)eMA) as de-
Ma§§ri§88 AESHY R RERRIaRRFNCHBIARHR LOHHIPEI RS WPIASHP - eak of de-

from conditioned medium of the cell lines containing consfructs enco

theQGRIALE PRAIRR ROTRDPRIIRAAP rRpIRIEaTIRS ARk RedbisP e Peptde

Magsi§RectB)STRESANE HhHa mﬁm@mﬁmmﬁera@%atmawfo@ Mé\)leublastm
as de- scriped enerall nufacturer, For.bot ructs

B L
acueefhlemamnqikvlyﬁ@pw@cmlq@gbr@qmysmh@%@t@sfmmlqﬁﬂptmfected with

fungpaagkas éﬁﬁ@dﬂ@eﬁeé@asﬁhﬂa B8Ry bb?f@W?n PRbYRRAdS; dcontained

from the cell and the signal peptide was cleaved by the cell. Additionally,
the ‘GRRABEIXERIPABEblastin secreted from cells transfected with
constructs encoding neublastin and growth hormone signal, peptide

conigiiag) & A6 MR OSPS Nl XS A LRy t“r‘ﬁt"ﬂﬁbﬂfe{\'%ﬁSt@Ho Cells

Activity in Media From CHO Cells Transfected With Constructs Encoding
NedFrasiacked Wit GRpsiYTy ﬁ&acg@qaeﬂeeyzstma&.dé?%mmgwasslgna'
as®sgaendes g a kinase receptor activation ELISA (KIRA).

‘Biological activity was assessed using a kinase receptor activation ELISA (KIRA).
The method has been previously described (Sadick et al., 1996, Anal. Biochem.,
1996. 235(2):207. Briefly, NB41A3-mRL3 cells, an adherent murine neuroblastoma
cell line which expresses Ret and GFRa3, were plated at 2 x 10° cells per well in 24-
well plates in Dulbecco’s modified eagle medium (DMEM), supplemented with 10%
fetal bovine serum, and cultured for 18 hours at 37°C and 5% CO..

The cells were washed with PBS, and treated with serial dilutions of neublastin in
0.25 mL of DMEM for 10 minutes at 37°C and 5% CO,. Each sample was analyzed
in duplicate. The cells were washed with 1 mL of PBS, and lysed fdr 1 hour at 4°C
- with 0.30 mL of 10mM Tris HC1, pH 8.0, 0.5% Nonidet P40, 0.2% sodium deoxy-
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The method has been previously described (Sadick et al., 1996, Anal.
Biochem., 1996. 235(2):207. Briefly, NB41A3-mRL3 cells, an adherent
murine neuroblastoma cell line which expresses Rat and GFRa3, were
plated at 2 x 105 cells per well in 24%%ell plates in Dulbecco's modified
eagle medium (DMEM), supplemented with 10% 30 fetal bovine serum,

anccholrige $0otM SNaburd dt BINE badvS oM phersdmsdraipashdgoride while
witlhy SR rSEEGERIE DIatER. SeRa! %@%&E%%@SH |1.'z§'teg %?'ﬁébégted plpettlng

10 t 37C 5% CO2, Eac I
dupmdasé’rmﬁ'é”ﬁ RO IR URTE R (Cof "Lﬁ’aiﬁé%ﬁ”ay dpad been
at 4Gab&dwiith GG/ mIL aff adikRdt TAHEA, GH7S3) (Oslatsl GintkxthRdidgy, Waltham,
0. ZI%A?rﬁﬁetlﬁﬁl ﬂw&%%ngwmﬁeﬁoﬁﬂ%%aﬁ’ g %MM%\G%A'aljrﬁn%n blocked at

pheny sulfonyl fluoride while” gentl rockln(? the plates. The lysates
T ETRSGRANA TR DRNSNHI A PR S5 RS AP, 150 mi

trangerred. ﬁ@/ﬁ%@reu&usemIaéﬁtmﬁmbaﬁ/baennamtﬁmvger&méﬁd_m bovine
antl Ret mﬁ\)b r§1 A.GE7.3) (Upstate Biotechnology, Waltham, 5 MA) in 50

M CalbShate buﬁer pH 9.6 at 4C for 18 hours and then blocked at room
temperature for one hour with block buffer (20 mM Tris HC1 pH 7.5, 150

MNVARIRS hoflrd G hegsstie? AT Berh)ieRIpaiRinG 1 WM A ERO URRIRGT Wlimes with
and 3% bavine serum albumin). 10 Af%r 2 hours of |§r%bathn at room

oYL RS Flete 7S DR LSRN BARSION Bl P By benzidine
wasliitedraghioridefofdterditiiti arolof 3c2ichsi; tetrwimhyébealmbnwere read at 450 nm

EERYISHIEALSIAR SPUal A SR ARG IAGCRlU5S WEIRgRRAPbomected

450 nm from wells treate e or lysis buf er and th
badignalinasiipiérdeas %%&F‘%@@Iﬁ@ﬁ‘ﬁ%ﬂzﬁrﬂﬁﬁtﬂfﬂfﬁ%é‘%d for stimulation.
concentration of ligand used for stlmulatlon 15 A series of dilutions of
congditioned me m was test tional ne tin detected .
BSOS & (RO hIRNEHNER R ol houotestn
expwesswepiedfw arfoifoRiedar denaEnresipuEly @@mptmeemm@flrﬁublasﬁn

E&éﬂ%@'eﬁﬂéﬁxe%ﬁ&em@m‘we%m@m igyal Peptide

Appropriate oligonucleotides can be produced according to the method
described in Example 9, to clone a DNA sequence encoding a mature
neUhtanstpl i1 : MbidrE NenblastiirEgpreased fwithea dtbterlbipais fignal Peptide
DNA sequence encoding a signal pep 25 tide from rat albumin or human

growth hormone can be fused to the DNA sgg;ence encoding a mature

neUMAEIRTIBis\YEphHe erlides capde RiadksAthReardingdRmMetpibAggcribed in
careRantisie e tieelontonmnkasyatiererll cadpdindkiMAete ivcppisbiice(ke. a 113 C

secreted ture n All referenc d herein are
mcoerf)o'rnaq(?fa g?%'lnn t?y?rﬂfleep tce? ?H iaétrg ?‘rety('&rs %nge(t%n?odmgaagnal pep-

pubilitsationsrahalpamemier bupkte greysiblibationseareany periuseiiiy fegdpbifceequence

encoding a mature neublastin polypeptide as described, in Example 10. The DNA
sequence can be transfected into a eukaryotic cell, e.g., a CHO cell, to produce a
secreted mature neublastin.

All references cited herein are incorporated herein by reference in their entirety. To
the extent publications and patents or patent applications incorporated by reference
contradict the disclosure contained in the specification, the specification is intended

to supercede and/or take precedence over any such contradictory material.
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contradict the disclosure contained in the specification, the specification is
intended to supercede and/or take precedence over any such

contradictory material. 80 Many modifications and variations of this

invention can be made without depditing from its spirit and scope, as will

be apparent to those skilled in the art. The specific embodiments

desiiaby drivgititations affer oariationsydbiteisdnysietionigambearaadst witkeuit departing
10 BRHMIENG R 3Ry E‘L%e'té"'s ipipBdesd Parbih e SRBSHiRIIE RN XATPIRSspecific

be 5 considered as exemplary only, with a true scope and spirit of the

invEmRATRRE FRACIRS H%Wé“cﬁiﬁngﬁ%r%%waig SRS |BNnd are not
TYI?rFe@E&(bBIII?ﬁ'l@Q\ImI ahyoy) Hum imedR g8 & MeskeyificBtigSéhd examples be

Mar P P Pig I 7 .
seq?rjgel?wacgeg(r) c %%Xr?ﬁﬁgﬁﬁ&%%ﬁ%u%gr@éff% %@&@ﬁﬁ}&?%%@ﬂ%@ being
trariBeigatest ISHTE ARiINS-7 20 9 P Chimeric protein encoded by SEQ ID No

8 and 7) 10 P Human pre-pro Neublastin 11 P Mouse pre-pro Neublastin

12 5@{&&%§ Neublastin 13 P Mature Human 116 amino acid (aa)
4 P Mature Human 113 as Neublastin 15 P Mature mouse

11 Lﬁb’a I;g P Malpe pwsrofl 6 as Neublastin 17 P Mature
rat 116 as Neublgstin 18 P Maplfgfinl 13 as Neublastin 30 19 P
N-tmincated human 104 as jyepbiasiiey20 P N-truncated human 99 as
Newplastin 21 PfN-truncatggdmrimambieias Neublastin 22 P N-truncated
hurdan 106 as Neublastin 233 Mdusecated human 102 as Neublastin 35
24 B Human NBR-SP 25 P id&8iaBigNBN140

6 P 1gSP Rat

7 N Nucleotide sequence of chimeric mouse IgSP-human
113 NBN construct

8 N Spliced transcript of SEQ ID No 7

9 P Chimeric protein encoded by SEQ ID No 8 and 7)

10 P Human pre-pro Neublastin

11 P Mouse pre-pro Neublastin

12 P Rat pre-pro Neublastin

13 P Mature Human 116 amino acid (aa) Neublastln

14 P Mature Human 113 aa Neublastin

15 P Mature mouse 119 aa Neublastin

16 P Mature mouse 116 aa Neublastin

17 P Mature rat 116 aa Neublastin

18 P Mature rat 113 aa Neublastin

19 P N-truncated human 104 aa Neublastin

20 P N-truncated human 99 aa Neublastin

21 P N-truncated human 140 aa Neublastin

22 P N-truncated human 106 aa Neublastin

23 P N-truncated human 102 aa Neublastin

24 P Human NBN-SP

25 P deltaproNBN140

26 P deltaproNBN113

27 P deltaproNBN106

28 P deltaproNBN104

29 P deltaproNBN102

30 P deltaproNBN99

31 P Chimeric mouse IgSP -human 140NBN protein

32 P Chimeric mouse IgSP -human 113NBN protein

33 P Chimeric mouse IgSP -human 106NBN protein

34 P Chimeric mouse IgSP -human 104NBN protein

35 P Chimeric mouse IgSP ~-human 102NBN protein

36 P Chimeric mouse IgSP -human 99NBN protein

37 P Rat albumin signal peptide

38 P Chimeric rat AIbSP -human 140NBN protein
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26 P deltaproNBN113 27 P deltaproNBN106 28 P deltaproNBN104 40
29 P deltaproNBN102 30 P deltaproNBN99 31 P Chimeric mouse IgSP
-human 140NBN protein 32 P Chimeric mouse IgSP -human 113NBN

~ protein 33 P Chimeric mouse IgSP 8human 106NBN protein 45 34 P

Chimeric mouse IgSP -human 104NBN protein 35 P Chimeric mouse
IgSB9-human 10PNBN prot&hinddip rehiipsit-hionge 14 SRBINpretein
99NEN protein $7 P Rat alghifmerisigaihlbsiticumer1CNRi I eRimIbSP
-huffan 140NBNprotein SICHEIEH] ﬁ@%{hﬂ“ﬂ%ﬁ HINRRPisRBN
prot&in 40 P Chimeric rat Wrﬁl% N B Imeric

rat AfbSP -humajy 104NBNHEREHC 'ﬁ%ﬁ‘l@a é@%’jﬁw Rifan
102)BN protein 5 43 P Chigje { b X fejn, 44 P
Mogied rat albupnn 3|gnal(§ﬁ~m ?& %E}% man
14Q/¥BN protein p6 P Ch'”@ﬂﬁméﬂi@%@ﬁlﬁsbwmﬂa%l‘?d%ﬁﬁwmm 47Pp
Chipgeric ModAlpSP -humaghi@ehBMNdratssr 1euasal {OaNENiSrotein
MogdIbSP -humpan 104NBICHiroéeit M RIESRrericav o GANEDPprbtginan
10Z29BN protein 50 P ChinthimédicdAdad3 B SFuman 800888 b mtdain 51 P
Huftan growth hBrmone sidhiahpegidetbherbng eidodd pepiiddiuman

Dl—

1468BN protein P15 53 P ChiliileericGHISP -humeam HONGBNPisigiain 54 P
Chferic GHSP Ehuman 10@N@ﬁ"ﬁr@ﬂéﬁ'f° saupah NN Rinhuman
Chitheric GHSP it uman 99 @5‘@%’[‘\!
ng ot 60 N
lastin sequgnce withi N ARRretid Eggenc
Sy@@etlc SP- Syqthetic 104Y&NAHAIEABR nucleotide sequence

1084BN protein 56 P Chi e Er%’fétﬂ"m P
nu ZOtld sequenge 59 N

60 N Neublastin sequence within plasmid pNBN026-35

61 N Chimeric Synthetic SP- Synthetic 104NBN nucleotide
sequence

62 P Chimeric Synthetic SP- Synthetic 104NBN protein

63 N Chimeric NBNSP- Synthetic 104NBN nucleotide
sequence

64 P Chimeric NBNSP- Synthetic 104NBN protein

65 N Chimeric AlbSP- Synthetic 104NBN nucleotide sequence

66 P Chimeric AIbSP- Synthetic 104NBN protein

67 N Chimeric GHSP with intron- Synthetic 104NBN nucleotide
sequence

68 P Chimeric GHSP- Synthetic 104NBN protein

69 N Chimeric ModAlbSP- Synthetic 104NBN nucleotide
sequence

70 P Chimeric ModAIbSP- Synthetic 104NBN protein

71 N Primer KD3-464

72 N Primer KD3-465

73 N Primer KD3-466

74 N Primer KD3-467

75 N Primer KD3-468

76 N Primer KD3-469

77 N Primer KD3-471

78 N Primer KD3-472

79 N Primer KD3-477

80 N Primer KD3-479

81 N Primer KD3-480

82 N deltaproNBN113 nucleotide sequence
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sequence 25 62 P Chimeric Synthetic SP- Synthetic 104NBN protein 63
N Chimeric NBNSP- Synthetic 104NBN nucleotide sequence 64 P
Chimeric NBNSP- Synthetic 104NBN protein 65 N Chimeric AlbSP-
Synthetic 104NBN nucleotide sequenceg30 66 P Chimeric AlbSP-
Synthetic 104NBN protein 67 N Chimeric GHSP with intron- Synthetic
104NBN nucleotide sequence 68 P Chimeric GHSP- Synthetic 104NBN
pr&t@igo N Chimeric ModAIbSP- Synthetic 104NBN nucleotide 35
sequence 70 P Chimeric ModAIbSP- Synthetic 104NBN protein 71 N

Pri KD3-464 72 N Pri D3-465 73 N Pri KD3-466 40 74 N ..

orimeh RIBOR A Sroisniiecs RiEokaly AN BRI eanp o tde, comprising

Primer KD3-471 78 N Primer KD3-472 45 79 N Primer KD3-477 80 N

Primer KOs, 81 PRBHIRS 400 R AL SRR BHHATIE it aci
for produci

sequence 82 Claims 1. A metho n a_biolo%:al y active
NeublastfPPERHESRIBrUBRIBriSHA S RREFRPY dBliebirpridiHgeqtide sequence
expressi@meadityy e sigrialngeptide|@indaad neabigstsingaypeptidderwherein  said

Seq“enc%%%&ﬁgéy UiRAdR 8AUGISPUAS, SRS a&ﬂ,cggi_[}gg%ﬂgnal

peptide and a neubﬁa tin polypeptide, wherein said nucleotide’sequence
does not encode a neublastin pro-region. 10 2. The method according to

clam thavhrtab thecsiand) Reptide i5, avheteroipgalignsl Peptieenside héterologous
The method acggrding to claim 1, wherein the signal peptide is a

sgpal pePl <) .
mammalian® signal peptide. 15

3. The method according to claim 1, wherein the signal peptide is a mammalian

signal peptide.

4. The method according to claim 3, wherein the signal peptide is a human signal
peptide, a rat signal peptide, a mouse signal peptide, a porcine signal peptide, a
simian signal peptide, a canine signal peptide, a feline signal peptide, a bovine

signal peptide, or an equine signal peptide.

5. The method according to any of the preceding claims, wherein the signal peptide
is selected from the group consisting of a growth factor signal peptide, a
hormone signal peptide, a cytokine signal peptide and an immunoglobulin signal
peptide.

6. The method according to claim 5, wherein the signal peptide is selected from the
group consisting of TGFB signal peptides, GDF signal.peptides, IGF signal
peptides, BMP signal peptides, Neurotrophin signal peptides, PDGF signal
peptide and EGF signal peptide.

7. The method according to claim 5, wherein the signal peptide is selected from a
hormone signal peptide, said hormone being selected from the group consisting
of growth hormone, insulin, ADH, LH, FSH, ACTH, MSH, TSH, T3, T4, and
DHEA.
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4. The method according to claim 3, wherein the signal peptide is a

human signal peptide, a rat signal peptide, a mouse signal peptide, a

porcine signal peptide, a simian signal peptide, a canine signal peptide, a
feline signal peptide, a bovine signal peggide, or an equine signal peptide.

20 5. The method according to any of the preceding claims, wherein the

signal peptide is selected from the group consisting of a growth factor

signall pepngtcd aeiending {yAaipeptivaergivytorisiora RERiestigeaanigterieukin
an imgyHPelsiidén signal peptide. 25 6. The method according to claim

5, wherein the signal peptide is selected from the group consisting of

TGFF3 signal peptides, GDF signal. peptides, IGF signal peptides, BMP
si§nallpepueibodNececiinptirckigmal phetieloshe Bigriggntideisptdectatdrom the
EGF ?Bﬂﬁl E’@rﬁgf%gggﬂn?-lmﬁm\egi@?jaﬁ‘ﬁ%@ﬁﬂf@,g@DN?'@&&W 8istifeiNBersephin

signal peptide is selected from a hormone signal peptide, said hormone

being SHaLRERYASHAIENSPE LA O-RNES: of growth hormone, insulin,
ADH, LH, FSH, ACTH, MSH, TSH, T3, T4, and DHEA. 3583 8. The

m ' im &, wherein the sighal peptide. is.an interleyki
ciga] TSP N T IR SRR 280 Bl om the
peptidEq4rsepssising Shathemingrigng eerirsingastiird iplaHmiEigignal peptide, and
peptidgofal Norisitgiasigantisptirrysephin  signal peptide, and NGF signal

peptide. 10. The method according to claim 1, wherein the signal peptide

is selected from the group consisting of albumin signal peptide, modified
aldinfihesimatiqskeatedingdtol dajrovidh wbenesn thsiginiad ositide lig selested from

MethqragRAIS BN GIYNarLt WIRIAIA GHignalopad RePIASRies IR BHIRR signal

the group consisting of rat albumin signal peptide, modified rat albumin

signaP$RSEa AN g mam APy 8 T MR S i RIFE piHED &5 RLRIMin signal
albunpepdide ahdl bupegoiideatid Hunmame giigndhpleptitmne signal peptide. 12.
The method according to any of the preceding claims, wherein the signal

peptide is a synthetic signal peptide, such as a signal peptide contained
in SEQhpMethodracersding to any of the preceding claims, wherein the signal peptide

is a synthetic signal peptide, such as a signal peptide contained in SEQ ID NO:
70.

13. The method according to claim 1, wherein the signal peptide is an

Immunoglobulin Signal Peptide.

14. The method according to claim 13, wherein the signal peptide is selected from
the group consisting of mouse IgSP (SEQ ID NO 4), rat IgSP (SEQ ID NO 6),
porcine IgSP (SEQ ID NO 5), simian IgSP (SEQ ID NO 2 or 3), human IgSP
(SEQ ID NO 1).

15. The method of claim 13, wherein the IgSP is mouse IgSP (SEQ ID NO 4).

16. The method of claim 13, wherein the IgSP is human IgSP (SEQ ID NO 1).

17. The method according to claim 1, wherein the signal peptide is a native
Neublastin signal peptide.
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13. The method according to claim 1, wherein the signal peptide is an
Immunoglobulin Signal Peptide. 14. The method according to claim 13,

wherein the signal peptide is selected from 25 the group consisting of

mouse IgSP (SEQ ID NO 4), rat IgSP ($gQ ID NO 6), porcine IgSP (SEQ

ID NO 5), simian IgSP (SEQ ID NO 2 or 3), human IgSP (SEQ ID NO 1).

15. The method of claim 13, wherein the IgSP is mouse IgSP (SEQ ID NO

4Y1830hesEHw thethowing dapiains | iihehelrithhegsimad peplide R8s PaBEQOUMan

ID NQd)piétin RRyraepedqccording to claim 1, wherein the signal peptide
is a native Neublastin signal peptide. 35 84 18. The method according to

claim 17, wherein the signal peptide is a native human Neublastin signal
pestideeldeTioe raethatihgctortin g tdtenpretauingreleédmgrtiarsis, the neublastin

whergig }'ﬂé‘p’ﬂ@é‘%@i@cé@ﬂ?@%@?@é@&%@g@gr{éo@ HRPFEONBN selected from

consstmgﬁof mature NBN selected from  Neublasting having a sequence

identiEHPARSHRANA YRGS FoUERESIEENfiiad 5187 HICaRAMIS dcld9 Pf1aBEQAD No

SEQ 10, e drhins 22idSEQ4D HNSEQ, IDINDSI 1.6y 1Z, SEQSID\NErsinadly15, 16, 17
truncated N mutated NBN, ar ted and, N-tryncated , NBN, 1 .

The G S st eated (A AR NI SE Rl and fdruncatec
NBN NigMcted from the group consisting of neublastin having a sequence
identified by SEQ ID No 13, 14, 15, 16, 16, 17, or 18). 15 21. The method

f claim 20, whereip t blasti tide is h 113NBN
I T S A e R R § Y v
1-19, selestethfthen theldrtagiinopsigtieg id eésHektictbdvingra tsengemep identified by
consigt@@ @‘ N}?ﬂs}@@’l g,Oﬁrq%iyn{:\}’a(gpi acids of human neublastin, the

115 C-terminal amino acids of human neublastin, the 114 C-terminal
amino acids of human neublastin, the 113 C-terminal amino acids of
hurmanheewehsinotiotaibd 2 -igersial tagimeubistinofolypesti@esilasiam mature

the 1”&(&5% ?ﬂwoo%?ids of human neublastin, the 110 C-terminal
S of human neub

amino aci astin, the 109 C-terminal amino acids of 25
human neublastin, the 108 C-terminal amino acids of human neublastin,

thesl GheCriiAyBaLamBaMECts A wnanRa eredagiy Baiko f1ermiRdlein the
B e DIos (16 05 1 B TN 355 ne 116 c-
terminal amino acids of human neublastin, the 115 C-terminal amino acids of
human neublastin, the 114 C-terminal amino acids of human neublastin, the 113
C-terminal amino acids of human neublastin, the 112 C-terminal amino acids of
human neublastin, the 111 C-terminal amino acids of human neublastin, the 110
C-terminal amino acids of human neublastin, the 109 C-terminal amino acids of
human neublastin, the 108 C-terminal amino acids of human neublastin, the 107
C-terminal amino acids of human neublastin, the 106 C-terminal amino acids of
human neublastin, the 105 C-terminal amino acids of human neublastin, the 104
C-terminal amino acids of human neublastin, the 103 C-terminal amino acids of
human neublastin, the 102 C-terminal amino acids of human neublastin, the 101
C-terminal amino acids of human neublastin, the 100 C-terminal amino acids of

human neublastin, and the 99 C-terminal amino acids of human neublastin.

23. The method of claim 1, wherein the neublastin polypeptide is selected from the
group consisting of N-terminally truncated Neublastin with the 106, 104, 102 or
99 C-terminal amino acids of SEQ ID NO 10.
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C-terminal amino acids of human neublastin, the 103 C-terminal amino
acids of human neublastin, the 102 C-terminal amino acids of human
neublastin, the 101 30 C-terminal amino acids of human neublastin, the
100 C-terminal amino acids of human nggiblastin, and the 99 C-terminal
amino acids of human neublastin. 23. The method of claim 1, wherein the
neublastin polypeptide is selected from the group consisting of
N-terminally truncated Neublastin with the 106, 104, 102 or 35 99

Céﬂfmﬂ@hﬂ%@_@@&%iﬁ@%@a!ﬁ% N,Q/ﬂ&eﬁﬁstr?énéﬁtﬁ‘emﬂ%ﬁ@@ﬁﬁﬂgil%gselected
to claim 1, wherein the neublastin o}%gefﬂgeég selectf)d from the,gé]ou h

consiil P STPHE CRBRRING Ao adife SHTMAA AIBRSARGhee! human
113 Cweirtastit athénd 12cidserhinamhamimeubadsimfthemod Gsubkastimnéie 104 C-
aminQRGHs O B HiAS WP RS RN, His frl a8 B gl R AS S Rlo acids

human neublastin. 25. The method of claim 1, wherein the N-terminally
truncQd'NB0LISLEIRHES the amino acid sequence of SEQ ID No 19. 10
26. The method of claim 1, wherein, the N-terminally truncated Neublastin

C%.ajﬂnse tﬂ%tggda Bgi@%i%(:iﬁjsvﬂ{e%‘:tr(\g tlw% 'I\\llge?r%%ﬂ' -Iipuen%?etfnsqge% Fellglm has the
1, wherein the neublastin polypeptide comprises an amino acl
sequeéitiaQl agidespirérn@RintRAtIEENR 1183 of SEQ ID No. 14, wherein the

variant neublastin polypeptide includes one or more of the amino acid
supstijutions selected from the group, copsjsting of: an amjnq acid other .
A SHG TR AR L e NGB A e oD MR RRgp contains
polyptEife ammamiits atBESHEr MeaAGarginine at position 39 in the amino

acid sequence of 20 said variant polypeptide, an amino acid other than
arﬁinine at position 68 of said variant polypeptide, and an amino acid
ot

&r Tihsrmaribarhgh AR dodiherPbsias netllostmRPYBRANS R ARG AN amino
the pesidossqobaaiddunved scidsaatmonaciseseth B cfceEQIADANOVIA theherein the

I j f .14 2528 Th d im 27. _
R T s T e R A

methSdRRitsant t6lemgdbfram frecrany erapiidingffran geinedsidiether than
plasmigyidhe @t PositBathadRgROEM b ia a8 & iBRRrecedind/shiM pokibeptide,

wherein the, vector,is tha v'gijs vector. 31 Thetmet%)d %cordingxto adsrg%of ¢
the pratBIPAsiheGhaIaTh NS /) Restt Amiafan B pressahience °
vectosaid variant polypeptide, an amino acid other than arginine at position 68 of said
variant polypeptide, and an amino acid other than asparagine at position 95 of
said variant polypeptide, wherein the positions of said amino acids are

numbered in accordance with the polypeptide sequence of SEQ ID No. 14,

28. The method of claim 27, wherein said substitution at position 14, 39, or 68 is
lysine.

29. The method according to any of the preceding claims, wherein the vector is a

plasmid.

30. The method according to any of the preceding claim 1-28, wherein the vector is

a virus vector.

- 31. The method according to any of the preceding claims, wherein the vector is a

mammalian expression vector.
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86 32. The method according to claim 30, wherein the vector is a
replication-defective lentivirus particle. 5 33. The method according to
claim 32, wherein said vector particle being produced from a lentiviral
vector comprising a 5' lentiviral LTR, a tgdNA binding site, a packaging
signal, a promoter operably linked to a polynucleotide signal encoding
said signal peptide and said neublastin peptide, an origin of second strand
DNA synthesis and a 3' lentiviral LTR. 10 34. The method according to
ClagnHd WhRIINd NRSHOhI S8R SEE vHErSING &R RIS ICRNPIEHNERbn-defective
retrovirus, such as ,—IIV, SIV, FIV, EIAV, AAV, adenovirus, herpes virus,
and NRSKARYS 5'°The method according to any of the preceding claims,
wherein the promoter is selected from the group consisting of: ubiquitin

Progneie! LMY PLREIR I8 IR BP GRS RIP IR CEEJRE%&HBH produced
Factor 1 alpha promoter (%Fl-alpha), chick beta-actin, PGK, and MTC-Jl.

20 36TeRARAHYEPLYESIrEPBREISIRG BuSwiRBHNiFRIHe! Frofh dRAVASkIRding site,
inducpalekegimg ssiplal, 1 pradietesoissralsly Tinkédrto EepdBifiucleotide signal encoding

Sgcpoar%qggtlgﬁ;%ﬁéwﬂ405%@8596 ’A\ééé?rg{ir’q B8 S oddR B strand DNA

_ e preceding € ereir the cell is a
mamsatiaesisoztealB dentimialméthod of claim 37, wherein said mammal
is selected from the group consisting of rodent, rabbit, dog, cat, pig,

. human being. 30 39. The method of claim 37, said ce|l hei
Cote i PGB R SRL B RS THER BB D SO PD o oroup
RN33tmnsistingnal cefisyifostalicblas ARPEIVO FivhrathalidetMiladssiasirus, herpes

cells, G4 € Ldhigdi epG2, Retinal Pigment Epithelial (RPE) cells,
striatal cells, neurons, astrocytes, interneurons. 35 40. The method

according to claim 39, wherein the cell is a CHO cell. 87 41. A nucleic
achd crivepristhodaaeotyrding eotiiey sfghense iyl itlgimsigireriathdepandoter is

i id in. sai lypucleoti
ancod S e o B L e Ok, v

( peptide and said neu
peptidEomeIein Py stnaiarafjortaliom S ade. 42alpha mierepiescigr 1-alpha),

accorghig etdaddid P oXMHisN1g-a) the nucleotide sequence of SEQ ID
NO: 64, 66, or 68, or b) a nucleotide sequence encoding the polypeptides

of SEQ ID NO: 65, 67, or 69. 10
36. The method according to claim 34, wherein the promoter is an

inducible/repressible promoter, such as: Tet-On, Tet-Off, Rapamycin-inducible
promoter, Mx1, and RU486.

37. The method according to any of the preceding claims, wherein the cell is a

mammalian host cell.

38. The method of claim 37, wherein said mammal is selected from the group

consisting of rodent, rabbit, dog, cat, pig, monkey, human being.

39. The method of claim 37, said cell being selected from the group consisting of
CHO, HEK293, COS, PC12, HiB5, RN33b, neuronal cells, foetal cells, ARPE-19,
immortalised fibroblast cells, C2C12, HelLa, HepG2, Retinal Pigment Epithelial

(RPE) cells, striatal cells, neurons, astrocytes, interneurons.

40. The method according to claim 39, wherein the cell is a CHO cell.
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43. The nucleic acid according to claim 41 or 42, wherein the nucleotide
sequence has been optimised for expression in a mammalian host. 44.
An expression vector comprising the nucleic acid as defined in any of
claims 41- 15 43. 45. A pharmaceutical ggmposition comprising the vector
as defined in claim 44 and one or more of pharmaceutically acceptable
adjuvants, excipients, carriers and/or diluents. 20 46. An isolated host cell
transduced or transfected with the vector as defined in claim 44. 47. The

celjagcardiew tecrladbhifisiMhergiplyRecialtitfeas Brpetoalaitsaihg A5stfhal peptide

The mammalap cell accarding, o iaim 47, wherely the colliscapable ot
secreﬁng RIGL?bl%.Sﬁ OP&¥BH% |or1a\fveq |vaer'1 t%eyeoﬁn 'moun Il’l]'1C S

excesyopds0a mebEGtie hsseedionr saBsihal peptidenandlisgicceéublastin peptide

accorgiigqtaCHinméy irlkPsindbeelsiatied flipm the group consisting of CHO,
HEK293 COS, PC12, HiB5, RN33b, immortalised fibroblast cells, C2C12,

HelLa, HepG2, RPE cell lines, and ARPE-19 cells. 50. The mammalian
celizadderdingdio alsitmadso tigigdgaselaitted froomiprésipp ap ti3d muristitdegsetjuence

CHO, CRS. apd ARPE-19. T i _
accorgﬁn%%?c zla?im&??c‘?, %%’in%gseﬁc%igd%}?or?w)ltﬁe%er(g%%ﬂygnaé%}fq%ﬁg? hgoding the

cells, PRiyPSAEIRE M SRBAGhHBRDRER @, stem cells, and foetal cells.

5 52. The mammalian cell according to claim 47, being attached to a

su matrix.. 53..A packaging cell line capahle of prodycin infective
e P R e, A e e AL P AR SeBuence
genorhasdeeapsiingieed fenmpiressionLim R matrRNidiriay site, a

packaging signal, a promoter operably linked to a polynucleotide

sequence encoding a signal peptide and a neublastin polypeptide,

WHETENR SXRIFRTPEORFCESGUBNIENE S8 Pt RIR@SiL 38 ElIBREIEhany of claims 41-
pro-re¢gon and said signal peptide and nueblastin peptide being as

defined in any of claims 1-40, and an origin of second strand DNA
synthesis, and a 3' 15 retroviral LTR. 54. The packaging cell line ‘
acterdimyMISRHISS! GATBPERloR SReRShar it RCtRE AR dRbReddf i@, 44 and
20 S5oRéeopadisrging ¢ HhaReEREINGiEPRIBIOAUNEHRIN BIRIBRAMN arriers
is Ientivi(rﬁlly ,

and/or diluents.
46. An isolated host cell transduced or transfected with the vector as defined in

claim 44.
47. The cell according to claim 46, wherein the cell is a mammalian cell.

48. The mammalian cell according to claim 47, wherein the cell is capable of
secreting Neublastin or a functional equivalent thereof in.amounts in excess of
500 ng/10° cells/24 hours.

49. The mammalian cell according to claim 47, being selected from the group
consisting of CHO, HEK293 COS, PC12, HiB5, RN33b, immortalised fibroblast
cells, C2C12, Hela, HepG2, RPE cell lines, and ARPE-19 cells.

- 50. The mammalian cell according to claim 48, being selected from the group
consisting of CHO, HEK293, COS, and ARPE-19.
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derived and the LTRs are lentiviral. 56. A transgenic non-human mammal
comprising at least one cell being transduced or transfected with the

vector as defined in claim 44. 25 57. The mammal of claim 56, wherein

the at least one transduced or transfecte$ cell comprises the genome of

the mammal. 58. An implantable cell culture device, the device

comprising: 30 i. a semipermeable membrane permitting the diffusion of a
growth factor therethrough; and ii. at least one isolated host cell as

deginethin maMMGaﬁ&eﬂheodemnegofmlamnB@Mherﬁ@ gbtected from the group

Sem'p %ﬂﬁlfe Pk BRane 'ﬁeﬁ?oHa”%%Pso'%lﬂB%réﬁ SpBr%cﬁpsom&lgeég%&%‘:eéls, and

clalm e semlbermea e meémbrane Is microporous
deV|cé06faiI9th$56 wherein the device further comprises a matrix
disposed 5 within the semipermeable membrane. 62. The device of claim

the d urth h U f the
P e R e BRI N B R
52 or the device according to any of the claims 58 to 62 as a medicament.

6 | | | |
Y S AT 'gfﬁfﬁ%%ﬁﬁ%@f’ﬁ%%ﬁ” g, i

prepafSHiah RATYCI EofRR G 3Ry tﬂ%’H?Sﬂ&%ﬂ%ﬁ%’W&é}%a 5' retroviral
qlsordﬂrR;LE GRNARsndhegositdaunpad k sghey es iy iak ammsteysiaenaﬁlsqndmrd to a
IS Se'%%ﬁ?ﬁJé%%ﬂ?ee QéﬁHBn %”Sé%&%% Rg;npe?'pa e ;%h%%th%‘!{%'%d'%ublasun
neuro IC pain, spinal cora Injury, s roo avuI tic doloreaux _

and cRO¥ARREIO0EEFResaid 'alé@éﬂﬁ'ﬁfg $6UaNAeE300mhaRtigRRRde a neublastin

medi?@%ﬁl&fgh@ﬁaﬁﬁéﬁﬂaﬂb@&tﬂ@ ave ﬁ@&ﬁfﬁ@tﬁ%ﬂ@e@éﬂ%ﬁlbs defined in
wounds and ulcers retinopathies. 67. Use qf t accordin ,
Cloim 3 Ble SR R A A A § B REo E37, HRAISYRGec: and a 3
accorgitrg\ipahhy Rf claims 58 to 62, for the preparation of a 25

medicament for the treatment of a CNS disorder. 68. The use according to
claim 67, wherein the CNS disorder is a neurodegenerative disease. 30
6P HEERABK ! {INe RSFCHIA 0 SEY e SRRT G B8 eVREtOr Particle is
periphepditatiedrdgfathiyéncluding neuropathic pain. 70. A neublastin
polypeptide comprising a signal peptide and a neublastin polypeptide,
wherein the polypeptide lacks a neublastin pro-region.

55. The packaging cell line according to claim 53, wherein the genome is lentivirally

derived and the LTRs are lentiviral.

56. A transgenic non-human mammal comprising at least one cell being transduced

or transfected with the vector as defined in claim 44.

57. The mammal of claim 56, wherein the at least one transduced or transfected cell

comprises the genome of the mammal.

58. An implantable cell culture device, the device comprising:
i. a semipermeable membrane permitting the diffusion of a growth
factor therethrough; and

ii. at least one isolated host cell as defined in claim 46.

- B59.The device of claim 56, wherein the semipermeable membrane is

immunoisolatory.
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3590 71. The polypeptide according to claim 70, wherein the neublastin
polypeptide is fused to the signal peptide. 72. The polypeptide according

to claim 71, wherein the signal peptide is linked 5 through its C-terminal

to the N-terminal of the neublastin polypgptide through a peptide bond.

73. The polypeptide according to any of the preceding claims 70-72,

wherein the signal peptide is a heterologous signal peptide. 10 74. The
polypeptide according to any of the preceding claims 70-73, wherein the
sigoairpepiitkcisdsidpfinedimeeinahthseniparméab@ riembnanealy pagriagderous.
according to claim 74, wherein the signal peptide is selected 15 from the
group of signal peptides selected from native rat albumin signal peptide,
mBdificte @ dnsLPhp1ain P8, pdisial, hedrMsRfVGREIVERRBFIsRMAa Blgtiid disposed
peptigaihi® theecrmhepeREER aseRiIskaK0 any of the preceding claims

73-75, wherein the 20 signal peptide is a Neublastin signal peptide. 77.

The polypeptide according to any of the preceding claims 73-76, wherein

theé2 sigreatipepti dé daiam 3§ SPheaBin the device further comprises a tether anchor.

63.

64.

65.

66.

67.

68.

69.

70.

Use of the vector according to claim 44, the cell according to any of claims 46 to

52 or the device according to any of the claims 58 to 62 as a medicament.

Use of the vector according to claim 44, the cell according to any of claims 46 to
52 or the device according to any of claims 58 to 62, for the preparation of a

medicament for the treatment of a nervous system disorder.

The use of claim 64, wherein the nervous system disorder is selected from the
group consisting of peripheral neuropathy including neuropathic pain, spinal cord

injury, spinal root avulsion, tic doloreaux, and causalgia.

The use according to claim 63, wherein the medicament is for the treatment of

an eye disease, such as corneal wounds and ulcers, and retinopathies.

Use of the vector according to claim 44, the cell according to any of claims 46 to
52 or the device according to any of claims 58 to 62, for the preparation of a

medicament for the treatment of a CNS disorder.

The use according to claim 67, wherein the CNS disorder is a

neurodegenerative disease.

The use of claim 64, wherein the neurodegenerative disease is peripheral

neuropathy including neuropathic pain.

A neublastin polypeptide comprising a signal peptide and a neublastin
polypeptide, wherein the polypeptide lacks a neublastin pro-region.
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71.

72.

73.

74.

75.

76.

77.

90

The polypeptide according to claim 70, wherein the neublastin polypeptide is
fused to the signal peptide.

The polypeptide according to claim 71, wherein the signal peptide is linked
through its C-terminal to the N-terminal of the neublastin polypeptide through a
peptide bond.

The polypeptide according to any of the preceding claims 70-72, wherein the
signal peptide is a heterologous signal peptide.

The polypeptide according to any of the preceding claims 70-73, wherein the
signal peptide is as defined in any of the claims 1-40.

The polypeptide according to claim 74, wherein the signal peptide is selected
from the group of signal peptides selected from native rat albumin signal
peptide, modified rat albumin signal peptide, and human growth hormone signal
peptide.

The polypeptide according to any of the preceding claims 73-75, wherein the
signal peptide is a Neublastin signal peptide.

The polypeptide according to any of the preceding claims 73-76, wherein the
signal peptide is an IgSP.




