WO 2006/023781 PCT/US2005/029637 NEUBLASTIN VARIANTS Cross Reference To Related
Applications This application claims priority from provisional application number 60/602,825, 5 filed
August 19, 2004 and provisional application number 60/694,067, filed June 24, 2005. The entire
content of eastooftliege7prior applications is incorporated herein by referenB€TR20efireey7 Technical
Field 10 The invention relates to protein chemistry, molecular biology, and neurobiology. Background
Neublastin, also known as Artemin and Enovin, is a 24-kDa homodimeric secreted protein that
promotes the survival of neurons of the peripheral and central 15 nervous system such as
dopaminergic neurons (Baudet et al., 2000, Development, 127:4335; Rosenblad et al., 2000, Mol. Cell
Neurosct., 1S(2):199; GenBank AF1202f4)pTRegene greading neublastin has been cloned and
sequenced (Roseblad et al., 2000, Mol. Cell Neurosci., 15(2):199; Balch et al., Neuron, 21:1291).
Neublastin is a member of the glial cell line-derived neurotrophic factor (GDNF) 20 ligand family. At
the cellular level, GDNF membersagtivatedhe reeepie.iosingikingse, RET. RET associates with a
co-receptor, GDNF family receptor alpha {GFRalpha), a glycosylphosphatidyl inositol (GPI) linked
membrane protein thil gipividasigans specificityrfopReifiordupticRalpmasibee KHOWRE25,
(GFRalphal-4). .Neubl 'né%i s to GFRal %t Wi | rnary signaling
complex525 ( 53 élrgéltq%?gz (gégﬁg\?é?gbsrlﬁépr@?t% 5@%%%%?%%E§yg%ﬁ%%%€ﬂﬁ%uron, 21:1291), which
is localized pFedoPiriity Shaoticeptivensefisery dailhesaTorapRECaES BEFPTRRIHES. Neurosci.,
13(11):2177)h9;%q%q%g{9&(§§§%€&@%and injury. Thus, neublastin has clinical application in the
general treatment of neuropathy and more specifically in the treatment of neuropathic pain. 1 WO
2006/023781 PCTIUS2005/029637 Neublastin and the other GDNF family members are members of

the transforming growth factor beta (TGF betay sypgrfarilyand thus, are characterized by the

presence of . _ ' '
10 The invention relates to protein chemistry, molecular biology, and neurobiology.

‘Background

Neublastin, also known as Artemin and Enovin, is a 24-kDa homodimeric
secreted protein that promotes the survival of neurons of the peripheral and central
15 mnervous system such as dopaminergic neurons (Baudet et al., 2000, Development,
127:4335; Rosenblad et al., 2000, Mol. Cell Neurosci., 15(2):199; GenBank AF120274).
The gene encoding neublastin has been cloned and sequenced (Roseblad et al., 2000,
Mol. Cell Neurosci., 15(2):199; Baloh et al., Neuron, 21:1291).
Neublastin is 2 member of the glial cell line-derived neurotrophic factor (GDNF)
20  ligand family. At the celluiar level, GDNF members activate the receptor tyrosine
kinase, RET. RET associates with a co-receptor, GDNF family receptor alpha
(GFRalpha), a glycosylphosphatidyl inositol (GPI) linked membrane protein that
provides ligand specificity for RET. Four GFRalphas are known (GFRalphal-4).
Neublastin binds to GFRalpha3 together with RET forming a ternary signaling complex
25  (Baudet et al. 2000, Development, 127:4335; Baloh et al., 1998, Neuron, 21:1291),
which is localized predominantly on nociceptive sensory neurons (Orozco et al., 2001,
Eur. J. Neurosci., 13(11):2177). These neurons detect pain and injury. Thus, neublastin
has clinical application in the general treatment of neuropathy and more specifically in

the treatment of neuropathic pain.



seven conserved cysteine residues with similar spacing which form the structure of a cysteine knot
(Saarma, 1999, Mierose. Res. Tech.., 45:292). Each monomer contains two 5 disulfide bonds that
form a closed loop structure encircling the third disulfide to form a tight knot structure. The seventh
cysteine cont¥RSAMRBFPEach monomer forms an intermolecular disulfide B&AETENER R linking the
monomers to form the final dimer product (Rattenholl et al 2000, J Mol. Biol., 305:523). TGF beta
family members are synthesized as pre pro proteins that eventually are 10 secreted as a mature
homodimer after cleavage of the signal peptide and pro-domain (see e.g. Rattenholl, et al., 2000, J.
Mol. Biol., 305:523; Fairlie et al., 2001, J. Biol. Chem., 276(20):16911). Both the signal peptide and
pro-domain mediatE qusipeinsect eitostfar GDOE Hetdl fansiptrrs misersiRent v it ternsforsnes, J. Moi.

Biol., 305:523; Rattenholl et r {9GheMhuL 6832300t UBMRNprebheséention is
based, at Ie%?ngb)a%ﬁ?)cr)r%%e@%%g%@gt%@u%lasﬁn binds to h%pari sulfate[ an hat particular

amino acid resicluesnisirrs RietbisstR Hi5 PR e RABTHE T d BIRAISGEVERT Substitution of
selected amippaeidiesidussmas Jound:20.da decrease HEpAL). Hindingdnpwarieorthiaubrastin
polypeptides and increase bioactivity . and bioavailability of. 2054 I QNeRshestnthe invention
features’a p&ﬁﬁgﬁ?ol%o’&i% %%%éma%%?ﬁ?%(?’ A ié%%ﬁ%ﬁ%é%%% ?sﬁgt least 80% identical to amino

acids 15-113ighiSEQ $Du@e], Wewimtthe st aerinsdqushiac Rt LBEHHE amino acid
substitution. fglafiysia RERIAONE Loselestoditany e Gigup-eensisting 6 niamino acid other
; .

than arginine at the position corresponding to position 48 of SEQ ID NO:1 (e.g., the arginine is
substituted mﬁ%h&%ﬁ’é’é}% g(}niﬁ(%ﬁéig f ‘sigé}se‘ h as glutamic acid); (i) an amino acid
other than arginine pGHB:ROSItIGK sefbspondinglicpositionddnst SREIND hadeerEgllstA¥ arginine is
substituted with a non-conservative aming éxegjglgg%%g%fs&gg@agé%gmigﬁq%%@gg ({#ean amino

acid otHdr thﬁ%"%ﬁ%lnﬁ‘ﬁg at reepggfﬁon corresponding to position 51 of SEQ ID NO; 1 (e.g., the
arginine is substRateglwithet sloAWSdeHalitéiohnitd Fdd e b BosYs sflﬂzc?’f@ézoos/ozgﬁ?,?
276(20):16911). Both the signal peptide and pro-domain mediate proper secretion for
TGF beta family members (Rattenholl et al., 2000, J. Mol. Biol., 305:523; Rattenholl et
al., 2001, Eur. J. Biochem., 268:3296).
15
Summary

The invention is based, at least in part, on the discovery that Neublastin binds to
heparin sulfate and that particular amino acid residues in the Neublastin polypeptide
contribute to this binding event. Substitution of selected amino acid residues was found

20  to decrease heparin binding by variant Neublastin polypeptides and increase bioactivity
and bioavailability of the variants.

In one aspect, the invention features a polypeptide containing an amino acid
sequence that is at least 80% identical to amino acids 15-113 of SEQ ID NO:1, wherein
the amino acid sequence contains at least one amino acid substitution, relative to SEQ ID

25 NO:1, selected from the group consisting of: (i) an amino acid other than arginine at the
position corresponding to position 48 of SEQ ID NO:1 (e.g., the arginine is substituted
with a non-conservative amino acid residue such as glutamic acid); (i) an amino acid
other than arginine at the position corresponding to position 49 of SEQ ID NO:1 (e.g., the
arginine is substituted with a non-conservative amino acid residue such as glutamic acid);

30  and (iii) an amino acid other than arginine at the position corresponding to position 51 of

SEQ ID NO:1 (e.g., the arginine is substituted with a non-conservative amino acid



residue such as glutamic acid). The polypeptide, when dimerized, binds to a complex containing
GFRalpha3 and RET. In some embodiments, the amino acid sequence contains amino acids other
than arginine at the positions corresponding to position 48 and position 49 of SEQ ID NO: 1. 5 For
example, the‘é{%?t‘lﬂﬁg?%7§{jue at position 48 and the arginine reside at positi%%%@%?@é@% NO:1 can
be substituted with non-conservative amino acid residues (e.g., glutamic acid). In some embodiments,
the amino acid sequence is at least 90%, at least 95%, or at least 98% identical to amino acids
15-113 of SEQ ID NO: 1. 10 Also disclosed is a polypeptide containing amino acids 15-113 of SEQ ID
NO:2, amino acids 15-113 of SEQ ID NO:3, amino acids 15-113 of SEQ ID NO:4, amino acids

15-113 of SEQilDN®IGaghinoscitsd 5 tdJysRidD Wosglisedamh Ry #5MRSf SEQ ID

NO:9. In some %ﬂ@gg@%ﬁh@eﬁ@mﬁde contains amino acids 10-113 of SEQ ID NO:2, amino
acids 10-113‘0? EQ’ID NO:3, amino acids 10-113 of SE%?ID 15 NO:4 aminod%%g‘%r]fgé%m of SEQ ID

NO:5, amino acids PSS i B BBOARN SCIRAS A BTEED @E‘&aﬁﬂ n some
embodiments;dhenpetypeplisie aentainspthdiagninpoaitidséd aehpesti@EQ ¢DSRQ B Hfe:amino acid
sequence of SEQ ID NO:3, the_aminog.acid.s Rl 2EQ AR NG4eLe amingdsidseguence of
SEQ ID O:g? fr%a%lﬁ%fihég S@f?gé%%?ﬁ};%% té’%égcg%’% ﬁo:s, or t%%.lam?ng acidgt?e ui:-nce of SEQ ID
NO:9. 20 AlsBRfisBIGEd isea belypPeptiied BiRapEPBIFEIG HeiSedtantd st &8st 80%, identical to
amino acids %ﬁé&&g@@gQ ID NO:1, wherein the amino acid sequence comprises at least one amino
acid substituti

on, relative to SEQ.ID NO: 1, selected,from the gr cansistin gg' Qg AN amino acid
other than serine at#9BoSHBA @p@ﬁ&fﬁlgnotgcb%%? gﬁnfalgfa%qg%ﬁtcl%ﬁ@&tlge.é., the serine is
substituted wighsaosohidansel vativeRbaaitirio-atidofedSiduE iPdn amino acid other than glutamine at

the posiipn correspgnding. 10 pORItion 21,86 FEQWRMNE: G dactie18lstanainero sphsttated with a
non-conservative amino acid residue); (i) an amino acid other than hisjﬁéqg)%t theIPos(i;Ei(r@Sn
correspondingmiecpsisiada-3p30tSEQ 1D N&r3: o avisthibtidite 95 ¥l d Witk ‘& non-conservative
amino acid regidye)s £y} @NIMDS asidrethenihan aginsieQ@IE PGsitiomcorresgohdiht36 to position

3301 SEQ DA (el hE-arin s sin S04 feRRRRRCHAY GoRmiBo sighresidue); (v)
an amino acid othet %??‘a ’élﬁ?ﬁ%gﬂ‘%% b%%rfﬁén cgrrggpgnglng
SEQ ID NO:2, amino acids 10-113 of SEQ ID NO:3, amino acids 10-113 of SEQ ID

15 NO:4, amino acids 10-113 of SEQ ID NO:5, amino acids 10-113 of SEQ ID NO:8, or
amino acids 10-113 of SEQ ID NO:9. In some embodiments, the polypeptide contains
the amino acid sequence of SEQ ID NO:2, the amino acid sequence of SEQ ID NO:3, the
amino acid sequence of SEQ ID NO:4, the amino acid sequence of SEQ ID NO:5, the
amino acid sequence of SEQ ID NO:8, or the amino acid sequence of SEQ ID NO:9.

20 Also disclosed is a polypeptide containing an amino acid sequence at least 80%,
identical to amino acids 15-113 of SEQ ID NO:1, wherein the amino acid sequence
comprises at least one amino acid substitution, relative to SEQ ID NO:1, selected from
the group consisting of: (i) an amino acid other than serine at the position corresponding
to position 20 of SEQ ID NO:1 (e.g., the serine is substituted with a non-conservative

25  amino acid residue); (ii) an amino acid other than glutamine at the position corresponding
to position 21 of SEQ ID NO:1 (e.g., the glutamine is substituted with a non-conservative
amino acid residue); (iii) an amino acid other than histidine at the position corresponding
to position 32 of SEQ ID NO:1 (e.g., the histidine is substituted with a non-conservative
amino acid residue); (iv) an amino acid other than arginine at the position corresponding

30  to position 33 of SEQ ID NO:1 (e.g., the arginine is substituted with a non-conservative

amino acid residue); (v) an amino acid other than arginine at the position corresponding



3 WO 2006/023781 PCT/US2005/029637 to position 39 of SEQ ID NO:I (e.g., the arginine is
substituted with a non-conservative amino acid residue); (vi) an amino acid other than serine at the
position corresponding to position 46 of SEQ ID NO:1 (e.g., the serine is substituted with a
non-conservath2Aif378kid residue); (vii) an amino acid other than argininB&Y & \S3SmeH
corresponding to 5 position 68 of SEQ ID NO: | (e.g., the arginine is substituted with a
non-conservative amino acid residue); (viii) an amino acid other than glycine at the position
corresponding to position 72 of SEQ ID NO: 1 (e.g., the glycine is substituted with a non-conservative
amino acid residue); (ix) an amino acid other than serine at the position corresponding to position 73
of SEQ ID N@; bdsitipn HfeosSHEIR didhstiumdhwitheininsriscoRsBisivE BRI IO HET 188 due); and (x)
an amino acid other thanyalineah thepasiion conssnandinmia: pesiinniod @SRRI O: | (e.g., the
valine is substituted with a non-conservative. amino acid resldug . .'[Qe goly&e g@gﬁ‘%haenqig merized,
binds to a coRfsiERTHNELiRfg %ﬁﬁ@aﬁp@?a%’m%?.lﬁﬁ‘g’gﬁgt%m odiments, the amino acid sequence
is at least 90%; @fedams;A0H) araaiilenstiaSthddbaticaticmmirtbearielt abcoU8sppSEG 1O NO: 1. 15
Aiso disclosed i<, olvBeRidasaRAINg. an amiAR.AAY SeGHENLAAkleAR RSk JdaRtcal 1o SEQ 1D

NO: 1, wheref & B iR ac sequence comprises at least one amino acid substitution, relative to
SEQ ID NO: Iyrssleetitiéddnah éviidap sonsisaiodieriPan shyfinth s BastioteT SFBMNE&t: the
position correspRRAIRY 19 AASHPNY SRR DINGIyL(Rgs, s migiting issubstituted ity a
non-conservative amino acid rg?,idue such as §§ Iutt%ﬂ% aclild)ét(t?%ea% 8 Oigg()@%%gﬁlaﬁ{otggn arginine
at the positioATEBI?@STREME o HLERBARE G ég TONO ., the arginine Is stibstittited with a
non-conservaibétiamsnor &t Es0el uch, de ghutasricsabitued Vi) RPaTPRRECEEH GAB han
arginine gt the gosition corresRANding o RASHIAG HholaER O Phditeleothrp¥igitineds substituted
with a non-conservative’amino acid residue such as glutamic acid). The 25 olgg)eg)ttlde, when
dimerized, bimdsiteoderhBRS BOMQHiNE & theaiphne st P BV E AR BB HTRENTs, the amino acid
sequence is g i6ast90%siatdsash9pUypepaide astd8dimdtiendidahts SERQJIDHING cdnthenivention also
features conjugates containj olypeptide described herein conj to. a.n rally occurring
polymer. An e%%?b‘i]&?% %W i gnaygv% ee}mgo 1men%s, ﬁile amin ac‘?ﬁ‘léé%é%ge%@t 19&[&%‘%,%@

least 95%, or at least 98% identical to amino acids 15-113 of SEQ ID NO:1.

15 Also disclosed is a polypeptide containing an amino acid sequence at least 80%
identical to SEQ ID NO:1, wherein the amino acid sequence comprises at least one amino
acid substitution, relative to SEQ ID NO:1, selected from the group consisting of: (i) an
amino acid other than arginine at the position corresponding to position 7 of SEQ ID
NO:1 (e.g., the arginine is substituted with a non-conservative amino acid residue such as

20  glutamic acid); (ii) an amino acid other than arginine at the position corresponding to
position 9 of SEQ ID NO:1 (e.g., the arginine is substituted with a non-conservative
amino acid residue such as glutamic acid); and (iii) an amino acid other than arginine at
the position corresponding to position 14 of SEQ ID NO:1 (e.g., the arginine is
substituted with a non-conservative amino acid residue such as glutamic acid). The

25  polypeptide, when dimerized, binds to a complex containing GFRalpha3 and RET. In
some embodiments, the amino acid sequence is at least 90%, at least 95%, or at least 98%
identical to SEQ ID NO:1.

The invention also features conjugates containing a polypeptide described herein
conjugated to a non-naturally occurring polymer. An exemplary polymer is a water-

30  soluble synthetic polymer such as a polyalkylene glycol (e.g., polyethylene glycol).



30 soluble synthetic polymer such as a polyalkylene glycol (e.g., polyethylene glycol). 4 WO
2006/023781 PCT/US2005/029637 The invention also features a fusion protein containing a
polypeptide described herein and a heterologous amino acid sequence. The invention also features a
dimer containing twa/eftisa polypeptides, conjugates, or fusion proteins desedbadivesairme37The
invention also features a pharmaceutical composition containing a polypeptide, dimer, conjugate, or
fusion protein described herein and a pharmaceutically acceptable carrier or excipient. Also disclosed
is a nucleic acid containing a sequence that encodes a polypeptide described herein, an expression
vector containing the nucleic acid, and a cell containing the 10 expression vector. Also disclosed is a

method of making apolypeptide, the:method inalding thecsalloning. SsRs-thdyawdinga cel

containing an expression vector containing a nucleic acid encoding a polypeptide described herein,
and (ii) cultufirtpEende terelogsRidiie fskt SEEftexpression of the nucleic acid. 15 The invention

also features a methagd g tieatingsorfgraventiagmmeneissystent dispodgretidanammal by
administering to the mamrglal a therape gis%%J{}é(?ﬁgr%tjﬁ/e amount of a polypeptide, dimer, conjugate,
fusion proteiﬁ?&"ﬁﬁ?ﬁmcgceﬁl ic r?:omposmon escribed herein. The invention also features a method
of treatingy neuropatfile paveniica sranfrriarde PradAsiseeliPRIIBCMER SPRARI2Etherapeutically

effective am%@%) @;cpeolm@a}ié&-ggmaror%mtu@%ﬂs@am@m b plagaieatiedmposition
described herein. The iﬁve_ntion aI]s.o, features a method of activating the RET receptor in a mammal by
administerin@?ﬁ%%&ﬁﬁfél‘ﬁﬁ%&%e amount of a polypeptide, dimer, conjugate, fusion protein, or

pharmaceutical cor_rmxasiti(sm_dgﬂdbeﬂd]e‘reénimwtainidgam%@m_fe@béG{md;’&_rmlmﬁf&stin _
polypeptides deserioed herein, s al evdave desisazeikirericbiaciag ablifassempaied to wid

type Neublastifi. Decréased heparin binding results in a decreased clearance of the variant
polypeptitle irxgvession vector.

Also disclosed is a method of making a polypeptide, the method including the
following steps: (i) providing a cell containing an expression vector containing a nucleic
acid encoding a polypeptide described herein, and (ii) culturing the cell under conditions that
permit expression of the nucleic acid.

15 The invention also features a method of treating or preventing a nervous system
disorder in a mammal by administering to the mammal a therapeutically effective amount of
a polypeptide, dimer, conjugate, fusion protein, or pharmaceutical composition described
herein.

The invention also features a method of treating neuropathic pain in a mammal by

20  administering to the mammal a therapeutically effective amount of a polypeptide, dimer,
conjugate, fusion protein, or pharmaceutical composition described herein.

The invention also features a method of activating the RET receptor in a mammal by
administering to the mammal an effective amount of 2 polypeptide, dimer, conjugate, fusion
protein, or pharmaceutical composition described herein.

25 An advantage of selected variant Neublastin polypeptides described herein is that
they have decreased heparin binding ability as compared to wild type Neublastin.
Decreased heparin binding results in a decreased clearance of the variant polypeptide
in vivo.

A variant Neublastin polypeptide having substitutions at amino acid positions 48

30  and 49 was unexpectedly found to have greatly deceased heparin binding ability and

greatly increased potency and bioavailabilty as compared to single amino acid mutants



A variant Neublastin polypeptide having substitutions at amino acid positions 48 30 and 49 was
unexpectedly found to have greatly deceased heparin binding ability and greatly increased potency
and bioavailabilty as compared to single amino acid mutants 5 WO 2006/023781
PCT/U52005/8296&6/asd/or wild type Neublastin. For example, the double myignt wasiiound to
exhibit an approximately 185-fold increase in serum exposure as compared to wild type Neublastin.
In addition, this double mutant was found to exhibit an over five fold increase in expression in vitro as
compared to wild type Neublastin, thereby facilitating large scale 5 production of the protein. The
advantages and unexpected properties of the variant Neublastin polypeptides allow for treatment of
sublects using, et dasestaisigitandinalian farapathensd-niaalsheliaen.adiministiations
(as compared to treatments with the wild type protein). Unless otherwise defined, all technical and
scientific termAPpREEHEFEIr frafel dHecretr s Hnte e SRR ER ESITRAT thad SIS UARBF ordinary
skill in the art 19 aahigbrihiss inventienbatorgsioflih eughve thoseeandafatetiatssinilar or equivalent to
those described herein.can be used in the practice of;testing of the present | i exemplary
methods and ThRISTIAS Are deseribed %g?ﬁfv?wa@ aﬂﬁc?ggﬁ%iﬁg%’g'%leeﬁ% 3%% f(ﬁ};%{ngsﬁ]%%ﬂg%gtge and other
references memibrdidrhed din pradincorporated by reference 15 in their entirety. In case of conflict, the
present application, igludna defiii@nseiil Caialerae anaietialseinosiagd spamales are
illustrative only and not intended to be limiting, Other features and ad an@gg; oéthe inve(ption will be
apparent fronfHe& fBTlgﬁﬂHﬁeab?ﬁi?@‘B]%%Eﬁﬁﬁgdﬁ‘,’v%‘aoﬁ%rﬂftﬁ’é)% P BRI A DS S IBERT of the
Drawings Fig.idtésvaR héignmentafigidtigpe (hucoam{SE Q a0y ithcbsw {8 B@elproi@®).11), and
rat (SEQ ID NO: 12)pre proNenblagtin aeivpsplides. tag teftand dahls yerisatlngs jadigate,
respectively, the start of the mature 113 armino and 104 amino acid 25 forms. The RRXR heparin
binding Abtif ReexeeRIRg 23 AcHpRAY anderard SaBh Prombapsiil ipisastis adish (bsak D) and

invention belongs. Although methods and materials similar or equivalent to those

described herein can be used in the practice or testing of the present invention, the
exemplary methods and materials are described below. All publications, patent
applications, patents, and other references mentioned herein are incorporated by reference

15  in their entirety. In case of conflict, the present application, including definitions, will
control. The materials, methods, and examples are illustrative only and not intended to
be limiting.

Other features and advantages of the invention will be apparent from the
following detailed description, and from the claims.

20
Brief Description of the Drawings

Fig. 1 is an alignment of wild type human (SEQ ID NO:10), mouse (SEQ ID
NO:11), and rat (SEQ ID NO:12) pre pro Neublastin polypeptides. The left and right
vertical lines indicate, respectively, the start of the mature 113 amino and 104 amino acid

25  forms. The RRXR heparin binding motif is boxed.

Fig. 2A depicts a cationic elution profile of wild-type Neublastin (Peak D) and
three single Arg-to-Glu substitution mutants (Peaks A, B, and C) (sloping line represents
the theoretical sodium chloride concentration for any given volume eluted from the
columm). Data are a representation of the OD280 values of the eluted sample.

30 Fig. 2B depicts a Heparin Sepharose elution profile of wild-type Neublastin
(Peak H) and three single Arg-to-Glu substitution mutants (Peaks E, F, and G) (sloping



three single Arg-to-Glu substitution mutants (Peaks A, B, and C) (sloping line represents the
theoretical sodium chloride concentration for any given volume eluted from the column). Data are a
representation of the OD280 values of the eluted sample. 30 Fig. 2B depicts a Heparin Sepharose
elution profilewbwiesiypesiNeublastin (Peak H) and three single Arg-to-Glu sebstitstiosomstants
(Peaks E, F, and G) (sloping 6 WO 20061023781 PCT/US2005/029637 line represents the
theoretical sodium chloride concentration for any given volume eluted from the column). Data are a
representation of the OD280 values of the eluted sample. Figs. 3A-3B are photographs depicting
SDS/PAGE of wild-type Neublastin following anionic chromatography in the presence (2A) or absence
(2 B) of heparin. 5 Fig. 4 is a graph. icti %@@S&m GHQ cellbipdingassay.
Following SDglﬁDr,&gﬁgeanrgsd esfgr%%t%ﬁ%%&\%a%%g%%u Iél%féfgg%n wild type%g}nd Arg4SE mutant bands
were plotted &gairike dolunapaisiasheantRIssR @A ch Be RIS Hit }??sogta?a?ﬂ)‘ﬁtﬁigesﬁfgﬁ}]eg the results
of a heparin bindingrzl| SA-using:wild e uRaciNBDEIRA Gl fpaditypeN NBM1i04, Arg48E,
Arg49E, Arg51E, and Arg48, 49E. 10 Fig. 6.is.a graph depjgti alysis of wild
type rat NBNIYS VRGBT ,%fgﬁ(gﬁ%ﬂ%aﬁ&%}natna%ﬁ%ﬁﬁ Q%égg%\l%gdg %23%?\1[1 epicting the results
of KIRA analysis of Hidd4ype sraphatepitobastinsalitiof episwbdrstin (et ¢#iihiéieati@stin (113 amino

acid form). Fig 78 is Agsapineapiciing.the-hesy! o 0fsIRA analysnafiwidype bhmaizdts Neublastin,
Arg48,49E mutant human Neublastin (104 amino acid form), Arg648,5IE humap Neublastin (113 amino

( )
acid form), arBuAFgAGnsE B FRGRIH AASB ISR RPF IR TRBC A TR ) SB5G SRS graph depicting the
results of ternary complexsnalysisdepiildgyipercimar Nepbtastimdog BSE Argag R i8S E,

Arg48,49E, and Ar 1E.Neublastin  20-farms. fig,,24s & gpégiﬁtjpgﬂgpgr sultsrof ternary
complex anal%g%aolgffwi%ﬁl %;%’ew stffﬁ’l‘?slﬁrlﬁaﬁ%maﬁ\ Argb1E, Arg48,49E, an%qAr 48,49 51E

rg49E, ArgslE
Neublastih forms. @-ﬁﬁ@x@@é&?ﬂ@%ﬁh@t%‘%él@%ﬁﬁﬁ%&@éﬂﬂ@t@?%ﬁé@% wild type
Neublastin angréggﬁg&g@gglpygmgﬁm@m:?_ mg/kg subcutaneous injection

Fig. 7A is a graph depicting the results of KIRA analysis of wild type human

Neublastin and Arg48,49E mutant human Neublastin (113 amino acid form).
Fig. 7B is a graph depicting the results of KIRA analysis of wild type human
15  Neublastin, Arg48,49FE mutant human Neublastin (104 amino acid form), Arg48,51E
human Neublastin (113 amino acid form), and Arg49,51E human Neublastin (113 amino
acid form).
Fig. 8 is a graph depicting the results of ternary complex analysis of wild type
human Neublastin, Arg48E, Argd9E, Arg51E, Arg48,49E, and Argd8,49,51E Neublastin
20  forms.
Fig. 9 is a graph depicting the results of ternary complex analysis of wild type
Neublastin, Arg48E, Arg49E, Arg51E, Arg48,49E, and Argd8,49,51E Neublastin forms.
Fig. 10 is a graph depicting the results of pharmacokinetics analysis of wild type
Neublastin and Arg48,49E following a single bolus 7 mg/kg subcutaneous injection
25  (Neublastin plasma concentrations were determined using the Neublastin detection
ELISA).
Fig. 11 is a graph depicting the results of pharmacokinetics analysis of wild type
Neublastin and Arg48,49E following a single bolus 1 mg/kg intravenous injection
(Neublastin plasma concentrations were determined using the Neublastin detection

30  ELISA).



25 (Neublastin plasma concentrations were determined using the Neublastin detection ELISA). Fig.
11 is a graph depicting the results of pharmacolcinetics analysis of wild type Neublastin and
Arg48,49E following a single bolus 1 mg/kg intravenous injection (Neublastin plasma concentrations
were determingg ysipg,gNeublastin detection 30 ELISA). 7 WO 2006/023 4 RG /i a29p/029637
Fig. 12 is a graph depicting the results of pharmacokinetics analysis of 2X10K PEGylated Arg48,49E
Neublastin following a single bolus subcutaneous 7mg/kg (data presented are extrapolated down to 1
mg/kg) injection. and 2X10K PEGylated Arg48,49E Neublastin administered intravenously at 1 mg/kg
(Neublastin plasma concentrations 5 were determined using the Neublastin detection ELISA). Fig. 13
is a graph depicting relative Neublastin. expression Jevels.in CHO. cells. transfected,withplasmids
encoding wild type ’éﬁuaé:zaéstﬁl%?p r%%ﬁ%@%%ﬁé‘?s N gﬁgﬁlﬁ?%glﬁ?ct?ﬁSr?%%astll%gflj\lzggggsﬂn
expression |eREiSlattieNesthitgEATg48:40E fdberslanasiastemhsicehsttaolacémifes @il a leading

wild type Neublastin s 10-teansesiet GHA el inacBetqilad Pascoirtior Phepresentiagention provides
variant Neublastin polypepti des having substitutions at sale(l:{ed amino acid residues. As disclosed in

the accompanViRg2PE st Rtercd JREmS R Al if 8 SR BSTRa TR SREEEEe have been
found to e impertanitanbepdrip hindinglBecdussethepaliisbinding is believed to contribute to

clearance of Neublagtin g yivo, SUbsUIOns o Ane\grmats, PLIESBSPRIIE fesifisseare expected to
re

decrease heparin bin(%ng and Increase serum exposure of the variant polypeptide. 20 Variant

Neublastin Pdtypsfdetsdvethrelaminids preedingari i vippaSeblastindaiigts 4€%s in length and has the
following amino acidigequence:Ae GRRBRARAGARGLERIRSEMBY RMLGh@Rading

SDELVRFR Fgrsgglags,llcé% g\u% em?athtstlféﬁ e%t%@ 81'—%&5 Igle:iﬁ?n(e;ss allqllczl) X?e%:i)n%%l E)l-[y%g 'I:Véé{)lastin

10  transfected CHO cell line.

Detailed Description

The present invention provides variant Neublastin polypeptides having

substitutions at selected amino acid residues. As disclosed in the accompanying

15  Examples, specific residues in the wild type Neublastin polypeptide have been found to
be important for heparin binding. Because heparin binding is believed to contribute to
clearance of Neublastin in vivo, substitutions at one or more of these specific residues are
expected to decrease heparin binding and thereby increase serum exposure of the variant
polypeptide.

20
Variant Neublastin Polypeptides

Mature wild type human Neublastin is 113 amino acids in length and has the
following amino acid sequence: AGGPGSRARAAGARGCRLRSQLVPVRALGLGHR
SDELVRFRFCSGSCRRARSPHDLSLASLLGAGALRPPPGSRPVSQPCCRPTRYEAV

25  SFMDVNSTWRTVDRLSATACGCLG (SEQ ID NO:1).

Disclosed herein are polypeptides that have substitutions at one or more selected
amino acid residues of the Neublastin polypeptide. Mutations at one or more of these
residues are expected to result in a variant Neublastin polypeptide having reduced or
absent heparin binding ability as compared to wild type Neublastin. A variant Neublastin

30  polypeptide contains an amino acid substitution, relative to SEQ ID NO:1, at (i) an

arginine residue at one or more of positions 48, 49, or 51, and/or (ii) one or more of



25 SFMDVNSTWRTVDRLSATACGCLG (SEQ ID NO: 1). Disclosed herein are polypeptides that have
substitutions at one or more selected amino acid residues of the Neublastin polypeptide. Mutations at
one or more of these residues are expected to result in a variant Neublastin polypeptide having
reduced or alwenvbeasrisybinding ability as compared to wild type Neublasticosasisnizdsublastin
30 polypeptide contains an amino acid substitution, relative to SEQ ID NO:1, at (i) an arginine residue
at one or more of positions 48, 49, or 51, and/or (ii) one or more of 8 WO 2006/023781
PCT/1S2005/029637 Ser 46, Ser 73, Gly 72, Arg 39, GIn 21, Ser 20, Arg 68, Arg 33, His 32, Val 94,
Arg 7, Arg 9, or Arg 14. Unless otherwise stated, any reference herein to a Neublastin amino acid

reside by pogition number gefess 1o, ihe nymberiag obrasiduesaalatvero SEQIDANGLT5 A

Neublastin amino acid residue designated for substitution (e.%. an.arginine rles'%due atgosition 48, 49,
and/or 51) canhH® stk fed N SHIHI HELH ARV EIHRY ﬁﬁﬁ%@l& CRRGSUGIERAMIC acid) or a
conservative,giiaiae weishariduambe: detaied tine thenaedopfansihg Sxtanpids, SiPdtrution of Arg48,
Arg 49, and/ﬁQALg 51 with a non- conservative amino acid can result in a variant Neublastin
polypeptide that has reduced 10 heparin binding activity but retained (or even enhanced) Neublastin
biological activity. Exdmyblasfimamiine acidseaiducderisaaehin i@ A iaming stid TeSidte identified
herein (e.q.,g0A/gIRINS AERIdYe AL PRFTION &uS andianki)vnslbdegisasriemdcidmspartic acid,
and alanine. A biologically active variant Neublasti%}) I#/]g%gtide vazl‘hle?nrgi{ggrizgd,dlg{'m t&a 15
ternary compieid EBitamifig CRRAMRAZ UG REPS n?g oh8aR HAtds ing binding to this complex
can be used {g-evaliaienyiadixiogided, activity GovarizuteMeubta$inapdippdptdd. Bk mipRary assays for
detecting the (1L SRMAIRS RIRFIRR AOHNLCL G yaKantNeublasinRalRenide:siedlesaribed in

W000/01815°and in xample 7. A variant Neublastin polypeptide can also be assessed to evaluate its
ability t6020 trigger tiadis asTastin EHFHREICRE CHAR SRR BENGIRIe BEREHEN Activation
(KIRA) assaydesgiinechimifoampiah earvbedtsadiodassaamthsdhititidos slusiizent hiteirblastin
polype_ptide t?e!gg légearzgxllg yetsqgtlgeo astp ]:Q)OS{ l}%tlé%l Sg,ee?ng)glg 5T algiccf&dgtgﬁta%?g Qcid, aspartic
acid, and alanine.
A biologically active variant Neublastin polypeptide, when dimerized, binds to a
15  ternary complex containing GFRalpha3 and RET. Any method for detecting binding to
this complex can be used to evaluate the biological activity a variant Neublastin
polypeptide. Exemplary assays for detecting the ternary complex-binding ability of a
variant Neublastin polypeptide are described in WO00/01815 and in Example 7.
A variant Neublastin polypeptide can also be assessed to evaluate its ability to
20  trigger the Neublastin signaling cascade. For example, the Kinase Receptor Activation
(KIRA) assay described in Example 6 can be used to assess the ability of a variant
Neublastin polypeptide to induce RET autophosphorylation (See also, Sadick et al., 1996,
Anal. Biochem., 235(2):207).
In addition to the specific amino acid substitutions identified herein, a variant
25  Neublastin polypeptide can also contain one or more additions, substitutions, and/or
deletions at other amino acid positions, as detailed in the following sections.
A variant Neublastin polypeptide can, in addition to having one or more of the
amino acid substitﬁtions described herein, also vary in length. Although the mature
human Neublastin polypeptide (SEQ ID NO:1) consists of the carboxy terminal 113
30  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 permissible. Thus, a



Anal. Biochem., 235(2):207). In addition to the specific amino acid substitutions identified herein, a
variant 25 Neublastin polypeptide can also contain one or more additions, substitutions, and/or
deletions at other amino acid positions, as detailed in the following sections. A variant Neublastin

polypeptide capg kh@dditian to having one or more of the amino acid substityjepgdesanigs;herein,
also vary in length. Although the mature human Neublastin polypeptide (SEQ ID NO: 1) consists of
the carboxy terminal 113 30 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 permissible.
Thus, a 9 WO 2006/023781 PCT/US2005/029637 variant Neublastin polypeptide can contain one or

more of the amino acid substitutions .described herein in the context of t jnal 99, 100,
101, 102, 1O§?ri"6ﬁ%g}a%W4Wq§§,ci%§?%iﬁ,Oi]fl(),rﬂgl:eo%% aégri?gg ca?g%%f?%%%ﬁé%m NO:1 (i.e.,

its length can@e:2ed 100t 0 o168 of 0, ROBxyoermon! 198 00d01.11921 193104, &P*13 amino 5
acids). A variggy Nentigetvaoleepfila Ay i addilianaadiving ons sionare:gidienamino acid
es

substitutions cribed herein (and optionally having a truncation cri erein), also vary in
sequence. Incpakfc?iarl 00ei@ln Lhhin 3a&%sﬁf§stmﬁ?c}ﬁg ’C}i%bt i adL}&e(;jl i%%b%?ﬁl%%?gstin

sequence withguh appreciable loss of a Neublastin 10 biological activity. In exemplary embodiments, a

polypeptide (i) contains on re.of the aminog aci iyt ibgd heteirqand (i) is at
least 70%, 80%, 85%’@‘6%%%, %é%“% 00%58%‘?33%&%5%%%%% N%f%gr 709%, 80%. 85%, 90%,
9506, 98% ora98% ddidritatitoteminesached hersin end SRR ERING A HEReHPNETERh polypeptide

differing in sequgnce fIoWLSEQsUbR:. Ikgscifering sx sequsinoa floruiSiaminoaaits 15-113 of SEQ
ID NO: 1) may include one or more conservative anl]hinot acid s ti%létsi%@%,lgenu%ﬁghrgore
non-conservaBtadnh S eI BEIRTHB S ISR foF S b RoTe. de

e ormore deletions or insertions. Fig. 1is an
alignmend of thelyglealyehtymancmopsey antedinpnep i bwstastnDpulypéptiessorTheryeftical lines

in Fig. 1 indicate the start,of iho manra A138mBRAckh 2R o (iak vericeddinebanddi4 amino acid
form (right veﬁ'ﬁ:a]inllne oleeu%lastln. Tﬁse

95%, 98% or 99% identical to SEQ ID NO:1 (or 70%, 80%, 85%, 90%, 95%, 98% or

99% identical to amino acids 15-113 of SEQ ID NO:1). A variant Neublastin

polypeptide differing in sequence from SEQ ID NO:1 (or differing in sequence from

15  amino acids 15-113 of SEQ ID NO:1) may include one or more conservative amino acid
substitutions, one or more non-conservative amino acid substitutions, and/or one or more
deletions or insertions.

Fig. 1 is an alignment of the wild type human, mouse, and rat pre pro Neublastin
polypeptides. The vertical lines in Fig.1 indicate the start of the mature 113 amino acid

20  form (left vertical line) and 104 amino acid form (right vertical line) of Neublastin. The
RRXR heparin binding motif is boxed. This alignment of naturally occurring, bioactive
forms of Neublastin indicates specific exemplary residues (i.e., those that are not
conserved among the human, mouse, and rat forms) that can be substituted without
eliminating bioactivity.

25 Percent identity between amino acid sequences can be determined using the
BLAST 2.0 program. Sequence comparison can be performed using an ungapped
alignment and using the default parameters (Blossom 62 matrix, gap existence cost of 11,
per residue gap cost of 1, and a lambda ratio of 0.85). The mathematical algorithm used
in BLAST programs is described in Altschul et al., 1997, Nucleic Acids Research

30 25:3389-3402.

10



RRXR heparin binding motif is boxed. This alignment of naturally occurring, bioactive forms of
Neublastin indicates specific exemplary residues (i.e., those that are not conserved among the
human, mouse, and rat forms) that can be substituted without eliminating bioactivity. 25 Percent

identity betwegipangeasid sequences can be determined using the BLAS b2:0uRraEARIcHEquUEnce
comparison can be performed using an ungapped alignment and using the default parameters

(Blossom 62 matrix, gap existence cost of 11, per residue gap cost of 1, and a lambda ratio of 0.85).
The mathematical algorithm used in BLAST programs is described in Altschul et al., 1997, Nucleic
Acids Research 30 25:3389-3402. 10 WO 2006/023781 PCT/US2005/029637 A conservative

substiution is the sybstitution, of one amino aqid feranaier with.simily Sharaciadties. enservative
substitutions include SBSHEHORE Within the  fo owing groups: valine, alanine and glycine; leucine,
valine, and isttelacisleraspistics. aCiehantagia avhrtiaionnisidy WAt ignstaiiiietierine, cysteine,

and threoning;jysing srand.arginineiandkpheRyaaninaand bursineadhelawmpolasdaydrophobic
amino acids include alanine, leucine, isoleuci{agi valine, proline he}:lggl%ln tiﬂr%bt%gl??&"iw and
methionine. FHE FYl & HETHF A T8 RIS A S G B & LB fma “thrSoAme, CySlaife: tyrosine,
asparagine and glgiisiminadihenositiviely aldaygedhth Tbic hamindeabidkdpletbirearainirieids lysine and

histidine. The,negatvanchatent (eI ANIR.ASHSIRClylenRaseRlie prigrandalutamic acid. Any

substitution of one member of the above-mentlone%qfolar, basic or acidic groups by another member

of the same Grefbiswan. BBedai s« SrEBA AR BLR BTGNS HEERPAR & EliBfitutions include
those in whic{i)iac asidue-ha\ing @nt-eleciropesiivesige hain (@gicPagitdiacddd ys)idesubstituted
for, or by, an 15 electronegative residue (e.g., Glu or Asp), (ij) a raphili ' .g., Seror Thr) is
substituted fSFEBIEY, %F’ﬁ;?&?bp*ﬁ%&%%‘}%gé‘ﬁg e(%%Y? &3?1%%6( I%amgl )gagﬁ \ aﬁc,{ %ggl %:[{éteine or proline
is substittite cefprrtar djd any githeniesidde Aoy Gvhireitted vrs/merzb e efidnyerspHEBIoBF4romatic
side chain (%p%l’a},/ BlistlEo RN %@%&%%ﬁ&eﬁ%ﬁ%ep&f e QRENAYIRGA Yoalanside chain (e.g.,

0 y).

Ala, Ser) or no side chain (e.g.,
conservative suvstitution.

Non-conservative substitutions include those in which (i) a residue having an
electropositive side chain (e.g., Arg, His or Lys) is substituted for, or by, an

15  electronegative residue (e.g., Glu or Asp), (i) a hydrophilic residue (e.g., Ser or Thr) is
substituted for, or by, a hydrophobic residue (e.g., Ala, Leu, Ile, Phe or Val), (iii) a
cysteine or proline is substituted for, or by, any other residue, or (iv) a residue having a
bulky hydrophobic or aromatic side chain (e.g., Val, Ile, Phe or Tip) is substituted for, or
by, one having a smaller side chain (e.g., Ala, Ser) or no side chain (e.g., Gly).

20 Exemplary variant Neublastin polypeptides are disclosed in Table 1. Amino acid
residues of the variant Neublastin polypeptides that are mutated as compared to the
corresponding wild type position are bolded and underlined. In addition, the Neublastin
polypeptide (113, 99, or 104 amino acids in length) used as the background for the
substitution is depicted in Table 1.

25

11



20 Exemplary variant Neublastin polypeptides are disclosed in Table 1. Amino acid residues of the
variant Neublastin polypeptides that are mutated as compared to the corresponding wild type position
are bolded and underlined. In addition, the Neublastin polypeptide (113, 99, or 104 amino acids in
length) used agdhgRasksaspund for the substitution is depicted in Table 1. 25 &4 W63 2Q96{023781
PCT/US2005/029637 Table 1: Variant Neublastin Polypeptides SEQ Position Length of I Amino Acid
Sequence - - - | ID NO Substituted Poi a tide 2 Arg 48 113 AGGPGSRARAAGARGCP.LRSQLVPVRA
LGLGHRSDELVRFRF CS GSCERARSPHD LSLASLLGAGALRPPPGSRPVSQPCCRPT
RYEAVSFMDVNSTWRTVDRLSATACGC LG GARGCRLRSQLVPVRA 3 Arg 49 113 ~
AGGPGSRARAA GGHR S DELVRERFCSGSCREARSPHD

LSLASLLGASRA oS AVSFMDVNSTWRTVDRLSATACGC LG 4 Arg 51
1 113 AGGPGSRARAAGARGCRLRSQLVPVRA LGLGHRSDELVRFRFCSGSCRRAESPHD

LSLASLLGAGRYRPREGRRP VSURCHER 5 R Y it MRV SEqaWRTVDRLSATACGC LG 5 Arg 48
and 113 AG SRARANAREC PadRBVRA Arg 49

LGLGHRSDERLVRFREAGSCEEARBPHD LSEASICL®S ARRRPR
RYEAVSFMDVNSTWRTVDRLSATACGC LGLGHRSDELVRFRFCSGSCERARSPHD
1 LSLASLLGAGALRPPPGSRPVSQPCCRPT
RYEAVSFMDVNSTWRTVDRLSATACGC
LG

3 Arg 49 113 AGGPGSRARAAGARGCRLRSQLVPVRA
LGLGHRSDELVRFRFCSGSCREARSPHD
LSLASLLGAGALRPPPGSRPVSQPCCRPT
RYEAVSFMDVNSTWRTVDRLSATACGC
LG

4 Arg 51 113 AGGPGSRARAAGARGCRLRSQLVPVRA
LGLGHRSDELVRFRFCSGSCRRAESPHD
LSLASLLGAGALRPPPGSRPVSQPCCRPT
RYEAVSFMDVNSTWRTVDRLSATACGC

LG
5 Arg 48 and 113 AGGPGSRARAAGARGCRLRSQLVPVRA
Arg 49 LGLGHRSDELVRFRFCSGSCEEARSPHD

LSLASLLGAGALRPPPGSRPVSQPCCRPT
RYEAVSFMDVNSTWRTVDRLSATACGC

LG
6 Arg 48 and 99 GCRLRSQLVPVRALGLGHRSDELVRFRF
Arg 49 CSGSCEEARSPHDLSLASLLGAGALRPPP
GSRPVSQPCCRPTRYEAVSFMDVNSTW
RTVDRLSATACGCLG
7 Arg 48 and 104 AAGARGCRLRSQLVPVRALGLGHRSDE
Arg 49 LVRFRFCSGSCEEARSPHDLSLASLLGA

GALRPPPGSRPVSQPCCRPTRYEAVSFM
DVNSTWRTVDRLSATACGCLG

8 Arg 49 and 113 AGGPGSRARAAGARGCRLRSQLVPVRA
Arg 51 LGLGHRSDELVRFRFCSGSCREAESPHD
LSLASLLGAGALRPPPGSRPVSQPCCRPT
RYEAVSFMDVNSTWRTVDRLSATACGC

LG
9 Arg 48 and 113 AGGPGSRARAAGARGCRLRSQLVPVRA
Arg 51 LGLGHRSDELVRFRFCSGSCERAESPHD

LSLASLLGAGALRPPPGSRPVSQPCCRPT

RYBAVSFMDVNSTWRTVDRLSATACGC
LG

12



LG 6 Arg 48 and 99 GCRLRSQLVPVRALGLGHRSDELVRFRF Arg 49
CSGSCEEARSPHDLSLASLLGAG.ALRPPP GSRPVSQPCCRPTRYEAVSFMDVNSTW
RTVDRLSATACGCLG 7 Arg 48 and 104 AAGARGCRLRSQLVPVRALGLGHRSDE Arg 49

LVRFRFCSGHGERARSRHDLSLASLLGA GALRPPPGSRPVSQPCCRPTRYEAYSTM 029637
DVNSTWRTVDRLSATACGCLG 8 Arg 49 and 113 AGGPGSRARAAG_ARGCRLRSQLVPVRA Arg
51 LGLGHRSDELVRFRFCSGSCREAESPHD LSLASLLGAGALRPPPGSRPVSQPCCRPT
RYEAVSFMDVNSTWRTVDRLSATACGC LG 9 Arg 48 and 113

AGGPGSRARAAGARGCRLRSQLVPVRA Arg 51 LGLGHRSDELVRFRFCSGSCERAESPHD
LSLASLLGAGALRRPPGSRPVSOPCCRPT RYEAVSEMDY REYPRIBAEACECa LG 12 WO
2006/023781 PCT[égiﬁ?f%@@%? y 8%8%%%\?6%%%88%{?0%/%%%6 can be optiona{ ﬂ/’goupled to a
polymer (e.gpoly pibtylatie\dbitel ghpissy sisiesy spehvah E g gbRY SR c P §RSty). In some
embodiments, s RRvmEhiSeaHRIed o ibePalyiBeplte gitalsie.onihm Neaastintipolypeptide that is

an N terminus._ In some embodiments, the variant Neyblastin 5 polypeptide;,in s at least one
amino acid SXERERHSH W%’%&W&%‘E T5NSE T 8?%%? tsfggﬁﬁﬁgga%%gggf?ds 15-113 of SEQ

ID NO: ¥), whithpppoidelesiandnicknal polymizo scrjagutioniciteib wiier sopaidiBranl Berconjugated.
In some em_%r?ees% + DG BRMINAE '.FS%‘%%?@E@E@ Neyignthemhlasia Rely Reptidepdesidue

(numbered in accordance with the sequence of SEQ ID NO:l)mselected from the group consisting of

10 position 12RREHIOR SB ITEHSHRES EREr S8R B AT 48iedm AaRP STHIRSERCISrdits that

polymer is coupled to the variant Neublastin polypeptide at a residue (numbered in
accordance with the sequence of SEQ ID NO:1) selected from the group consisting of

10 position 14, position 39, position 68, and position 95. Exemplary Neublastin variants that
provide internal polymer conjugation sites are described in WO 02/060929 and WO
04/069176 (the contents of which are incorporated herein by reference).

A polypeptide can optionally contain heterologous amino acid sequences in

addition to a variant Neublastin polypeptide. “Heterologous,” as used when referring to
15  an amino acid sequence, refers to 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.

Exemplary heterologous sequences include a heterologous signal sequence (e.g., native

rat albumin signal sequence, a modified rat signal sequence, or a human growth hormone

signal sequence) or a sequence used for purification of a variant Neublastin polypeptide
20  (e.g., a histidine tag).

Neublastin polypeptides can be isolated using methods known in the art.
Naturally occurring Neublastin polypeptides can be isolated from cells or tissue sources
using standard protein purification techniques. Alternatively, mutated Neublastin
polypeptides can be synthesized chemically using standard peptide synthesis techniques.

25  The synthesis of short amino acid sequences is well established in the peptide art. See,
e.g., Stewart, et al., Solid Phase Peptide Synthesis (2d ed., 1984).

In some embodiments, variant Neublastin polypeptides are produced by
recombinant DNA techniques. For example, a nucleic acid molecule encoding a variant
Neublastin polypeptide can be inserted into a vector, e.g., an expression vector, and the

30  nucleic acid can be introduced into a cell. Suitable cells include, e.g., mammalian cells

(such as human cells or CHO cells), fungal cells, yeast cells, insect cells, and bacterial

13



provide internal polymer conjugation sites are described in WO 02/060929 and WO 04/069176 (the
contents of which are incorporated herein by reference). A polypeptide can optionally contain
heterologous amino acid sequences in addition to a variant Neublastin polypeptide. "Heterologous,"
as used whenwefenigg:tasild an amino acid sequence, refers to a sequence ghal@igiRategfom a
source foreign to the particular host cell, or, if from the same host cell, is modified from its original
form. Exemplary heterologous sequences include a heterologous signal sequence (e.g., native rat
albumin signal sequence, a modified rat signal sequence, or a human growth hormone signal
sequence) or a sequence used for purification of a variant Neublastin polypeptide 20 (e.g., a histidine

tag). Neublastip polypentdes can,be isalaind.using malbods kel baaita diaurally occurring
Neublastin poelyp'ep ides can be isolate from cells Or tissue sources using standard protein
purification teehdilcerslmnansdavenprestienedavarsm st ieipashnseidh Brges‘ﬁﬁﬁ Sized chemically
using standaxgpeRlide,sPhass teshairuese28 Tha syethesiseatishdftdashiab dcidsdquences is well
established in the peptide arf, See, e.g., Stewart, et al., Solid Pha i hesis (2d ed., 1984).
In some em t}a?a‘fﬂﬂer%t%%%}’&’f?&nt’ﬂ?é‘ﬁ%elé%ﬁ% ?3%]11)1/%%6&%)3 gP(eEil %%réﬁﬂe(?é%‘%%%%g%{ k%?nant DNA
techniques. komexamplef a srlicteicudicid motarulie shéddihts areard Rt NEUBIASHHP BN peptide can be
inserted into § yectorrf.g. 30X prESIom¥LHOLRAENS 3R RusIBigASIS ¢aRheimtEadysed into a cell.

Suitable cells include, e.g., mammalian cells (such as human cglls_or CHO cells hfunqu(l)&sells, yeast
cells, insect cells, aNATBRERFHN2E N DRI DERIEY PR eR IS SHAS RS 859 SR A expressed in
a recombinaiheah f&_hex@aﬂt.isqzrd_ei&babhemaﬁliﬂ_adaﬂmiﬂewtec_iondﬁaigmssmdwmgi&ﬁbm@x@pﬁifs(sion of a variant
Neublastin polypeplife. Theqariant NewbIasHl.RapaRHdG c0.NedssovaRt iRl suspension i

desired. As USed herein, "recovered” means that the mutated polypeptide is removed from those 5

comporiénts dizagel nealurerrsiiuerii drviesditsprl b IR TRBGE AN PVRESs. The

re‘;OVery gm?@ﬁ&g}mﬂ @ﬁét&%d%@& PIrmeRsainiding o pepification:sisps-divatahinhiepblagtn
polypeptides can be constructed using any of several methds known in,the-art. One such method is
site-directed MEEGREYRHAh RS Beé% R DEOORANS LRI CD

Mutagenesis Kit" sold by Clontech Laboratories (Palo Alto, CA).

15  Pharmaceutical Compositions

A variant Neublastin polypeptide can be incorporated into a pharmaceutical
composition containing a therapeutically effective amount of the polypeptide and one or
more adjuvants, excipients, carriers, and/or diluents. Acceptable diluents, carriers and
excipients typically do not adversely affect a recipient's homeostasis (e.g., electrolyte

20  balance). Acceptable carriers include biocompatible, inert or bioabsorbable salts,
buffering agents, oligo- or polysaccharides, polymers, viscosity-improving agents,
preservatives and the like. One exemplary carrier is physiologic saline (0.15 M NaCl, pH
7.0 to 7.4). Another exemplary carrier is 50 mM sodium phosphate, 100 mM sodium
chloride. Further details on techniques for formulation and administration of

25  pharmaceutical compositions can be found in, e.g., REMINGTON'S
PHARMACEUTICAL SCIENCES (Maack Publishing Co., Easton, Pa.).

Administration of a pharmaceutical composition containing a variant Neublastin
polypeptide can be systemic or local. Pharmaceutical compositions can be formulated
such that they are suitable for parenteral and/or non-parenteral administration. Specific

30  administration modalities include subcutaneous, intravenous, intramuscular,

intraperitoneal transdermal, intrathecal, oral, rectal, buccal, topical, nasal, ophthalmic,

14



nucleotide (or, if desired a small number of specific nucleotides) is changed in order to 10 change a
single amino acid (or, if desired, a small number of predetermined amino acid residues) in the encoded
variant Neublastin polypeptide. Many site-directed mutagenesis kits are commercially available. One

such kit is thewlyapsfasargs Site Directed Mutagenesis IT-it" sold by Clontechdsah@igiofigsalo Alto,
CA). 15 Pharmaceutical Compositions A variant Neublastin polypeptide can be incorporated into a

pharmaceutical composition containing a therapeutically effective amount of the polypeptide and one
or more adjuvants, excipients, carriers, and/or diluents. Acceptable diluents, carriers and excipients
typically do not adversely affect a recipient's homeostasis (e.g., electrolyte 20 balance). Acceptable

carriers include biocompatible, inert or bioabsorbable Sa}llts,‘l uffei%rér,glg %gentsl, gligo- or
polysaccharidia: F5eRHAE EUHERELIR- PR ORAECAY SReE e BPeseNatives and the like. One exemplary
carrier is physiglagicisaliagi@statdoNacCl, pFl 7.0 to 7.4). Another exemplary carrier is 50 mM sodium

phosphate, 100 mM sodiyim, chioride. Ryriher.derails.pnigennidues. Gndpipualon agdadministration
of 25 pharmaceuticltgaqr(%ur#gggistiségn{ggﬁaenobégfoﬁlnd in, e.g., REMINGTON'S PHARMACEUTICAL

SCIENCES @iesek apispm ot e Ea B B stR R RP LG CES PrefiR e 2 B mposition

containing a yariamnt Hssblastip Relyreplide. Ganhe syistemilimrstidotbrPhomadetitivaieorhpositions
can be formulated such that the are1§g%tc§sbl?ofor parenteral and/or non-parenteral administration.

Specific 30 Qb‘?*?ﬁ?ﬁ%‘h’é‘t?’(‘fﬁt‘ geatties include slﬁ%cutaneous, intravenous, intramuscular,

intraperitoneal trangdeereaiplatyafiroodhtiontordois abiacear W@&F}ﬁé’é&]’?@%ﬂ?ﬁ?&b% WO
2006/023781 PCT/E1S2005/029637 dalrasanisuias. indamieriainswasachnaid araathial, lymphatic,

vaginal, and intra-uterine adminisiration, Formulations suitable for parenteral administration
conveniently €euaimadEtetd Tagtesue §r8pdABNf the variant Neublastin polypeptide, which
preferahly is isotoniedzithithe hioeslefdhersesipientietn prysiclpgisaltsdindisokiioniisFormulations
may be_presented in uni-dose o mullidose form, An,exemplanfRTRaR AaRieiRS Aiariant
Neublastin p(ﬂ‘ﬁ? eﬁt.&% d&&cfibed ™ ‘ i
of the variant Neublastin polypeptide; or a suspension in an aqueous liquor or a
non-aqueous liquid, such as a syrup, an elixir, an emulsion, or a draught.
Therapeutically effective amounts of a pharmaceutical composition may be
15  administered to a subject in need thereof in a dosage regimen ascertainable by one of skill
in the art. For example, a composition can be administered to the subject, e.g.,
systemically at a dosage from 0.01pg/kg to 1000 pg/kg body weight of the subject, per
dose. In another example, the dosage is from 1 pg/kg to 100 pg/kg body weight of the
subject, per dose. In another example, the dosage is from 1 ng/kg to 30 pg/kg body
20  weight of the subject, per dose, e.g., from 3 pg/kg to 10 pg/kg body weight of the subject,
per dose.
In order to optimize therapeutic efficacy, a variant Neublastin polypeptide is first
administered at different dosing regimens. The unit dose and regimen depend on factors
that include, e.g., the species of mammal, its immune status, the body weight of the
25 mammal. Typically, protein levels in tissue are monitored using appropriate screening
assays as part of a clinical testing procedure, e.g., to determine the efficacy of a given
treatment regimen.
The frequency of dosing for a variant Neublastin polypeptide is within the skills
and clinical judgement of physicians. Typically, the administration regime is established
30 by clinical trials which may establish optimal administration parameters. However, the

practitioner may vary such administration regimes according to the subject’s age, health,

15



herein and the following buffer components: sodium succinate (e.g., 10 mM); NaCl (e.g., 75 mM); and
L-arginine (e.g., 100 mM). 10 Formulations suitable for oral administration may be presented as
discrete units such as capsules, cachets, tablets, or lozenges, each containing a predetermined
amount of the,yatiantMeublastin polypeptide; or a suspension in an aqueous li -aqueous
liquid, such as a syrup, an elixir, an emulsion, or a draught. Therapeutically e%é%ﬁ\%%{?@ggﬁz of a
pharmaceutical composition may be 15 administered to a subject in need thereof in a dosage regimen
ascertainable by one of skill in the art. For example, a composition can be administered to the subject,
e.g., systemically at a dosage from 0.01g/kg to 1000 g/kg body weight of the subject, per dose. In
‘another example, the dosage is from 1 g/kg to 100 g/kg body weight of the subject, er dose. In
another exarfigiehthsHabREdion StAMS o KRR ST Ry Bolay 8 Wai g oriie S ?S%é% &t dose, e.g.,
from 3 g/kg tendQigtkg asyniaig it afdierstiijedh qaaittiosed firayderctooddtrmizenthekapeutic efficacy, a
variant Neublastin pol tide is.first administered at di pk dosing fegimens. The unit dose and
regimen dep‘éar%ﬁgﬁg ?g%%)?}gsg ﬂ?aw}]e}: Saefee?aéﬁ%egtslsgé?@%?mammal, its immune status, the body
weight of the 25 mammal. Typically, protein levels in tissue are monitored using appropriate screening
assays as payi i achriealigsting procedure, e.g., to determine the efficacy of a given treatment
regimen. The frequency of dosing for a variant Neublastip pol tide is within the skills, and clinical
judgement of physiH&H@?ﬁﬁ?@gﬁ%ﬁﬁﬁgﬁg&%‘ﬁ%ﬁ%ﬁ&ﬁ%e‘gﬁ%efpfg‘%@%é‘%ﬁéﬂ%éﬁ”%%s%‘y %ﬁ?rﬁ?éil trials which
may establiskidptimathdministretiehofarameters:chiowelver] tie practionsrmmalNalastich
administration feqimes. 2caording i e AISRER RIS Jealil of B 2P0MIRI Ui, .z,

PCT/US2005/0 weight, sex and medical status. The frequency of dosing may also vary
between acuteharaTbIife dierdrretidinsrirdaropany Y i aduinchy N AR E AT R HBAY may be
varied depending o neheliart tNenbRalRSSIIS-pridphiiaatiscanihierapadtithbridethded of Treatment
il N o s SR S LA MR SIS SRR RS

characterized by damage to sensory neurons or retinal ganglion cells, including neurons

in the dorsal root ganglia or in any of the following tissues: the geniculate, petrosal and
nodose ganglia; the vestibuloacoustic complex of the eighth cranial nerve; the

15  ventrolateral pole of the maxillomandibular lobe of the trigeminal ganglion; and the
mesencephalic trigeminal nucleus.

In some embodiments, sensory and/or autonomic system neurons can be treated.
In particular, nociceptive and mechanoreceptive neurons can be treated, more particularly
A-delta fiber, C-fiber and A-beta fiber neurons. In addition, sympathetic and

20  parasympathetic neurons of the autonomic system can be treated.

In some embodiments, motor neuron diseases such as amyotrophic lateral
sclerosis ("ALS") and spinal muscular atrophy can be treated. In other embodiments, the
variant Neublastin polypeptides can be used to enhance nerve recovery following
traumatic injury. Alternatively, or in addition, a nerve guidance channel with a matrix

25  containing polymer-conjugated Neublastin polypeptides, or fusion or conjugates of
mutated Neublastin polypeptides can be used. Such nerve guidance channels are
disclosed, e.g., United States Patent No. 5,834,029.

Tn some embodiments, the variant Neublastin polypeptides (and pharmaceutical

compositions comprising same) are used in the treatment of various disorders in the eye,
30  including photoreceptor loss in the retina in patients afflicted with macular degeneration,

retinitis pigmentosa, glaucoma, and similar diseases.
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differentiation, or survival of a nerve or neuronal cell. In particular, variant Neublastin polypeptides can
be used to treat or alleviate a disorder or disease of a living animal, e.g., a human, which disorder or
disease is responsive to the activity of a neurotrophic agent. 10 The variant Neublastin polypeptides

disclosed hergin,(adMiagmaceutical compositions comprising same) can bgéﬁggz%%%ggps for

treating a disorder characterized by damage to sensory neurons or retinal ganglion cells, including
neurons in the dorsal root ganglia or in any of the following tissues: the geniculate, petrosal and
nodose ganglia; the vestibuloacoustic complex of the eighth cranial nerve; the 15 ventrolateral pole of
the maxillomandibular lobe of the trigeminal ganglion; and the mesencephalic trigeminal nucleus. In
some embodiments, sensory and/or autonomic syste neurons catrlndbe tregt%d. In pa r%gplar,
nociceptive and medHRs EERSHASEL IBHLERT DL HRARER RABRS BTl A HeTea 1 er, C-fiber and
A-beta fiber pemiRRgidRsadgifigsingympatheticantb2fopargsympatisticniou forgetitsdanisnomic
system can be treated. In some elrpb%tilirg%nggﬁ BEeiels neurandiseasesitmasanatiaphic lateral

sclerosis ("AE RG] g‘foﬁﬁ% Yhuscutar aFrophy cangbe treated. In other embodiments, the variant

Neublastin pelypépfedtisrsanbuinbagasiaihassorihiesr&overire reiig Bhtiatic injury.
Alternatiyely, Qr.in agdition, @ Neyeng Weabeesghenn@kvridera nmal inabodeataidisugped/mer-conjugated

Neublastinpoly%e tides, or fusion qQr con%ggates of mutated Neublastin polypeptides can be used.

Such nerve dlddHREHRNRRIR AR L BEed, e.g., United States Patent No. 5,834,029. In some
embodiments, the variariabtestleSiaupotafephdes (and pharmaceutical compositions comprising

same) are used in t éﬂgﬁ% ?ﬁgg&xgﬂggaﬁiégﬁqsmm&%@x@mﬁqwmﬁgapa@m:ceptor loss in the

retina in patients afflicted with macular degeneration, retinitis pigmentosa, glau%gma, and similar
diseases. 16 WEPOHHEIO2STRTPEEFATSY OULIG26e3 R Tr it eniTsatia 8RERABN&iht Neublastin

polypepisles {asd-pbarpaseyticalianmmpagiians aompeprisingfsanve paresethfomireating neuropathic
reating vira T A A B ceuRopainy. o
amount of an analgesia-inducing compound selected from the group consisting of
opioids, anti-arrhythmics, topical analgesics, local anaesthetics, anticonvulsants,
antidepressants, corticosteroids and non-steroidal anti-inflammatory drugs (NSAIDS). In

15  one embodiment, the analgesia-inducing compound is an anticonvulsant. In another
embodiment, the analgesia-inducing compound is gabapentin
((1-aminomethyl)cyclohexane acetic acid) or pregabalin (S-(+)-4-amino-3-
(2-methylpropyl) butanoic acid).

The variant Neublastin polypeptides disclosed herein (and pharmaceutical

20  compositions comprising same) can be used in the treatment of pain associated with
peripheral neuropathies. Among the peripheral neuropathies which can be treated are
trauma-induced neuropathies, e.g., those caused by physical injury or disease state,
physical damage to the brain, physical damage to the spinal cord, stroke associated with
brain damage, and neurological disorders related to neurodegeneration.

25 The variant Neublastin polypeptides disclosed herein (and pharmaceutical
compositions comprising same) can be used in the treatment of a number of peripheral
neuropathies, including: (&) trauma-induced neuropathies, (b) chemotherapy-induced
neuropathies, (c) toxin-induced neuropathies (including but not limited to neuropathies
induced by alcoholism, vitamin B6 intoxication, hexacarbon intoxication, amiodarone,

30  chloramphenicol, disulfiram, isoniazide, gold, lithium, metronidazole, misonidazole,

nitrofurantoin), (d) drug-induced neuropathies, including therapeutic drug-induced
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5 neuropathy, and for treating nervous system disorders. The methods are discussed in detail in the
following subsections. 1. Treatment of Neuropathic Pain The variant Neublastin polypeptides disclosed
herein (and pharmaceutical compositions comprising same) can be used in methods for treating
neuropathic pgig 4¢3/ subject comprising administering to the subject an pffegtvRRMANEH of a
variant Neublastin polypeptide either alone, or by also administering to the subject an effective

amount of an analgesia-inducing compound selected from the group consisting of opioids,
anti-arrhythmics, topical analgesics, local anaesthetics, anticonvulsants, antidepressants,
cort:costeroids and non-steroidal anti-inflammatory drugs (NSAIDS). In 15 one embodiment, the
analgesia-inducing compound is an anticqnvulsant. In another embodi f, ia-inducin
compound iLGHBEH }ﬁﬁ?l'ﬁ(@g?ﬁiﬁ%ﬁ%‘ﬁg%/l e %T%?(%eﬁea cetic 3%?8?%?‘%3&%%%?(9 -(+%){S-S4-amino-3gll

(2-methylpropytytataneithacidiud hevatianbNewbldsteigel phapide s ereersetd HereiAnd

pharmaceutical ; 20 campasitions comarising, semeiaan.he vaad-pthe Heatneny ehpaisassociated
with peripheral neuropathies. Among the peripheral neuropathi ¥vhich can be treated are
%ﬁﬁ?s%gﬁ 0 et g

trauma—in_cluc?éé%fe‘ii’f‘%ﬁﬁ@rﬁ&%‘}g?ﬁ.%ﬁ?f&%"eﬁﬁ%‘é%o&‘} %‘j 1y OrdISEa<E State, physical damage
to the brain, physigahgaeage iotheispjnal dendimstkdkacassooihtect withropedifeslinvigbnand

neurological Qisoiders FElaled 0 neWPARGENGIANO 2 T JaIARNoHRIGRUR Rl peptides disclosed
herelr! (and p armaceutical compositions comprising same) can be used in the treatment of a number
of peripheral dn@@mp@:ﬁ@sﬂimtmm@@w#h% sehitieRaits ReTORsARES PERETTHIACIERY -induced
gﬁ:urrtl)plzjithIes%&%_@gﬁg@%fﬁmmmm{h{ﬁﬁ&mimgah;wgepgymﬁtemmmmm@s induced by
oo < HEEOE BOPTRATas Tas Ehs hnaiaiene. dasiriapericn

isof _ LS Siem i Sonidazole. nitrorurantoin), (d) drug-induced
neuropaum!esmt_tya{emtm;guﬂkgerﬁqngiek:cmm@finﬁbjwdiSEESWGim@WQT@@P}@W@SM@Z‘%N
neuropathic pain(stich, as cavsed Ay ant-canser AgeniR: RaTliGHIarkamieanceragents selected from

the group consisting of taxol, taxotere, ciSplatin, nocodazole, vincristing,

neuropathies (including but not limited to neuropathic pain associated with leprosy, Lyme
disease, neuropathic pain associated with infection by a virus, particularly a virus selected
from the group consisting of a herpes virus (e.g. herpes zoster which may lead to post-

15  herpetic neuralgia), 2 human immunodeficiency virus (HIV), and a papilloma virus), (n)
auto-immune neuropathies (including but not limited to Guillain-Barre syndrome, chronic
inflammatory de-myelinating polyneuropathy, monoclonal gammopathy of undetermined
significance and polyneuropathy), (0) trigeminal neuralgia and entrapment syndromes
(including but not limited to Carpel tunnel), and (p) other neuropathic pain syndromes

20  including post-traumatic neuralgia, phantom limb pain, multiple sclerosis pain, complex
regional pain syndromes (including but not limited to reflex sympathetic dystrophy,
causalgia), neoplasia- associated pain, vasculitic/angiopathic neuropathy, and sciatica.
Neuropathic pain may be manifested as allodynia, hyperalgesia, spontaneous pain or
phantom pain.

25 2. Treatment of Tactile Allodynia

The variant Neublastin polypeptides disclosed herein (and pharmaceutical
compositions comprising same) can be used in the treatment of tactile allodynia in a
subject. The term “tactile allodynia” typically refers to the condition in a subject where
pain is evoked by stimulation of the skin (e.g. touch) that is normally innocuous.

30 In some embodiments, tactile allodynia is treated by administering to the subject

pharmaceutically effective amount of a variant Neublastin polypeptide. In a related
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vindesine and vinblastine; and such as caused by anti-viral agents, particularly anti-viral agents
selected from the group consisting of ddl, DDC, d4T, foscarnet, dapsone, 5 metronidazole, and
isoniazid), (e) vitamin-deficiency-induced neuropathies (including but not limited to vitamin B12
deficiency, vitgyainggs@deficiency, and vitamin E deficiency), (f) idiopathic neprerathiesedspsdiabetic
neuropathies, (h) pathogen-induced nerve damage, (i) inflammation-induced nerve damage, (j)
neurodegeneration, (k) hereditary neuropathy (including but not limited to Friedreich ataxia, familial
amyloid 10 polyneuropathy, Tangier disease, Fabry disease), (1) metabolic disorders (including but
not limited to renal insufficiency and hypothyroidism), (m) infectious and viral neuropathies (including
but not limited to neuropathic pain.associated with lepro [ ; iepain
associated vﬁﬂ’mﬁ’é‘&ﬂﬁtﬁ% 3%%%#3%%%& %t\fff?ug se eéﬁ%ﬁ?g}nﬁﬁ%}zﬁgﬁ%%%%%gﬁg of a herpes
virus (e.g. henpesnzo$teyanhithiNavjalsacbypestidseibe etrnpairaid s FGHR i unodeficiency
virus (HIV), ajg:a.PaPMRRA VI (N s 3R RRMIS AsM 9PBIYSSAIRaHIcing fietvetainited to
Guillain-Barre syndrome, chronjc inflamma o%de- eliqﬁlt;gﬁo ol neysrt'gpa('glg)ﬁpgg%go%pal
gammopathyP bR ARAEEF TG CLE SRTPRATR AT cﬁ%{?g%rﬁroﬁ ﬁp é)o)n?rlge nal neuralgia and
entrapment syrdramies, (ipkiding drstoagokimiteeithSapehtinoneilsaris, gufideressmtitopathic pain
syndromes 20 incluling pash KRUTALC AeLR Gk ARABIRTHUTA e, Mulile el pain, complex
ndr uding

regional pain'syndromes (Inc but not limited to reflex sympathetic dystrophy, caus%I ia),
neoplasia- assoditicevplimty s cuntieraptitprethrhetBsate shal et RRg FOPRMTK p%in may be
manifested as,ligdiz hYREIGEREIR) SRHaNAUSpRIRCR) PhaRtanais-@5-2-direattent of Tactile
Allodynia The variant NeuEI stin(f)olé/gcegotides disclosed herein (and pharmaceutical compositions
comprising &R CER BRI HE Y Eatment of tactile allodynia in a subject. The term "tactile
allodynigg typically fiefesstothieodonelition irdestNjattlsvHeneclpasmtid e bsiashifiation of the skin
(e.g. touch) that is normally Innagpays: 204 semeiennadinenisetactie allpdyniarisdiated by

administering to the subject a pharmaceutically effective amount of ae\(/iatrlapaiéi 'gﬁ,e%'a?('g,’%g}.gﬂ‘ polypeptide.

In a related 18\AG-POUGRS7 A1 ePRISESOE) fisdtisy but are not limited to,

cisplatin, nocodazole, vincristine, vindesine and vinblastine. Anti-viral agents include,
but are not limited to, ddI, DDC, d4T, foscarnet, dapsone, metronidazole, and isoniazid.

15 3. Treatment for Reduction of Loss of Pain Sensitivity

In another embodiment, variant Neublastin polypeptides disclosed herein (and
pharmaceutical compositions comprising same) can be used in a method for reducing the
loss of pain sensitivity in a subject afflicted with a neuropathy. In one embodiment, the
neuropathy is diabetic neuropathy. In some embodiments, the loss of pain sensitivity is a

20 loss in thermal pain sensitivity. This methods include both prophylactic and therapeutic
treatment.

In prophylactic treatment, a variant Neublastin polypeptide is administered to a
subject at risk of developing loss of pain sensitivity (such a subject would be expected to
be a subject with an early stage neuropathy). The treatment with a variant Neublastin

25  polypeptide under such circumstances would serve to treat at-risk patients preventively.

In therapeutic treatment, a variant Neublastin polypeptide is administered to a
subject who has experienced loss of pain sensitivity as a result of affliction with a
neuropathy (such a subject would be expected to be a subject with a late stage
neuropathy). The treatment with a variant Neublastin polyp eptide under such

30  circumstances would serve to rescue appropriate pain sensitivity in the subject.
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embodiment, tactile allodynia may be treated by administering to a subject an effective amount of a
variant Neublastin polypeptide either alone, or by administering to the subject an effective amount of a
variant Neublastin polypeptide with an effective amount of an analgesia-inducing compound selected
from the grougwephsisiing,gf opioids, anti 5 arrhythmics, topical analgesics, loga|R3sstSISS
anticonvulsants, antidepressants, corticosteroids and NSAIDS. In one embodiment, the
analgesia-inducing compound is an anticonvulsant. In another preferred embodiment, the
analgesia-inducing compound is gabapentin ((1-aminomethyl)cyclohexane acetic acid) or pregabalin
(S-(+)-4-amino-3- (2-methylpropyl)butanoic acid). 10 In some embodiments, a variant Neublastin

polypeptide is administered in assqci]aw.ic,n with a therapeutic e tﬁﬂg'gdgagegut not limited to an
anti-cancer agent of-aicsfneplal Xgakink ﬁﬁoﬁﬁg%%@% limited to, taxol,
taxotere, cisplatin, Pegogazateradnteistifenfindesine dvichlinlastfivesintairanaliésts include, but
are not miteg (g, DOIC, 44T, [O3GATIEL JARSANE MG ANIZ0IE A (OBIEBAS s rcatment

for Reduction of LOSS of Pain ensitivity In another embodiment, variant Neublastin pq(% ptides

disclosed heréincganpripitarsindeBtiBa e sasforE RMIHEIAY R AR R E ALRIIR'S Hethod for
reducingsthe JossRfpainsensitivitndnrapsubiestiafilictedwitvenoelindpatiy ntvopedémpodiment, the
neuropathy is diabeti¢c neuropathy. In some embodiments, the loss of. pain.sensitivity {s.a 20 loss in
thermal pain ¥&RERIVity” }ggﬁ?é%%&n ?négﬁjeageb%?ﬁrpo)%p 1?/%%%@ %ﬁg?%ﬁ%%gﬁéu%%%é}é%gnt In
prophylactic treatnperticaladyiamtrieebictstifipolybe stickr isoasistingses FePtacs VaUnsjERdaneik of
developing IqgstRAly BASILY LSeh v subiRgtvaUh bR expestaderbadsualact nitaan early

stage neuropathy). The tfeatment with a variant Neublastin 25 polyp tide,undeli)s ch circumstances
would serve B eRedefirRsANE S BN 2BAPTHIREr ti&?é’a?i%éﬁ%,"éev%rﬁa% RelUnfastin
polypeptide is-administeesitopalypepipitwhintiasexperended bssofpgyrensitpithiapatresult of
affliction with a n u.[EoE{)ath}( (such a subject would be expected to be a subject with a late stage

neuropathy). 8 tr&=thRENt with a variant Neublastin polypeptide under such 30 circumstances would

serve to rescue appfopratapafiresnsitgitpfectinn aiispiicludy the appearance of arash. Other

symptoms include, for example, the development of persistent pain in the affected area of

the body, which is a common complication of a herpes zoster infection (shingles). Post-
15  herpetic neuralgia can last for a month or more, and may appear several months after any
rash-like symptoms have disappeared.

5. Treatment of Painful Diabetic Neuropathy

Prophylactic treatment of painful diabetic neuropathy is contemplated.

Prophylactic treatment of diabetic neuropathies would commence after determination of

20  the initial diagnosis of diabetes or diabetes-associated symptoms and before onset of
neuropathic pain. Prophylactic treatment of painful diabetic neuropathy may also
commence upon determining that a subject is at risk for developing diabetes or diabetes-
associated symptoms. During treatment, a variant Neublastin polypeptide is administered
to prevent appearance of neuropathic pain. In an alternative embodiment, a variant

25  Neublastin polypeptide is administered to reduce the severity of neuropathic pain that has
already appeared.

6. Treatment of Nervous System Disorders

The variant Neublastin polypeptides disclosed herein (and pharmaceutical
compositions comprising same) can be used in the treatment or prevention of a nervous
30  system disorder in a subject (such as a human), by administering to a subject in need

thereof a therapeutically effective amount of a variant Neublastin polypeptide, a

20



WO 2006/023781 PCT/US2005/029637 4 Treatment of Viral Infections and Viral-Associated
Neuropathies Prophylactic treatment of infectious and viral neuropathies is contemplated.
Prophylactic treatment is indicated after determination of viral infection and before onset of
neuropathic pajg, JasyingAeatment, a variant Neublastin polypeptide is adminigtetedyasigpipvent
appearance of neuropathic pain including but not limited to neuropathic pain associated with leprosy,
Lyme disease, neuropathic pain associated with infection by a virus, particularly a virus selected from
the group consisting of a herpes virus (and more particularly by a herpes zoster virus, which may lead
to post-herpetic neuralgia), a human immunodeficiency virus (HIV), and a papilloma virus). In an
alternative embodiment, a 10 variant NeubJastjn pol tide is administ duge the severity of
neuropathic SRR ERGY @W%B%&Y%M%Eﬁgugg;ﬁ%dﬁﬁg%Sﬂmﬁié%%l%g%e the EQppearan ce of
a rash. Othestasyenajosossncluile clor e plaisheNiabilsmmshrisbpéesistihthiin in the affected area
of the bOdy’?,\‘l’V[lg'ié:% '§e§qug@égp&agggpy_%%t%f a herpes zoster infection (shingles). Post 15 herpetic

neuralgia ca r a month or more, and may appear several months afte(li[.anly rash-like symptoms

have disappeared. EheTREEoNe STOP AIREAD ARG Ry B3 Ty R T HSRI e TS

rea(ilménli ofaSainfuI
diabetic peuronathyciscantompiied: Riephdacieittestitentcof Hiabetanauripatiiedwould
commence after determination of 20 the initial diagnosis of diabetes or diabetes-associated symptoms
and before o §5{68Fﬁeelﬁ'ropathic pain. Prophylactic treatment of painful diabetic neuropathy may also
commence upon determiminty thblastisutsibreisiae Hstetsildevarmbing disFstds dPeENetes- associated

symptoms. QHEiHQiHéf%ti@%GHi%MQﬁi@rmeﬁgHéﬂ%@oBQM@ﬁ&ﬂﬂdﬁzﬁd%ﬁiﬁt&teﬂaﬁ@mmnt appearance
of neuropathic pain. In an alternative embodimﬁnt, a varignt 25 Neublasti qf%éylgg@ﬂ e is@dministered

n
to reduce th@SFe i SFRERTBEIHEERT IS REE G AAG RS ad E Freatment of Nervous
System DisotelespitilevarianiietiNiasiinpolyeptidebdisclosdl eteiriradephamaceutical
compositions comprising same) can be usedin.the HsAMENL ALPISYRRNORGiBefgNes 30 system
disorder in a sﬁbjecfgfsucah 35 a human , by administering to a subject in need .
peripheral neuropathy, Alzheimer’s disease, Huntington’s disease, Parkinson’s disease,
amyotrophic lateral sclerosis (ALS). Such variant Neublastin polypeptides can be used in

the treatment of impaired memory, e.g., memory impairment associated with dementia.

15
The following are examples of the practice of the invention. They are not to be
construed as limiting the scope of the invention in any way.
Examples
20

Example 1: Design and Synthesis of Variant Neublastin Polypeptides

Human Neublastin was crystallized and its structure revealed a triad of sulfate
ions interacting with the following four Neublastin residues in close proximity to each
other: Argl4, Arg48, Argd9, and Arg51. Based upon the presence of this triad and their

25  relative spacing to one another, it was postulated that this region of Neublastin could be a
potential heparin sulfate-binding domain. Subsequently, a previously solved heparin
sulfate structure was docked (in-silico) to Neublastin at the site of the sulfate triad.
Heparin sulfate fit precisely in this position, suggesting that this region within Neublastin
has potential for heparin sulfate binding.

30 The Neublastin crystallization data also revealed that the following amino acid

residues provide supplementary interactions with either the triad of sulfate ions or with
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thereof a therapeutically effective amount of a variant Neublastin polypeptide, a 20 WO 2006/023781
PCT/US2005/029637 composition containing a variant Neublastin polypeptide, or a complex that
includes a stable, aqueous soluble conjugated variant Neublastin polypeptide coupled to a

polyalkylene ngaietyosisihas, €.9., PEG. The nervous system disorder can bgapggRigipbpgrvous
system disorder, such as 5 a peripheral neuropathy or a neuropathic pain syndrome. Humans are
preferred subjects for treatment. A variant Neublastin polypeptide is useful for treating a defect in a
neuron, including without limitation 1.esioned neurons and traumatized neurons. Peripheral nerves
that experience traurna include, but are not limited to, nerves of the medulla or of 10 the spinal cord.
Variant Neublastin polypeptides are useful.in the treatment .of eperative di , e.g.,
cerebral iscHBIE ASEFSHAPERS E?ﬁgﬁ%ﬁ%stﬁmﬁtéﬁg?aﬁe%@ﬁﬁ%%r?%%ﬁgpaf%)?é A%ﬁﬁ?% disease,
Huntington'sTdisease9, Rerkis Sris2fistases, Areydubphiciaedd ddérdsiaddiie) tahesWisiant

Neublastin polypepifes, €0, ¥55H/B 1A HERITIENK L YR 6k BB 0R, &G smemOry Impairment
associated wit dn entia. 15 The following are examples of thef actice of the. inveption. They are not
to be constrbdiag Wiﬁﬁ’@gﬁﬂé“ééﬁﬁ)%eﬁ‘f%%qﬁ\?m FHISHINER T%Qdﬁeplﬁoé[gnﬁﬁ‘gkamﬁle 1: Design
and Syn#esig by atankMevhiasin Belypeplidesctiratan ineubiastin wasredygtatlivediaad its structure
revealed a trigd of sulfate ions interacting wit following: | ' 1 se proximity
to each otheﬁyﬁ?éﬁl,%orglg?%rg%? and ﬂ}ag‘ze <'21%§e%d(L S\g(l’ogf? }}h%g aﬁ%ﬁ%ﬁhis%& gi]rsl?{?heir 25
relative spacifgdoahia trrothstaismasye skt aomEburs fedhsmereibdsn L6uhtbe a potential

heparin Su|faﬁ%§li{§ﬂég}gggmﬁiﬁm§&b§gg%tmtﬁeg{@{@ﬂﬁly solved heparin sulfate structure was
0

docked (in-silico) fo Neublastin at the site.of th sulfateftggsld. depe r'r(]3 sulfate fit prec in this
position, suggesting! it isersy B UG RISEISTZAS Qrwasep}?ﬁenﬁc’j J?o eparin su{ffa@imdmg.
10 domain, three individual single amino acid residue substitutions were made within the
mature 113 amino acid human Neublastin (SEQ ID NO:1). The arginine residues at cach
of position 48 (variant named “Arg48E”; SEQ ID NO:2), position 49 (variant named
“Argd9E”; SEQ ID NO:3), and position 51 (variant named “Arg51E”; SEQ ID NO:4)
were replaced by glutamate (i.e., three different single amino acid variant constructs were
15  prepared) with the intention of changing the residue charge from one that would attract
sulfate to one that would repel, and to potentially stabilize surrounding arginine residues.
Proteins were refolded and purified from E. coli inclusion bodies (see WO 04/069176).
Fach Neublastin variant was subjected to analysis to verify structural integrity and
confirm the correct residue substitution. All three mutants were structurally comparable

20  to the wild-type human Neublastin.

Example 2: Cationic and Heparin Sepharose Chromatography
The variant Neublastin polypeptides were subjected to further biochemical

analysis to determine the effect each mutation had on heparin binding. Heparin

25  Sepharose and cationic chromatography were both employed. Since wild-type human
Neublastin is a basic protein with an apparent pI of 11.31, Neublastin binds efficiently to
cationic-based resins. A single conversion of arginine to glutamate decreases the
apparent pI to 10.88. However, this lower pI was not expected to dramatically alter
cationic resin-binding nor was it expected to alter the elution profile of the mutants

30  compared to that of the wild-type control.
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30 The Neublastin crystallization data also revealed that the following amino acid residues provide
supplementary interactions with either the triad of sulfate ions or with 21 WO 2006/023781
PCT/US2005/029637 one or more of three other sulfate ions that interact with Neublastin: Ser 46, Ser
73, GLy 72, Avg 3 edaiin k1 Ser 20, Arg 68; Arg 33, His 32, and Val 94. In addtiprdoiag sidfate
binding sites revealed by the crystal structure, Neublastin contains a heparin sulfate binding site
consensus sequence (GPGSRAR) at residues 3-9 at its N-terminus. This 5 region was unstructured in
the crystal structure but may become ordered upon binding glycosaminoglycans. The region is likely
to be close in space to the three sulfate cluster observed in the crystal structure (Argl4 contributes to
the heparin-binding site that is mainly centered in the hinge.regjon of the protein). To inyestigate the
biological relevancgg?)‘fhtﬁétﬁ‘él‘@ﬁf?é’ltfm (H?%Vgﬁﬁé't%yﬂ' cﬁ¥%e ]i%gg%arsr%]lr? ° t%)cé hdivi %él{%?ngle amino
acid residue gubsiiinitiohsowetegmplle Withistheenvetr i0adS! amintssieio huffarsoeaipiagtin (SEQ ID
NO: 1). The argipine resi itioR: i i v 1RBMNO:2), position
49 (variant n§rﬁ%@épﬁ/&%§a%%%?§%%%?§ ﬁé@%ﬁ%‘%ﬁsﬁﬁ?ﬁ?ﬁ% b?;%%gﬁ-ﬁﬁlsﬁ"; SEQ ID
NO:4) were rabEedisBysigiingiate fieMmnandneraiit NG RO ST L8d%a é%%ﬁstructs were 15
prepared) withdhg.inteetionick clzanging shewesitueicharae froyk edhathwoalkdeattratthsulfate to one

that would repel, and to patentially stabilize surrounding arainipe Jesigdkes, sFPLalginswese refolded and
purified from .egéﬂ‘fﬁglh%&ﬁeégv |e§n(a559é @82%8%%%?%%5:% Neubiasltli%rvariaﬁtgwas subjected to

analysis to vasifestluctuedPitegrity siid donfas Breledhrend esriedstibigih Waheh &8 imutants
were structurglly, GompaIaRe 2Oe el (Ei%.ezm;'m@dk Newblastin Exesople L ré&peianielgnd Heparin
Sepharose Chromatography The variant Neublastin po(‘%%%ptides 1ire ﬁ“@%‘%}gq gg fugglt%r
biochemical ARAIJEETRRotbrsnrE i b B da PR GHALST ARG Bh Reparn binding. Heparin 25
Sepharqge arghicatiosiiciahy amatngrapi: wire totmemiaged. Since wild-type human Neublastin is a
basic protein with an apparent ol of 11,54 Neublasia hindseficianl arcalanie based resins. A
single conversion of arginine {6 glutamate decCreases the apparent pl to 10.88. However, this lower pl
was not expebiedite crelrrdtibalfiragaputants (along with wild-type human Neublastin) was

subjected to Heparin Sepharose chromatography (Fig. 2B). Binding and elution

conditions were similar to those used for cationic chromatography. However, the

15  observed elution profile was significantly different from the cationic resin elution profile.
Wild-type Neublastin eluted at approximately 720 mM sodium chloride (Fig. 2B;
Peak H) whereas Arg51E, Arg49E, and Arg48E eluted at 570 mM (Fig. 2B; Peak G),
510 mM (Fig. .’ZB; Peak F), and 450 mM (Fig. 2B; Peak E) sodium chloride, respectively.
Arg48E appeared to have a particularly dramatic effect on heparin binding. Taken

20  together, these chromatography profiles suggested that each mutation decreases

Neublastin’s apparent affinity for heparin.

Example 3: Anionic Chromatography

At standard pH conditions of 6.5 and a sodium chloride concentration of 150 mM,
25  Neublastin does not bind to anionic resins. In contrast, heparin sulfate does bind to
anionic resins under these same conditions.

When Neublastin was pre-mixed in a 1:1 molar ratio with 16-kDa-heparin sulfate
and applied to an anionic matrix using the above conditions, Neublastin bound and eluted
with 600 mM sodium chloride (Fig. 3B, lanes marked “FT”), suggesting that Neublastin

30  was binding the anionic matrix through its interaction with heparin sulfate. In the

absence of heparin, Neublastin did not bind to the anionic resin (Fig. 3A, lanes marked

23



cationic resin-binding nor was it expected to alter the elution profile of the mutants 30 compared to that
of the wild-type control. 22 WO 2006/023781 PCT/US2005/029637 Each of the mutants (along with
the wild-type Neublastin control) was subjected to cationic chromatography. The samples were loaded
onto resin in bufesgeentalzng 5 mM phosphate pH 6.5 and 150 mM sodium Gilqyiee fadlewes by
elution with a linear salt gradient starting at 150 mM and ending with IM sodium chloride. Wild-type 5
Neublastin eluted at -800 mM sodium chloride (Fig. 2A; Peak D), whereas each of the three mutants
eluted within a salt range of approximately 500 mM, thus reflecting their lower pl. Arg49E and Arg51E
(Fig. 2A; Peaks B and C) eluted with slightly higher salt than was required to elute Arg48E (Fig. 2A;
Peak A) (520.M v2 490 WMy Lespepvele, Fhiniiferancs stigaesied hat AtgdSisimare surface

accessible and'c es more catronr ngt an that of the other two mutations. To
determine wh&hgptis E&g:&od@mpgeb&ﬁ@tﬁtm erieancatfatediepdpathiBmdREERch of the three
mutants (alor@lgﬁgggawrld type human Neublastin) was subjected to Heparin Sepharose
chromatography (Fig. 2B). Binding and elution conditions were similar to those used for cationic
chromatography However the 15 observed eIutron proflle was significantly different from the cationic
agpraximdtsly 720 mM sodium chloride (Fig. 2B;
Peak H) whereas Afg asoespr%gEeeqrmrg%%w@maqlmrgp@aw@ BeAK Sl NM (Fig.

2B; Peak F), and 4 Peak E) sodium chloride, respectively. Arg48E appeared to have
a particularly ‘Ghrineeic et @ﬁ%ﬁ%ﬁ@b‘rﬁﬂﬁﬂgﬁ WQH?@I@E&H@V DiRERE AN AR graphy profiles
suggested th@éﬁ@%héﬂtﬂéad@aﬁﬁweaﬁeerMﬁybiesmlexamaeemﬁfﬁmyerﬁrﬂnppmm@mmple 3:
Anionic Chro 8‘%1%% ?ﬁhybl r][daroll Blll_1|fcc }clirtrons oflg1 5 ancliec f,odrum chloride concentration of 150

<3 arin
mM, 25 Neu 8 5t Bind 16 amonic resins. contrast Heparrn sulfate does bind to anionic

resins uh@ler these ﬁmtmﬂdmwmtmdﬂﬁleskww@sﬁséﬁﬁrmm ¥as PrBlEefatibtvith
16-kDa-hepainyeplfate ard applied Lo alARPWE: Ml Msiag tharbevercaniiansoiigublastin bound

and eluted

along with increasing amounts of 16 kDa heparin sulfate and incubated at 37°C for
4 hours. Following incubation, the cells were pelleted by centrifugation and remaining
non-bound Neublastin in the supernatant was subjected to SDS/PAGE analysis. After
15  quantification of each protein band by densitometry, the resulting optical density value
was plotted against the heparin concentration in each sample (Fig. 4).
At the two lower heparin concentrations, both the wild type and the mutant
Neublastin forms had equal amounts of protein identified in the supernatant. However,
as the heparin concentration increased to 0.5 ug/ml and higher, more wild-type
20  Neublastin was identified in the supernatant than that of the Arg48E mutant. This
observation suggested that heparin can compete with cell surface-bound heparin for wild-
type Neublastin binding (i.e., binding of heparin to wild-type Neublastin results in its
removal from the cell surface), whereas heparin cannot as readily compete off the
Arg48E mutant. At the highest heparin concentration (50 ug/ml), the Arg48E mutant
25  began to elute off the cell surface, suggesting an ionic interaction between heparin and

the Arg48E mutant might be responsible for this observation.

Example 5: Heparin Binding of Wild Type Neublastin and Variant Neublastin

Polypeptides
30 To further investigate the role of the identified arginine triad as a heparin-binding

site of Neublastin, a heparin binding ELISA was established. In brief, an anti-Neublastin
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with GQO r_nM sodium chloride (Fig. 3B, lanes marked "FT"), suggesting that Neublastin 30 was binding
tr_le anionic matrix through its interaction with heparin sulfate. In the absence of heparin, Neublastin
did not bind to the anionic resin (Fig. 3A, lanes marked 23 WO 2006/023781 PCTIUS2005/029637

"FT") and no NeyBlastinselyted with 600 m1V1 sodium chloride (Fig. 3A, Ianeg(srpt&(é%gs {0@% n").

These data provide further evidence of Neublastin's ability to bind to heparin. xample 4: Chinese
Hamster Ovary Cell Binding Studies Neublastin has been shown previously to bind non-specifically to
the surface of Chinese Hamster Ovary (CHO) cells. A Neublastin CHO cell-binding assay was
established to determine whether this interaction is mediated, at least in part, through Neublastin's

binding to cell surface heparin sulfate molecules. 10 Wild-type human Neublastin ug) or the
Arg48E mutaPIWES e R Wit C?ﬁ%%ﬂ?@ﬁ)‘é’%&ﬁ%ﬁt&tfgl&me é%?’sﬂ?ﬁ?&‘lﬁli%ﬁnéé%pletely binds both
Neublastin fokmsialengnwish increasiagiafenntsRib by kbal hepaiinve fiite addethtutbated at 37C to 4

hours. Following i ation, the.cells were pellet centrif lon: Toll 5
Naublastn TR o S S N e e each
protein bar_1dLtsine@r&i@ﬂéﬁ%m@r%ﬂﬂ%@edﬂﬁta%@w&wm&%@%%ﬁ%@%%ﬁﬁgﬁﬁé heparin
fﬁ;?ﬁ&ﬁ?o&%bﬁ@%l ? 3 ?K‘RJES éfsgi ﬁ)cﬁ}hﬁ%Q%M'%)ﬂ@hﬂ&ﬁg%magﬁ@umiaﬂﬁwa&mm@iId type and
ublastin forms had equal amounts of protein ified supernatant, H
the heparin c%}c\@iﬂr)aﬂ%ﬂw%‘t:?g&ggg é?gnﬁlﬁ/?‘ﬁ}dasnlcg hig%é)#,% r%r@v%&’@?@r ?t\?e‘ﬁ%’lgrgttin?/\\llvaesver’ ®
identified in thewtipeimastyiciaidoatiehte AsgiSEammantid hibstibsen/dtied Sugyedtdd that heparin
can compete i o8| SLBGRIRYDNPALIDan ik bt Mewiesin igdinadiesihying of heparin

to wild-type Neu esults in its removal from the cell surface), whereas heparin cannot as readily
compete off tNE:Arg48E mutant. At the highest heparin concentration (50 ug/ml), the Arg4SE mutant
25 begapg to elute offsheveell speasensoggestingandnitlisperaction belEdnofiepamand the Arg48E

mutant might be respansigle for s, o seaion, RAMPER:HIRAIRFIABEALVHidsDize Neublastin

~10ng/ml, but maximum binding remained the same (Fig. 5). Of the three single point
mutations, Arg48E had the most dramatic effect on heparin binding, with an apparent
EC50 of ~100 ng/ml, but still achieved the same maximum heparin binding value when

15  compared to the unmodified Neublastin forms (Fig. 5). The Arg48E mutant was thus one
hundred fold less efficient in binding heparin as compared to the unmodified Neublastin
forms and ten fold less efficient as compared to the other single substitution mutants.
When both Arg48 and Arg49 were substituted with glutamate, heparin binding was
almost eliminated, resulting in a seven-fold decrease in maximum heparin binding, but

20  the EC50 remained within range of the single point mutants. These results suggest that
Arg48 plays an important role in heparin binding due to its central location in the putative

heparin-binding site.

Example 6: Kinase Receptor Activation Analysis of Wild-Type Neublastin and Heparin

25  Binding Mutants

To determine whether heparin-binding site mutations have an effect on Neublastin
receptor signaling in a cell-based bioassay, mutant Neublastin forms along with the wild-
type Neublastin were subjected to Kinase Receptor Activation (KIRA) analysis.

Each of the single Arg-to-Glu substitution mutants appeared identical to the

30  unmodified control with respect to KIRA activity, suggesting that these mutants are

structurally similar to the wild-type and are capable of activating the Neublastin receptor
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Polypentides 30 To further investigate the role of the identified arginine triad as a heparin-binding site
of Neublastin, a heparin binding ELISA was established. In brief, an anti-Neublastin 24 WO
2006/023781 PCT/US2005/029637 monoclonal antibody was coated onto a 96-well plate, followed by
washing and t{ig, agditinn.Qf one of the Neublastin forms. Biotinylated bepang&q& ? g_gglﬁd to the
plate. Following an additional wash step, the Neublastin/7-leparin complex was identi using a
Strepavidin-HRP conjugate with a chemilurninescent substrate. This heparin 5 binding ELISA was
used to compare wild type human Neublastin 113 amino acid (SEQ ID NO: 1) and 104 amino acid
(amino acids 10-113 of SEQ ID NO: 1) forms to variant Neublastin polypeptides containing a single
amino acid substitution (Arg48E, Arg49 d Ar 155 %3 ID NO%{]E ;‘ﬁas Web as e uble
substitution (G FEnAGE Greest ﬁ5 ’IﬁC@S) |I BpetBrmesst GRS boun?heparin with an
EC50 of -1 ngfmblk&ﬂaﬂmmgbsiemwﬁmdemg@bﬁvwand less efficiently, with an apparent EC50

of -10ng/mi, butm inding imaingd e.seredhis Jb.9f the tiss sindisRginksmutations,
Arg48E had the m%dnamatl [%gect on heparlnablrgglng with an apparent EC50 ofqloo ng/ml, but

still achievedstiaestathto Bk kARs HEp ﬁ@ﬁ?ﬁiﬁ@ggm@%ﬁé?ﬁi% t@&ﬂ?dﬁ%@’t‘i’?ﬁﬁ%’%‘ﬁﬁ%?}a ified
Neublastn fosms,¢hig &M@ﬁﬂ@&&ﬁmm@am& tﬁummmmmfa@mmmm in binding

heparin as compared e un dlfle Ne orms an N f f'fl ilent as compared to
the other smé‘@@iﬁf@lﬂ?ﬁ% Hézhnbo Rgand’ i& %%re su‘f)lstnyut%1 d with glutamate,
heparin blndlmggmwﬁldwbteemmat@ﬂQM@gﬂd%mmm fesrbalse sHhiviehinrReRSTarin

binding, bm% ihe F&R0remainedihi éf’m&@iﬁﬁ?ﬁgl@*ﬁ)p%a&mtqa@tgrgmﬁr@ﬁ@Its suggest that
Arg48 plays ééﬁportant roIe in heparin binding due to its cent | location |n Léatl\le

heparin-bindifgedite’ EdanpreurniidSERIRSFtor N?:‘til(?gt%ﬁDA s.%e%?%ﬁ e Ri8tblastin and
Henarin; @5 BigdingMytaptarte deiermingahetheitiedasirvlaincingnsitd wititatipest ialidRd effect on
Neublastin r%%tele}%r&j%ngﬁr}g in a cell-based bioassay, mutant Neublastin forms along with the wild-

Example 7: Ternary Complex Analysis

Wild-type human Neublastin and each of the heparin mutants were subjected to

15  ternary complex analysis using two slightly different protocols. The first protocol
combined Neublastin’s receptor components (GFRalpha3 and RET) along with
Neublastin in a pool before addition to an ELISA plate coated with capture antibody
(Fig. 8). The second protocol added these components sequentially to an ELISA plate
with GFRalpha3 added first, followed by Neublastin, and then RET (Fig. 9).

20 When the components were added together as a pool, maximum binding was
achieved with both Arg48E and Arg48,49E, suggesting that these Neublastin forms have
the highest affinity for their receptor. Wild-type Neublastin appeared to bind with a
similar affinity to that of the Arg49E mutant, whereas the Arg51E and a triple mutant
(Argd8, 49 and 51 ,all substituted to glutamate) demonstrated the weakest receptor

25  binding.

When the receptor components were added sequentially, Arg48E showed the best
receptor binding. However under these conditions, the double mutant weakly bound to its
receptor with an affinity that appeared similar to the Arg51E mutant. Arg49E and wild-
type Neublastin had an affinity for the receptor that was midway between the observed

30  maximum and minimum binding. The triple mutant did not bind under these conditions.
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type Neublastin were subjected to Kinase Receptor Activation (KIRA) analysis. Each of the single
Arg-to-Glu substitution mutants appeared identical to the 30 unmodified control with respect to KIRA
activity, suggesting that these mutants are structurally similar to the wild-type and are capable of
activating the Hlephlastssgceptor 25 WO 2006/023781 PCT/CS2005/029637, @p¢ SigRalggsascade
(Fig. 6). Furthermore, these data suggest that heparin binding to Neublastin may not be required for
receptor activation. When the Arg48,49E double mutant (SEQ ID NO:5; 113 amino acid form) was
subjected to KIRA analysis, its apparent EC50 was shifted to the left by approximately 5 one order of
magnitude with an increase in its maximum receptor activation when compared with the wild-type
human Neublastin control (Fig. 7A). Similarly, the Arg48,4 Eriioubl uta 6{% 1D NO:7; 104
amino acid f&ﬁﬁ%‘s@@ﬂﬁﬁf@%ﬁ%@%@%ﬁ% sé’é’é’#ﬁ%éc’é?d%%ﬁ%&%g}e Eﬁ%l%sstin (Fig. 7B).
Each of the Afg48;bi-iandc#mgd9,51E double mutants (SEQ ID NO:9 and SEQ ID NO:8, respectively;
113 amino 10 acid forms) appeared similar to the unmodified Neublastin control with respect to IlIRA
activity (Fig. 7B). Example 7: Ternary Complex Analysis Wild-type human Neublastin and each of the
heparin mutairenudecsiigaitad ar V5 ieihagaetiiplex analysis using two slightly different protocols.
The first protocol camhinge:Nedbiastinsregeptasfahagandnisui@ioRatphssuahdtRET) along with
Neublastin in a pogl before addition to an ELISA ated with captur. ' ig. 8). The
second prototSPAGHE " égéu%grﬁ%%%eﬁtsi%gf%%ﬁ%[ﬁg% %gnpeéﬁl ,16% p‘)%ltde&ﬁ%#gg gég%iﬁas added first,
followed by Née#lasdifi2abdy tHBreREFi{FiglB)ueh wwhikndifsreorapvivenisiaried Bdbed together as a
pool, maximuy binding yas-AchieraithiRotBAtade.ard MiahlstO Eusigsasting taatsthese
Neublastin forms have the highest affinity for their receptor. Wild-type Neublastin appeared to bind
with a simiIaFOa‘f‘Fﬁiﬁf féqﬁé{dow,&?ﬁlfé utant, whereas the Arg51E and a triple mutant (Arg48, 49
and 51 aif substituted to glutamate) demonstrated the weakest receptor 25 binding. When the receptor

components ‘ﬁ%ﬁ%%%e%%%h‘%%ﬂ%%ﬁ{%@s SSQP WE %éﬁglg)&ﬁ{[ Arg48. 49E Double Mutant

Human Neublastin exhibits poor pharmacokinetics (PK) when administered to

rats intravenously (IV) or subcutaneously (SC), with an overall bioavailability of less
than 1%. Heparin-based clearance may be one of the reasons for this low bioavailability.
15  To determine whether heparin-based clearance participates in human Neublastin’s rapid
clearance from the rat, the Arg48,49E double mutant (along with the wild-type control)
was subjected to PK analysis.
Both forms were administered separately in rats at 7 mg/kg SC. Serum samples
were collected starting at 1 hour, completed at 96 hours, and analyzed for Neublastin
20  (Fig. 10). The observed area under the curve (AUC) for wild-type Neublastin was ~109
whereas the observed AUC for the double mutant was 20,145. This represented a 185-
fold increase in AUC for the double mutant (compared to wild-type Neublastin) and a
significant increase in serum exposure.
Both the wild type and double mutant Neublastin were also subjected to PK
25  analysis following IV administration (1 mg/kg). The initial plasma concentration of the
double mutant was approximately six-fold higher (diamonds) than that of the wild-type
control (squares) at five minutes following injection but quickly approached wild type
levels within one hour (Fig. 11). These data suggest that the double mutation in
Neublastin aids in increasing serum exposure but does not affect the overall clearance

30 rate.
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receptor bi_nding. However under these conditions, the double mutant weakly bound to its receptor
Wlt.h an affinity that appeared similar to the Arg51E mutant. Arg49E and wild- type Neublastin had an
affinity for the receptor that was midway between the observed 30 maximum and minimum binding.

The triple mutapg dig Hesbipd under these conditions. 26 WO 2006/023781 %%HHS%M 29637
Overall, these data suggest that Arg48 plays a pivotal role in affecting Neublastin's affinity for its

receptor. Example S: Near and Far UV CD Analysis 5 To further investigate the effects of the double
mut_atlons on Neublastin's secondary and tertiary structure, the Arg48,49E double mutant was
subjected to both Near and Far LTV CD analysis. Although subtle differences were detected. in the

secondary and tertiary structures, the conformation .of the dauhle mutant that of th
wild-type Neublastir?%ﬁ“é%?ﬂ’ﬁfe“@%ﬁgr%%é%ﬁﬁé%lg %Eﬁ?fﬁg%ﬁ 13%\?@3%%%%?@%% 8 Zaé Dgut?le )
Mutant Humaieenitstiiexibinposr pherpadokinesioligrr) ovbeneialikeinfier e rats
inuravenously (0ot skheutaneonali (S ithiamResallianvaliabiliuelasscpian %

Heparin-bas earance may be one of the reasons for this low bioavailability. 15 To determine
whether heparissalssdraslsrirlls pepIFARL Y H5UATER Neublastin's rapid clearance from the rat, the

Arg48,3%E_ qoum% Mdtamiraong with theiehl tksypaatnts el andsisnijgoteldtonRi thaaysistiBoth forms
were administere arately, in.rats at 7 ; taglng at 1 hour,
completed at %‘ﬁ%%?f?%ﬁ ?ﬁ%%éﬁ%%?tIgge%ﬁgggﬁe%%g%I%?%%%@;?E}g%%geﬁ\%ﬁ%%n_der the curve
(AUC) for wildstpgé Retiskestiowpdisg themiatore dinesdNspaispiadsalrenordmecasibiasmatist was

20,145. This fepreseniedad83ofelsh neieasesiR A fpriha-danblemndtaniiaomzased to wild-type
Neublastin) and a significant increase in‘serunée osure. Bothb he.wild t e.ﬁn&itgouble mutant

Neublastin wBIPATEE s e Lte 8 i BRETERAR SR RIRG AP RURSIMSTRHOR (£ my/kg). The initial

plasma opncenttaiencidihad dobjetechotamtwasapgroxivgiteastykisdtimghe Pidiernonds) than that of
the wild-type 2X10K. PEG Arg48, 49F double mutant was injected either TV (1 mg/kg) or SC (7

mg/kg) into rats and serum collected at various time points for analysis. Following IV

administration, 2X10K PEG double mutant achieved the theoretical Cmax of 10 ug/ml

(diamonds) with typical alpha and beta phases (Fig. 12). SC administration of the

15 PEGylated double mutant demonstrated a Cmax of 40 ng/ml at 24 hours injection

(Fig. 12). Once the drug reached circulation, the apparent rate of clearance paralleled

that of IV dose. Bioavailability of this construct was approximately 10% compared to

less than 1% for the non-PEGylated or PEGylated wild type human Neublastin.

20 Example 10: Expression of a Neublastin Heparin-Binding Mutant in Chinese Hamster

Ovary Cells
Plasmid constructs encoding wild type and mutant Neublastin were expressed in

CHO cells and the amount of secreted soluble protein was measured by ELISA. The
plasmid constructs used in these experiments encoded a fusion protein containing the
25  human growth hormone signal peptide (SigPep) (with or without an intron included in the
plasmid) fused to (i) the carboxy terminal 104 amino acids of wild type human
Neublastin, or (ii) the Arg48,49E double mutant (104 amino acid form).
The following are the amino acid sequences of the Neublastin fusion proteins
used in these experiments. The Neublastin sequences are in upper case type. The human

30  growth hormone signal peptide sequences are in lower case type. The junction of the
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control (squares) at five minutes following injection but quickly approached wild type levels within one
hour (Fig. 11). These data suggest that the double mutation in Neublastin, aids in increasing serum
exposure but does not affect the overall clearance 30 rate, 27 WO 2006/023781 PCT/US2005/029637

Taken togethag Wb 261 observation, heparin-binding appears to be espegiaii;tala¥apsfollowing
SC administration, perhaps resulting in a depot-like effect. Once Neublastin enters circulation, the rate

at which the double mutant and wild type molecules are cleared is approximately the same. 5 To
address the rate at which Neublastin is cleared from circulation in the rat, both the wild type and
double mutant forms of Neublastin were PEGylated with 10 kDa PEG using SPA-based coupling

chemistry. Since, NeuRIasIn2.Bpme: AMELul iRAaIE EDe Asid iR Oaklaa noieties

specifically laelad e anino terminus of each monomer. 2X10K PEGylated human double mutant
neublastin wasspimfiets wnd dhempeénbityd-and subjected to structural and biological analysis prior to
PK analysis. 2X1 Qf{,BEGNIG48id a0 ublesidiantonas-inigeiad RIBHE(RIRFKI)IEC (7

mg/kg) into rats and serum collecte vari [ ints.far i j gIMy Histration,

2X10K PEG M&%M%W%%M%%%ﬁ%ﬁ?ﬁ%%@m W%%@t‘%ical alpha

and betaphaseP (RYELY SEUBUMEISHRTSMBLRA I8 HHEEWEEQHBI® hikant demonstrated a

Cmax of 40 ng/mi a;?%‘b%%ﬁé%g@a@@g-A&ﬁm@m@mq@@a@m@mmm@mpparent rate
e

of clearance paralle at of IV dose. Bioavailability or this_construct ' 0%
compared to YA TR SOEIERGREP B%B&%ﬁmlgﬁm%é in. 20
Example 10: Expiesgion of3NenhiastiniapanRIBIAGIAG MO (SECHineEe Mamster Ovary Cells
Plasmid constructs @%ﬁ%‘e %"%%9&%&&%@%&%%%& Nsy%‘é s'%%"\ D %a%ﬁ%fﬁ'ﬁ%%g%oﬁ Ruglls and the

amount of secreted € protein'was measure . Thé plasmid constructs used in these
experiments efittobthsifusidrpioteditddtaisihglates 28 farsareaovrekhoribriBa erstipehtide

(SigPep) (with Qithoutaniatiandrelideainthss plasmid)fuseddn (otmoadianydierminal 104 amino
acids of wild type human . . )

analyzed by ELISA to measure the titer of soluble Neublastin. The cumulative

absorbance data for each plasmid tested (mean value with one standard deviation as error

bars) was detected.

15 Transfection of CHO cells with plasmids encoding the Arg48,49E double mutant
resulted in a significantly increased number of cell lines exhibiting high expression levels
of recombinant protein, as compared to cells transfected with plasmids encoding wild
type Neublastin (Fig. 13).

The leading cell lines from each transfection were further expanded. Fixed

20  numbers of cells were cultured for three days and total cell count, viability, and titer were

determined. The titers of Neublastin expressed from the leading Arg48,49E double

mutant cell lines were roughly five-fold greater than those of a leading wild type

Neublastin cell line (Fig. 14).

25 Other Embodiments

While the invention has been described in conjunction with the detailed
description thereof, the foregoing description is intended to illustrate and not limit the
scope of the invention, which is defined by the scope of the appended claims. Other

aspects, advantages, and modifications are within the scope of the following claims.
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Neublastin, or (ii) the Arg48,49E double mutant (104 amino acid form). The following are the amino
acid sequences of the Neublastin fusion proteins used in these experiments. The Neublastin
sequences are in upper case type. The human 30 growth hormone signal peptide sequences are in
lower case type. The junction of the 28 WO 2006/023781 PCT/US2005/029637 signal peptide and
Neublastin sequences is indicated with a carat (*). The amino acids at positions 48 ankl @9Lare
underlined. SigPep-NBN (wild type): matgsrtslilafgliciswlgegsaAAAGARGCRLRSQLVPV
RALGLGHR%%\(%FRFCSGSCRRRARSPHDLSLASLLGAGALRPPPGSRPVSQPC 5
CRPTRYEA STWRTVDRLSATACOCLG (SEQ ID NO:13). SigPep-NBN (Arg48,49E):
matgsrtslilafgliciswigegsa®”AAGARGCRLRSQLVP

VRALGLGHRSDELYRFRFE SGNEREARSEHRIBLASHHRARALRRRRESRAVEQR: 80%
CCRPTRYEAVSFMDVNSTWRTVDRLSATACGCLG (SEQ ID NO: 14). CHO cells were transfected

with plasmidsidpiéing eatncotais 10rdddingTERIP MNPk NESEHS T AR UREIEFINESE-well plates.
After several waekswells dhat£RUAINEDSQMRGGEIS Ware tansierethioreshdecwvalkliture

plates. Conditioned medium was analyzed by ELISA to measure the titer of soluble Neublastin. The
cumulative abd6r&FamecaRtsHHE S4ch plasmid tested (mean value with one standard deviation as error

bars) was detected. 15 Franstestionef GHOcelnwihRasmidmeRdRe theAGABiA8E Aauble

mutant resulted in a significantly increased number of cell lines exhibiting high expression levels of
recombinant préfeil) ﬁ@édr’npared to cells transferted with plasmids encoding wild type Neublastin

(Fig. 13). The |eadinQrpﬁuli}ﬂﬁ&f@&hgﬁﬁﬁﬁfﬂd%ﬁﬁ%imwgsiﬂﬁh@bﬁéﬁﬁﬁ@wg e d0mumapers of

cells were cultured for three days and total cell count, viability, and titer were determined. The titers of
Neublastin expFéddBaMfom tARdeading Arg48,49E double mutant cell lines were roughly five-fold

greater than those of,a JeadingomleiivpenMNeubiastincelt siloid cdhsgdn@iheBmbodinents While
the invention has been described in conjunction with the detailed
SEQ ID NO: 1,
wherein the amino acid sequence comprises an amino acid other than arginine
substituted at the positions corresponding to position 48 and position 49 of SEQ ID
NO:1, wherein the polypeptide, when dimerized, binds to a complex containing

GFRalpha3 and RET, and wherein the polypeptide exhibits decreased heparin binding
as compared to the wild-type neublastin protein of SEQ ID NO:1.

2. The polypeptide of claim 1, wherein the arginine residue at position 48
and the arginine residue at position 49 of SEQ ID NO:1 are substituted with non-

conservative amino acid residues.

3. The polypeptide of claim 1, wherein the arginine residue at position 48
and the arginine residue at position 49 of SEQ ID NO:1 are each substituted with

glutamic acid.

4, The polypeptide of any one of claims 1 to 3, wherein the amino acid

sequence is at least 90% identical to amino acids 15-113 of SEQ ID NO:1.

5. The polypeptide of any one of claims 1 to 3, wherein the amino acid

sequence is at least 95% identical to amino acids 15-113 of SEQ ID NO: 1.
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description thereof, the foregoing description is intended to illustrate and not limit the scope of the
invention, which is defined by the scope of the appended claims. Other aspects, advantages, and
modifications are within the scope of the following claims. 30 29 MCSs { p CLAIMS 1. A polypeptide
comprising an amino acid sequence that is at least 80% identical to amino acids 15-113/afSSE® ID
NO:1, wherein the amino acid sequence comprises at least one amino acid substitution, relative to
SEQ ID NO: 1, selected from the group consisting of an amino acid other than arginine at the position

corresponding 0 pogiion 4301 SEQID NG 1 2, T aid fbar Ian akaning gl positon

corresponding to position 49 of NO: 1;"and an amino acid other than arginine at the position
correspondingi¢ausosttioritast SSEQIena): to aptiessiti dhd arhin @ BeldSHYN¥ACe comprises an amino
acid other than arginine substituted at the positions corresponding to position 48 and position 49 of
SEQ ID NO: I, wherein the polypeptide, when dimerized, binds to a complex containing GFRalpha3
and RET, and wherefn the pﬁ’o@@&Bﬂﬂ@é)@?mﬁﬁé&@%&aﬁéﬁdﬁnlﬂﬁQﬁ%E@§QM8ré‘&1t80the

wild-type neublagtin Liqteiy &P AN atise J01gsAelyPEPYeSIab alaircls whgksindhe akginine

residue at position 48 and the arginine residue at position 49 of SEQ ID NO:1 are substituted with
non- conservakhicarmird Bt Pesiduagozcidsd %ﬂlﬁbéﬁﬁg@dﬁ%ﬁ%gl ofyhararetds dryihietesidue at

position 48 arg:therarainieRsidHeRLRASHISN A2 ohpRRI BN Acie eachsubstigtas with glutamic
acid. 4. The polypeptide of any one of claims Ito 3, wherein the amino acid sequence is at least 90%
identical to amWSacids 15-113 of SEQ ID NO: 1. 5. The polypeptide of any one of claims Ito 3,
wherein the amino acid

8. The polypeptide of claim 7, wherein the polypeptide comprises amino
acids 10-113 of SEQ ID NO:5.

9. The polypeptide of claim 7, wherein the polypeptide comprises the
amino acid sequence of SEQ ID NO:5.

10. The polypeptide of claim 7, wherein the polypeptide consists of amino
acids 15-113 of SEQ ID NO:5.

11. The polypeptide of claim 7, wherein the polypeptide consists of amino
acids 10-113 of SEQ ID NO:5.

12. The polypeptide of claim 7, wherein the polypeptide consists of the
amino acid sequence of SEQ ID NO:7.

13. A dimer comprising two polypeptides according to any one of claims 1

to 12.

14. A conjugate comprising the polypeptide of any one of claims 1 to 12

conjugated to a non-naturally occurring polymer.
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sequence is at least 95% identical to amino acids 15-113 of SEQ ID NO: 1. 30 MCSLLP 6. The
polypeptide of any one of claims | to 3, wherein the amino acid sequence is at least 98% identical to
amino acids 15-113 of SEQ ID NO: I. 7. A polypeptide comprising amino acids 15-113 of SEQ ID
NO:2, amino acids 15-113 of SEQ ID NO:3, amino acids 15-113 of SEQ ID NO:4, aming, agidsp15-
113 of SEQ ID NO:5, amino acids 15-113 of SEQ ID NO:8, or amino acids 15-113 of SEQ ID NO:9,
wherein the polypeptide comprises amino acids 15-113 of SEQ ID NO:5. 8. The polypeptide of claim

7 uherein the polypegtce qampisesAMpe A6IIa KIS OESEQRNALG ST RoMRgRLe o

claim 7, wherein the polypeptide comprises the amino acid sequence of S 0. The

polypeptide oficlapmiyrlkyhereig thel polypeptide consists of amino acids 15-113 of SEQ ID NO:5. 11.
The polypeptide of claim 7, wherein the polypeptide consists of amino acids 10-113 of SEQ ID NO:5.
12. The polypeptide of claim 7, wherein the polypeptide consists of the amino acid sequence of SEQ

ID NO:7. 13. A dimer €omprisimectvegpisiypepridesoacduiginghe pelyBle Gicctiyss © to 12. 14. A

conjugate corgg{' ingithe pRlypeptide of any one of claims 1 to 12 conjugated to a non-naturally
occurring polymer. 31 MCSLLP 15. The conjugate of claim 14, wherein the non-naturally occurring
polymer is a polyalkylene glycol. 16. The conjugate of claim 15, wherein the polyalkylene glycol is

polyethylene glycol. 17. ThergorjygatefaaxPasfrcaims 14 0 kB Wrigimthgonanmatually

occurring polymer is coupled to the polypeptide at the amino terminus.

18. The conjugate of any one of claims 14 to 16, wherein the non-naturally

occurring polymer is coupled to the polypeptide at an internal polymer conjugation site.

19. A fusion protein comprising the polypeptide of any one of claims 1 to 12

and a heterologous amino acid sequence.

20. A pharmaceutical composition comprising the polypeptide of any one of
claims 1 to 12, the dimer of claim 13, the conjugate of any one of claims 14 to 18, or the
fusion protein of claim 19 and a pharmaceutically acceptable carrier or excipient.

21.  The polypeptide of any one of claims 1 to 12, the dimer of claim 13, the
conjugate of any one of claims 14 to 18, the fusion protein of claim 19, or the

pharmaceutical composition of claim 20 for use as a medicament.

22. A nucleic acid comprising a sequence that encodes the polypeptide of

any one of claims 1 to 12.
23. An expression vector comprising the nucleic acid of claim 22.
24. A cell comprising the expression vector of claim 23.

25. A method of making a polypeptide, the method comprising:
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occurring polymer is coupled to the polypeptide at the amino terminus. 18. The conjugate of any one of
claims 14 to 16, wherein the non-naturally occurring polymer is coupled to the polypeptide at an
internal polymer conjugation site. 19. A fusion protein comprising the polypeptide of any one of claims

| to 12 and a heterologous amino acid sequence. 20. A pharmaceutical composition CW si?g the
polypeptide of any one of claims Ito 12, the dimer of claim 13, the conjugate of any on Aims 14 to
18, or the fusion protein of claim 19 and a pharmaceutically acceptable carrier or excipient. 21. The

polypeptide of any ot%%ggﬁﬁ(l:%%% 1iQ (}@ﬂmg@%@f claim 13, the conjugate of any one of claims 14

to 18, the fusion protein o im 19, or the pharmaceutical composition of claim 20 for use as a
medicament. 22. A nudleitracitecshhpriding endéipnsribel trrirdhewelessthe polypapegis 8fidny one of
claims 1 to 12. 23. An expression vector comprising the nucleic acid of claim 22. 24. A cell comprising
the expression vector of claim 23. 25. A method of making a polypeptide, the method comprising: 32
MCSLE_p providing2he celef efdlin MT%%‘@QHWEQP&FG@%%RW T HasHITE &kpression

of the nucleic acid. 26, 1Jse:of themhasmacsetical SaBRLIRLCBLS:E0 i themanufacture of a

medicament for treating or preventing a nervous system disorder in a mammal. 27. Use of the
pharmaceutical composition of claim 20 in the manufacture of a medicament for treating neuropathic

pain in a mammal. 28;Use ptthe pRlynaplide.afianyone e ¢laimsclala 12 thedimer.efelain; 13, the

conjugate of any one of claims 14 to 18, the fusion protein of claim 19, or the pharmaceutical
composition of EMEHiFZDGR! e WraHOEmREUFE RS TRadIcAM BRI MR hctivating the RET receptor in a
mammal. 29. The use of any one of claims 26 to 28, wherein the mammal is a human. 30. A
polypeptide comprising an amino acid sequence at least 80% identical to aming acids 15-113 of SEQ
ID NO: 1, wherein th@%miny%ﬁ%ﬂéﬁé%&%ﬁfié@é% of claims 1 to 12, the dimer of claim

13, the conjugate of any one of claims 14 to 18, the fusion protein of claim 19, or the
pharmaceutical composition of claim 20 in the manufacture of a medicament for

activating the RET receptor in a mammal.
29. The use of any one of claims 26 to 28, wherein the mammal is a human.

30. A polypeptide comprising an amino acid sequence at least 80% identical
to amino acids 15-113 of SEQ ID NO:1, wherein the amino acid sequence comprises at
least one amino acid substitution, relative to SEQ ID NO:1, selected from the group
consisting of:

an amino acid other than serine at the position corresponding to position 20
of SEQ ID NO:1;

an amino acid other than glutamine at the position corresponding to position 21
of SEQ ID NO:1;

an amino acid other than histidine at the position corresponding to position 32 of
SEQ ID NO:1;

an amino acid other than arginine at the position corresponding to position 33
of SEQ ID NO:1;

an amino acid other than arginine at the position corresponding to position 39 of

SEQ ID NO: 1;
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least one amino acid substitution, relative to SEQ ID NO: 1, selected from the group consisting of: an
amino acid other than serine at the position corresponding to position 20 of SEQ ID NO: I; an amino
acid other than glutamine at the position corresponding to position 21 of SEQ ID NO: 1; an amino acid
other than histidine at the position corresponding to position 32 of SEQ ID NO:1; an aming;agid, @ther
than arginine at the position corresponding to position 33 of SEQ ID NO:1; an amino acid other than
arginine at the position corresponding to position 39 of SEQ ID NO: 1; MCS1_LP an amino acid other

than serine at the posiign SATERPARSIIALR ASNANAL ALEERIR QA0 ArTinaAd pther than

arginine at the position corresponding to position 68 of' SEQ ID 1 mino acid other than
glycine at the pB&tidhNOrrésponding to position 72 of SEQ ID NO: 1; an amino acid other than serine

at the position corresgpRding 10;RORHANL4Y Qg%%ﬁ%aﬁggga&ﬁamggﬁfkm@qw&mﬁm@waline at

the position corresponding to position 94 of wherein the polypeptide, when dimerized,
binds to a conipieklEbNaining GFRalpha3 and REf. 31. The polypeptide of claim 30, wherein the

amino acid sequences,alRast; P9 IARIGR (o amite 8GERAIA3 LSRR 1D NGl The

polypeptide of claim 30, wherein the amino acid sequence is at least 95% identical to amino acids
15-113 of SEGHO NOND:33. The polypeptide of claim 30, wherein the amino acid sequence is at least

98% identical to aming a¢igs, Lord haf REQIRN G the position corresponding to position 73 of
SEQ ID NO: 1; and
an amino acid other than valine at the position corresponding to position 94 of
SEQID NO: 1,
wherein the polypeptide, when dimerized, binds to a complex containing

GFRalpha3 and RET.

31.  The polypeptide of claim 30, wherein the amino acid sequence is at least

90% identical to amino acids 15-113 of SEQ ID NO:1.

32.  The polypeptide of claim 30, wherein the amino acid sequence is at least

95% identical to amino acids 15-113 of SEQ ID NO: 1.

33. The polypeptide of claim 30, wherein the amino acid sequence is at least

98% identical to amino acids 15-113 of SEQ ID NO:1.

34. A polypeptide comprising an amino acid sequence at least 80% identical
to SEQ ID NO:1, wherein the amino acid sequence comprises at least one amino acid
substitution, relative to SEQ ID NO:1, selected from the group consisting of:

an amino acid other than arginine at the position corresponding to position 7 of
SEQ ID NO: 1;

an amino acid other than arginine at the position corresponding to position 9 of
SEQ ID NO:1; and

an amino acid other than arginine at the position corresponding to position 14 of

SEQ ID NO:1,
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34. A polypeptide comprising an amino acid sequence at least 80% identical to SEQ ID NO:1. wherein
the amino acid sequence comprises at least one amino acid substitution, relative to SEQ ID NO: 1,
selected from the group consisting of: an amino acid other than arginine at the position corresponding
to position 7 of SEQ ID NO: 1; an amino acid other than arginine at the position corresporidiirig. td’
position 9 of SEQ ID NO:1; and an amino acid other than arginine at the position corresponding to
position 14 of SEQ ID NO:1, 34 i?CSLi_P wherein the polypeptide when dimerized, binds to a

complex containing GERalafa3 and RET, 35, The palvpeptdelalaim, 4 ystein e amino acid
sequence comprises an amino %m other than arginine at’t e posmon C(g)rrespon ing to position 7 of

SEQ ID NO:1GBBalphepaolddepiide of claim 35, wherein the arginine residue at position 7 of SEQ ID
NO:1 is substituted with a non-conservative amino acid residue. 37. The polypeptide of claim 35,
wherein the arginine residue at position 7 of SEQ ID NO:1 is substituted with glutamic acid. 38. The
polypeptide of claim 34, whateipeheeptitroodcidisegdenbereoriprisasnancahtieny eittd GINBXIETAN

arginine at the posion coiTEsRRRANG.a 05190, 8L SFOR: NGy 39 The Aalypeaiids ghgaim 35

wherein the arginine residue at positiom 9 of SEQ 1D NO:1 Is substituted with a non-conservative
amino acid rediflué. 40. The polypeptide of claim 38, wherein the arginine residue at position 9 of SEQ
ID NO: | is substituted with glutamic acid. 41. The polypeptide of claim 34, wherein the amino acid
sequence comprises an amino acid other than arginine at the position correépondlng to posmon 14 of

SEQ ID NO: 1. 42. Tie polypemederepiifsind sriwRSraierandistiiseiasicnse ue pormsirn 4

of SEQ ID NO:1 is substituted with a non-conservative amino acid residue.

37.  The polypeptide of claim 35, wherein the arginine residue at position 7
of SEQ ID NO:1 is substituted with glutamic acid.

38. The polypeptide of claim 34, wherein the amino acid sequence comprises
an amino acid other than arginine at the position corresponding to position 9 of SEQ ID

NO:1.

39.  The polypeptide of claim 38, wherein the arginine residue at position 9

of SEQ ID NO:1 is substituted with a non-conservative amino acid residue.

40.  The polypeptide of claim 38, wherein the arginine residue at position 9
of SEQ ID NO:1 is substituted with glutamic acid.

41. The polypeptide of claim 34, wherein the amino acid sequence comprises
an amino acid other than arginine at the position corresponding to position 14 of SEQ

ID NO:1.

42.  The polypeptide of claim 41, wherein the arginine residue at position 14

of SEQ ID NO:1 is substituted with a non-conservative amino acid residue.
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of SEQ ID NO: | is substituted with a non-conservative amino acid residue. 35 MCSLLP 41, The
polypeptide of claim 41, wherein the arginine residue at position 14 of SEQ ID NO:I is substituted with
glutamic acid. 44. The polypeptide of any of claims 34-43, wherein the amino acid sequenc&d%ﬁp
least 90% identical to SEQ ID NO:1. 45. The polypeptide of any of claims 34-43, wherein the amino
acid sequence is at least 95% identical to SEQ ID NO:l. 46. The polypeptide of any of claims 34-43,
wherein the amino acid sequence is at least 98% identical to amino acids 15-113 of SEQ ID NO:1. 47.

A dimer comprising twp polypeptides accarding t y one of claims .30_to 46, 48. A conjugate
comprising the polypé%?tide)g%‘gpﬁgq‘o? ¢ gﬁ%rﬁsoég%é% q’cgﬁfdagtggt%r%%ﬁgﬁ?ﬁ%%}%a §%0§§&éﬁﬁ§ polymer.
49. A fusion prétei{xtmpfising thbgpiolypdptithegbftamycafcafaims 30 to 46 and a heterologous amino
acid sequence. 50. A pharmaceutical composition comprising the polypeptide of any of claims 30 to
46, the dimer of claim 47, the conjugate of claim 48, or the fusion protein of claim 49 and a

pharmaceutically acceptabldloanidymspescipienty 61 chaspilypepritkah dmyoneoiathims 30 to 46,
the dimer of cls?jgfl éﬂ:bt e tqgwigg im4&thefyisign,protein of claim 49, or the pharmaceutical

composition of claim 50 for use as a medicament. 52. A nucleic acid comprising a sequence that
encodes the polypeptide of any of claims 30 to 46. 36 MCSLLP 53. An expression vector comprising

the nucleic acid of clg'igr) 52-Tsl‘fé-p%l%@;ﬁﬁl@%ﬁiﬂgoqq@a‘?ﬁﬁr?ﬁ@nmﬁ efclaim, 53.25- A method of

making a polypeptide, the method comprising: providing the cell of claim 54, and
sequence is at least 95% identical to SEQ ID NO:1.

46. The polypeptide of any of claims 34-43, wherein the amino acid
sequence is at least 98% identical to amino acids 15-113 of SEQ ID NO:1.

47. A dimer comprising two polypeptides according to any one of claims 30

to 46.

48. A conjugate comprising the polypeptide of any of claims 30 to 46

conjugated to a non-naturally occurring polymer.

49. A fusion protein comprising the polypeptide of any of claims 30 to 46

and a heterologous amino acid sequence.

50. A pharmaceutical composition comprising the polypeptide of any of
claims 30 to 46, the dimer of claim 47, the conjugate of claim 48, or the fusion protein

of claim 49 and a pharmaceutically acceptable carrier or excipient.

51. The polypeptide of any one of claims 30 to 46, the dimer of claim 47, the
conjugate of claim 48, the fusion protein of claim 49, or the pharmaceutical composition

of claim 50 for use as a medicament.

52. A nucleic acid comprising a sequence that encodes the polypeptide of

any of claims 30 to 46.
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culturing the cell under conditions that permit expression of the nucleic acid. 56. Use of the
pharmaceutical composition of claim 51 in the manufacture of a medicament for treating or preventing
a nervous system disorder in a mammal. 57. Use of the pharmaceutical composition of claim 51 in the
manufacture of a medicament for treating neuropathic pain in a mammal. 58. Use of the pdfifpeptide
of any of claims 31 to 47, the dimer of claim 48. the conjugate of claim 49, the fusion protein of claim
50, or the pharmaceutical composition of claim 51 in the manufacture of a medicament for activating

the RET receptor in & mammal, 39, TG 86 ' @Mp AN URAINE:REL9 LS wifreh the mammal is a

human. 37

54. A cell comprising the expression vector of claim 53.

55. A method of making a polypeptide, the method comprising:
providing the cell of claim 54, and

culturing the cell under conditions that permit expression of the nucleic acid.

56.  Use of the pharmaceutical composition of claim 51 in the manufacture of

a medicament for treating or preventing a nervous system disorder in a mammal.

57. Use of the pharmaceutical composition of claim 51 in the manufacture of

a medicament for treating neuropathic pain in a mammal.

58. Use of the polypeptide of any of claims 31 to 47, the dimer of claim 48,
the conjugate of claim 49, the fusion protein of claim 50, or the pharmaceutical
composition of claim 51 in the manufacture of a medicament for activating the RET

receptor in a mammal.

59. The use of any one of claims 56 to 58, wherein the mammal is a human.
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