SMALL MOLECULE | NHI Bl TORS OF ANTI - APOPTOTI C BCL-2 FAM LY MEMBERS AND THE
USES THEREOF BACKGROUND OF THE I NVENTION Field of the Invention [0001] This
i nventi orwooean28tse field of nedicinal chem stry. |n paPCirast@s/246he
invention relates to snmall nol ecul es which function as inhibitors of
antiapoptotic Bcl-2 famly nenber proteins (e.g., Bcl-2 and Bcl-xL). The
invention also relates to the use of these conpounds for inducing apoptotic
cell death and sensitizing cells to the induction of apoptotic cell death.
Rel ated Art [0002] The aggressive cancer cell phenotype is the result of a
variety of genetic and epi geNEUBLASTBIVARMNTEeadi ng to deregul ation of
intracel lul ar signaling pathways (Ponder, Nature 411:336 (2001)). The
commonal ity for all cancer cells, however, is their failure to execute an

apoptotic program and |ack of apprqprjate tosis due to defects in the
normal apopt osi s machi ne&}ﬁﬁgﬁﬁﬁﬁﬁ&a&%—g@m Lowe et al.,

Car ci nogenesi s_21:485 (2000))..Mst. of the cyrrent .cancer t Les,

i ncl udi ng cherBISHEPLAGENR P21 / hPﬁlﬁrngFl%? 2 ﬁléfafl%ﬂ% ef%‘eéra gd[’g)?/% b\?\70r k by

i ndi rgct Igyed AEMGE 1 280PRICRbBisibRal GRPEAK0S BlnhBer 6D/BD4j06alEd t y of cancer
cells to execute an apoptotic {)rogram due to defects in the normnal

apopt ot i dunred2@F. yTheentira pontent effeagh ebhpserraier gpRlicaliensiinrEeRERd, r esi st ance
to Chem%@%ﬁf@’ref&%ieﬂ hé)ghﬁr& _ i imunot her apy-induced apoptosis. Primary or
acquired resistance o uman tancer of different origins to current
treatment protocols due to apoptosis defects is a major problemin current
cancer therapy (Lowe et al, Carcinogenesis 21:485 (2000); Ni chol son, Nature
07: 810 (2000)). Accordingly, currEshniggdi¢ldt ure efforts towards designing

and devel opi ng. new npl ecul ar_ target:specific antihecgncer ' to

i mpr 6§e sur vi &5’1" I%Vﬁatl‘alfﬁraiteﬁo BIfOt‘TqP Fie lﬁﬁ%%@%%uli'aﬁgfoﬁo t %n&rrﬂs r&?ér)llgg}(jde
strategies thatspecifically target cancer cell resistance to apoptosis. In
this regard, targeting crucial negative regulators that play a central role
in directly inhibiting apoptosis iﬁié&%ga cells represents a highly

prori si ng thenaRgILE JabIAbFIYs AREmEMAANNERRGENL DN Bordeingrlc [ 0003] Two

cl asses of central négative regul ators of apoptosis have been identified.
The fi r stsecletd praséintieg atanvatesrtbeyslirzivek of nefiroapehthe pprphicsal endcenii@l bi t or  of

apopt.Qsis proteins (1APs), (Deveraux et . : 1999);

Sal velgen Offp SYS§t gucgé'@ .dorl&%rfn.ler&@c gy g]%auﬁl%%%ﬁ(%gzs) %‘%Z(I?p%%m}()r ot ei ns

pot enlt ly @GM{Qngsﬁos@ﬂﬁm a&i#&doodmgdZM@rdmr.,gléc(IWeGynBﬁnkaﬁdblﬁom4)ﬁ .
stimuli, including chenotherapeutic agents, radiatjon ngd i ot herapy in
cancer celhesgeng emﬂlngﬁﬁ%blé%’é‘&%ﬂgﬁne@@e fan é?ﬂuP%ﬂecalﬁ%&?Haaé’g?legﬁygt ors is the
Bcl -2 fam i . il g8y Jiveoppt ent anti - apoptotic

nol ecul eS’ﬂ,/jbbég?zlé\@g%&gglggz))f§%%a?§%tsaflzﬁguam; et al),) Sci ence 281: 1322 (1998);

Reed, Adv. PhaXenhtestin % 18enbgr D gr)eliaResdldinstdesived geurgtggphic faetaritdMNEB0: 23

(199 . JThe . Bcl -2 i f I i I . haidboptoti c

nol e Ieshgsaﬂgﬁar%%y 'Iﬁgﬁ%%lﬁl?r cegfgﬁhgﬁg& %ﬁéﬁs}%{%{!‘g?‘}e@g‘%@f@%ﬁg@such as Bax,
Bak, Bi d,kiaqd, BeU. RETexapRtdsindtist cateegptas GDNTF faailyatéaptpriatphaant i - apopt oti ¢
Bcl-2 fam ly nenbers, sych as Bc]-2 .a -XL, in cancer .t estore cancer
cell sensG 'Rfv)aa?r@ymﬁpla%g@tﬁéﬁngf%ﬂg‘f‘@bw@%@%‘fﬂ”&aﬁ’ Pléotet“bﬁ’géopt osi s have
been ext eg3ivel D{%a‘iﬁ‘é' g\%@y(f&m. eburdby ﬁ%%ai@@%%%ﬁ(@%lé%&ﬁ%); Reed, Adv.

Phar macol”. 41:501 (1 Reed et al, J | . Bi ochem ;23 (1996)).
Cur r ent | yNeudd4stia 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.



antisense therapy is in several Phase IIl clinical trials for the treatnent
of solid and non-solid tunors. Several |aboratories are interested in

desi gni ngwermaddo2emiiecul e i nhi bitors of Bcl-2 and Bcl - xL PCBUsbMRN29887 THE

I NVENTI ON [0005] It is generally accepted that the inability of cancer
cells or their supporting cells to undergo apoptosis in response to genetic
| esi ons or exposure to inducers of apoptosis (such as anticancer agents and
radiation) is a major factor in the onset and progression of cancer. The

i nduction ofapoptosis in cancer cells or their supporting cells (e.g.,
neovascul ar cRbiiiastii ahi ehetodtisd GDNIS SamiBt meaders sretrheigpng oft the ransforomig/er sal
mechani sm of action for virtual Ity ﬁll f the (i);fe tivcf C nceéertlcréeor peutic
drugs or gioxdh fctoshete K EEE bieed s fimidy pad 10us. agg aFFCfCﬁ”grE PELECPEFSIC %ne reason
for the | Lo i i i ORE Q8iich fofin tshRamatbfex pr essi on
and accu%ru athél)ﬂg%l%oe?EY%%gig{e[glgg%éimgﬁgﬂgrr?gentg i nvention contenpl ates that
exposur ecyteimmimmn(Saasud,f1OP9,ddictaso rﬁeé'a;ﬁ@é-r 4539 diegh BIORPBSY (Ot RIOt | ve
anount s of S).(£.G . S d nhd-hi & Lon(s) of
ant i -%pogﬁﬁﬁg(’%‘%‘ﬁt at%%%?frﬁ% #él%@rgﬁ}#ﬁ?éﬂéﬁaﬁﬁ%gﬁ?g? %lglhlhge %rmgggporti ng
cel I's outiphtgabt {iease Thkksrenhaysteine noitained withindaviainonemdefpept@nt on t he
overactivity of antj-apoptotic Bcl-2 fam menber ang/ of - r such

cel | s as!HTBOMRGIRE fiﬁﬂl%r%ﬁgén 8 ‘H’E]lyﬁll 1“@3L‘%/W8n?§’é?rf %d%)g{‘ %6? M &?ﬁﬁ% activity
of cancer, JiiarRAReHHOA HEEDB0.0F MoATkial,i308:50Ber api es. The present invention

contenpl ates that inhibitors of anti-apoptotic Bcl-2 famly r‘rﬁgoers satisfy
an unnet needTGEbethiaontlyaeanshent are fymikastzes P%P@&ﬁ%ﬂot@clwgét,e"@?bﬂ rafhen

adm njstere S. mon i ISt A REES gependent
on anti- 5?%%?%1 %%%%Qg&ﬁcgcﬁnm}ﬁ;aﬂ%%gﬁg? E'ﬁg{e??ﬁ% %e?uﬁﬁen ara%'%{r#iaglt(gr ed in a
t enpor al efgeRaténhol et pl. y2aoh, HiMidr Biok| 1050241 Failiect el 2§0t.ah8&r. Ehesr-apeut i c

drags or radiation the ies so to.render .a_qgreat r i of the
cancer céV?@%k%ﬂbpﬁ?@ﬁ@?%‘?? P%p%?ﬁg?:%&of‘gqt%auf 81%g1>?% E{;?eﬁégc?ﬁ{e&afggpt 0Si s
progr am qefPEKiSthntif hBRb&S (RASARITEtAY, F000PAB6/0Biohf 305e323sRattenholl ani mal
treated only with the cancer therapeutic drag or radiation therapy al one.
[0007] | al.c¥0lafw. drliodharemo§:33P0k he i nvention, conbination treatnent of

ani s with a therapeutically effective anount of a conpound of the
present invention and a course of an anticancer agent or radiation produces
a greater tunor response and clini chmibaefit in such aninmals conpared to

those treated wWth the ¢ u or. anticapcet. dr i.af l.Qn. e. Put
anot her way, é’&vs%u?%@%ggeﬁp%ﬂfﬂ?gmlp%?n {Lﬁgiwg%\(’)‘%?g{al{ gg%lﬁ%%lg%@gqgf al |

cel | s t halpARDREBR MEtthat RGPGIRE AinBabid2edidues iy thedlenblastin fdigpeptidpor ti on of
cell's that successfully execute the apg}gt 0Si s &&gra in regpogse to the
apopt osi sontrduteitaghiabindingeyenss Substiution of selggted Argepidres &5 fdased.

Al terpati O ridn PR B¥ISER HolypBMEaTE bNineRAsdRodesery t 0 al | ow
admi r?’:ast rtgtﬁ%%ﬁasggg%aqﬁ{)mmg#{?g%d r%ahergf or el eq)gsypt oxi ¢ and nore tol erable, dose
of an antand diveesilabgéenof thiedaoants.adi ati on to produce the sane tunor

response/ clinical benefit .as f.he.conventianal ,d Of tl.gancer

agent / r adi at i df OBf BPE° eﬁ%veenﬁlﬂ%feaggessa l%o(llﬁjp%@{l?e %%%ﬁrg;\}%%&%ﬁﬁgggﬁcer dr ugs
and radi aki@ct IS sBYEidiiehto dnfifo pridsEN1 13 oRERQ DN bweghat es t he
various conbi nati ons of them w ttg t he pr esent.dcolgn*g‘? nds. . Al sp, %E‘lﬁe t he
conpoundsthepmingackh wgermce corjaRt MofrshAlF AP 4819 FRAST O fﬁﬁ‘We&F' bi ting
ant i -apopgaty r@ 186La ?:OIE@EH& Eé*_?&ﬂ%ﬁﬁﬁg of: " BXRARHEAd ofheL ABE BFgitAS hishand
supporting cé 70 therape ically efféctive anounts_of the conpounds

shoul d bepasivpepakippnding kepbsitoncisi of SEQIDWNONL (o the pigifprasis SROBIFS 1 o
?gg?;: ie Ohwhﬁlp]ggglg{ggr?slelsva W OHAT A (L EERVIRE ad @uﬁﬁf?c Qc@&)l, 315) NG ShiRPEM  OF
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



Thus, in sonme enbodi nents, adm nistering the conpositions of the present

invention in connection with certain tenporal relationships, provides

especi al lwoebda/mamsious t herapeutic practices. The preseRrCTiusz@sewa7 r el at es

to conpounds that are useful for inhibiting the activity of anti-apoptotic

Bcl-2 famly nmenbers and increasing the sensitivity of cells to inducers of

apoptosis. In one particul ar enbodi nent, the conpounds have formula I : Y

E;'" Qj or a pharmaceutically acceptable salt or prodrug thereof, wherein:

E is phenyl or a heteroaromatic group; X, Y, and Z are |ndependently H, OH,

car boxyl r&idae seth a%@ltd@fmcé‘ddidf) ofthepagpaptids wfeodimeried, tiods tb micomatsixd,

sul fanam de,  al deh phoric acid, phosphonam de, al kyl, al koxy, or

aryl, or C%@“@B@F%a‘} %{ﬁ Tand z form a heterocyclic ring, and at |east

one of X, Y, Mt dnsoddineRRROMNihb Geid SéfheAdd Watairdluihfionaddasthet, than

sul fonam de, sulfinic acid, sulfanam de, al dehyde phos horic_aci or

p hos p hon argndee atitheprEitigng cerr Wﬁ’@’é‘b@&@éﬁ@ﬂ‘?n ¢dandpysitgmyt @ INH,  NHCO,
o] 5;% kFogen; or

Q for ?ﬂs goF ?Xr?h‘lp e, lrf] q%&nr% /res%l{xjsat %)sn% dg%}éé S dneeplgénlhée{ ﬁ%’dogiltlg% 4rbggen

al kyl , alskaemm NOal éanrbel substipated sitk yibn- cams;ztvatlhﬁearamatmdlrem@mst@? gbly saturated

het erocycl e, heterocycle; NR3R4, OR3, SR3, or CR3R4R5, anyone of which may

be opti o t‘i"?“’@ﬁ tituted; and R3-R5 are independently alkyl, alkenyl,

al kynyl, cycl gabdayd eml%cﬂﬂnent@rtﬁé Kiino abhﬂtsai&ﬁdiahk at legdt 00D nipledsy Ds%hmtaer OcyCI e

or forma rlng anyone of whi ch ma){ e%ﬂgtlonally substituted. [0009] In

one embodéasedt 1®Ft1¢9é§5@mk§lﬁ@°@ﬁ 15 113/0f loH. [0010] The invention

rel atigs to co u i r& SEQNIPNDer, s  of

anti -gpopt oti QSH % (pg(‘g %eﬁ%fé&%ﬁ;ggggon@ gg % ﬁl\llﬂeonﬁcyagnﬁ?l ellgaotqess 0 the use if

t he conpaunnsadds t5hEl3 REHEQ IDNQA:B amnnmwsakﬁoblk@ﬁ SEQ B ) amimpacidvent i on

al so rel ate thec r tizin
cells toall rﬂé@ic?&@%@o%t%ﬁ%m con%gﬁmgegugg lir%naf“frg ltsfllg@'?)lrfeat megt
anel i or atgegpD S9! Bysbmea dﬁﬁbdgfmaitsa gicdolepiRponginsatioo aoidu 1 Grofof f
apoptotic ce ea i sorders._characteri ze tion o
aBoBt os: SEQ He NGy, ﬁ@llﬂ?ﬁﬁﬁb}%ﬂﬁ‘éﬁsﬁq U%Ng} @Qg@%agg%ﬁélégygéﬁgghﬁ In certain
e”bOdl'snehacﬁﬂ &Hfﬁh%gia@%ﬁ% o?QEQ% NG 80 ah ol RB1 0-129RF KRQADENOE, op event

cancer t aracterized by resistance to cancer ther agl es (e.g., those
whi ch ar entheacdel]-51of SEQ HANG:P o sous embedimenin (hebyneptdestoatdins and t he

like). ot her enbodi nent t

hyper pr o In[}“? YPUpAE SEHSRSE 8€SE(§ar ac g’P tlﬁé' e%%%) a%l({)hvge%ralé%:(h%rg gg %?g Ibg?és’ the

ant i - apopingihé GciBeéquéndeadtiSBQ MeNe4, she a{rﬂlﬁ&h@ld'ﬁhcmepccedeﬁﬁQ iDWEnbitber provi des
phar maceut i cal corrp05|t| ons. conpr .CO und of F An a

t her apeutd&iaP peid E¢quges e ﬂ% @TF cﬁﬁ%}ao g‘ﬁgﬁ‘f%{l&e‘? 1[?%‘15 -

sensifj ze cellgg} lehlegjéd(@Eﬁo%eﬁfa@%ﬁ&hﬁlg[ag(%%ﬁﬂm A& sdquedetak Q:lasthIO% her

provi des kits conprising a conpound of Fornmula | and iInstructions for

adni ni st edéntigal th aminowgdulfdl FoofAEQH? Na):1, wireeein thegning 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



optionally contain other therapeutic agents, e.g., anticancer agents,

apopt osi s nodul ati ng agents. [0013] The invention al so provides nethods of
maki ng cowpauosde3i Fornmul a |. BRI EF DESCRI PTI ON OF THEPDRAMLNGS2468TCURES
[0014] Figure 1 shows the binding of TW37 to Bcl-2 by NWR anal ysis. [0015]
Figure 2 shows the inhibition of cell growmh in cancer cells in response to
TW37. [0016] Figure 3 shows the inhibition of cell growmh in cancer cells
in response to several conpounds. [0017] Figure 4 shows the induction of
apoptosis in PG-3 cells in response to TW37. [0018] Figure 5 shows the
activati @cmﬁ@sﬁtmamﬁw@m NOPC(3g. athel afgirfi is ehbsitited web ponseotssvEWS7. [ 0019]
Figure 6 shows the enhancenent of. cisplatin.cytotoxicity by TW. in

MDA- 231 @BIIGAciq 158idpg); kAR amiso §ﬁ8®£heF fhan F‘?’r’fﬂeﬁn;[ ﬁeé’r?“g “%%%SPor\égrl%oh in mce
in responseitpad ¥ $70 mhORF:1](e. Bl ehérserife is Bepindidiwith & a6k-coilsei¥ &/amBAXOTERE,
and cisplatin on body weight in mce. [0022] Figure 9 shows the inhibition
of tunor agidaegidue);r{vitl ancaniino peid 98t thap STSIPPEY tAGBOSTURGPEREPORAHELC and i n
conbi pati_an,. [ , S : : : . ANSOTERE al one
and iR c r‘%?}uh‘r’n‘gg%ﬁé% lr%gkfcfg'l\jﬁg’igg %@%B%@éﬁuiﬁg%eﬁ%ﬂ&%&%%r& OF THE

| NVENTI OMnfif0ab4] refidec)p (v )eart anhinw ecitliother theh glyeimebthepopitionderrespprdiegnt ed by

Formula |, which f i s bnhipitors of anti-apoptotic Bel-2.fam |y
nmenber s. 'BPOTHM ﬁ%ﬁﬁgpﬁféﬁ%& S B ?%Ptétl%eﬁw lﬁ’ea er %(fn%%rﬁé%\& conpounds
sensi ti zeuGRd hdd fRidud) 4§ ParBarBino APIARIRS iism aBhe dt thegmBRionrsiraspoading thensel ves
i nduce apoptosis. Therefore, the invention re

| ates to met hods of .
sensi ti zinogitiee( of SEQIRANRdr(s o theassepe ’§§§P]%SUQHE£‘EVHI§ AEPRGELS BRI Rt ng
apopt,si Saclcﬂe&&keé;rsanldgﬂg%{ né.n?i'n@ gcig%ﬁ{e?ﬁ;ah leiﬁerhg tHeflosRioWcbRespor@ApeInd of

Formul"a 1 "al one DI nat1 on w an i nducer of apoptosis. The
i nvent i orpokitioh B¢ of BBQADASO11d ergstihrddine s subsiintpdyithamenicopseryatiye or

Bpopt osi STEBH T SRy haemoL TP, e FRSTaHE ST Sk SMERLEY B . |
and an i ngEeAph0fand RIAL Q8 issme Seibbdidieat) He amirioneldidqudnee et tdasr¥eét.et i zed by
ant ] - apopewt PEAEIS FaR WoNghia EEing D95 THOL G KL~ apopt ot ¢ Bl - 2
anti -apo 0 : ‘f-apoptotic Bcl -
fam |y menmber syjq, 5c1Hsa9s ?g&%{;«%ﬁd@%&ﬁﬁiﬁin Qn3MindRNeqaBIHRaE 1adt sobe Bl - 2
fam |y of proterns I ch S ti-apoptotic activity, including, but not

limted tidentBelto SEQEE NQL1, viltsrein thenyiBracid seqpenopicymprisgs|at {gast@ap aginogg| - 8

and Bcl-y..[0 .The .term " [ i i - A -2 fam |
rember s, Yokt eatisrarn e b SPOFE SRR B wolp ORUhE o ras, B 1Y

| evel ) of amidlAGd etieethan grditine anthapssiticapoptgiondinBed pasifiani bfiSER fDer

protein(s and/or to, el evated |level s of anti-apoptatic .gcl -.dZ fa?rE)I y nmenber
pr ot ei n( sNOi (e thesargigninedpuhsimisdovidh apemsonsevptaEmae A4 ASHUSSEHASgi cal
cel | s;exp 1ﬁéﬁﬁé‘&cgﬁéﬁlanla§l\ﬁ% Si@bthBFNAS 8 RGRMH: B RBiton 3pRRHEhdisg BC -2 fani |y

menber proteins o _ _ _
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).



havi ng basal |evels of anti-apoptotic Bcl-2 fam |y nenber proteins. Methods
for detecting the levels of NMRNAs encodi ng anti-apoptotic Bcl-2 famly
menber prwoene20181l evel s of anti-apoptotic Bcl-2 fam | pyCrasb@s/opredt ei ns in
a cell include, but are not limted to, Western blotting using
anti-apoptotic Bcl-2 fam |y nenber protein antibodies, inmunohistochem cal
nmet hods, and net hods of nucleic acid anplification or direct RNA detection.
As inportantas the absolute | evel of anti-apoptotic Bcl-2 famly nmenber
proteins in cells is to determining that they overexpress anti -a({)optoti C

Bcl -2 fami |y nmpehRenthelwifesures 8 fidi@oprbeirt dvataigh@t pulgpépide desstibe
anti-apoptotic Bcl-2 fam |y nmenber proteins to other pro-apoptotic

si gnal i ngerﬁm avd 3 heterolagqys a@“ﬂ?r%?—“ﬁ?fﬂﬁ?r&‘ﬁ c Bcl-2 fanmily proteins) within
such cel I's. Wyg0;1b&ibahaeauRE a WG ohitids €vosifahe pdipfeptidesy € it not for
the levels of the anti-apoptotic Bcl-2 fam |y nenber proteins, the

pr o- apoptatjigates, gnfikion grateihedasFiekedAStAiY be sufficient to cause the cells to

Weshiginke «dependent on the

execuie the apoptosi.s pn i i S

anti -%popt oti Eg}vpﬁtl?na%é)%ﬁﬂrr}ggggp%g%@?hgoﬁrogflﬁe| r survival. In such

cel |'s, eppBpefiRie] dinti conjnpite,tdr figsief frotin descritredineteiméndeanplammacepbigallst i ¢ Bel - 2
famly menber protein inhibitor will be sufficient to cause the cells to
execut e BFEPEY TOT BEYYFHm and di e. Thus, the term "overexpression of an

ant i - apopt ot i 18rlisdodead 4 YuclBeiisd cititghiib A se@lence thef @ksddsa pobiplestidehat , due
to the relative levels of pro-apoptotic signals, and anti aﬁﬁfft oti.c signals,

under go alpespibed hereinnan expprspion vedor soRianing Hig nuslpisacidyan oQtaging Bitpounds
t hat .| nhie)tgi tessti&evgp%qcti on of anti-apoptotic Bcl-2 fam |y nenber proteins.
[002'}P TIEPT&Y s’ ant i cancer agent" and "anticancer drug," as used herein,
refer to any tAlsy disdodeil ds amethbs of making aphbpoptidsr e methad 1welrdiBges and/ or
mol ecul ar_ t her apeutic conpounds), radiation therapies, - I cal:

i nt er ventPHH¥RE §ERY qgf)i.pr{)ﬁgmlg'aecg%l FRNPEE F\HRISTS %cgoié}? %@ﬁ%@%ﬁé& such as
cancer (e enchbdinfBIOBbStide H6RABEd Hdrein] Hidn(ii) pultding the'cel smdaedndieives that
refers to a pharnmacol ogically inactive derivative of a parent "drug"

nol ecul e Heﬁa{c‘f exlngqnéﬁ W}%@F‘By mation (e.g., either spontaneous or
enzyr@ti ©) W bl difiol ALOREPIEShOhOEL PRy 8t F8Yéins 8eABEs sydlent O convert
(e.g.; enzymatically, nmechanically, electronagnetical ﬁ])’ t he prodrug into
the acti wiscdderdgn a Braoohnal iy admanidesigyn sk memopks derpep effectiyg ameratadd wit h
stability, toxicity, lack.of specificity rolimk I il abl hihy.

Exenpl ar WHﬂEWPHﬁ% dBtFned L@aﬁnﬁlgkopip\f%te@r ?Jrgp%r%+ ééc%ﬁﬁcgaflf%gcﬁﬁdgn%g{adbg eni cal
maski Nng HepdiR. (€.9., a group that reversibly suppresses the activity of the

drug). Some preferred prodrugs are tglari tions or deﬁévali.vesof oo} ounds
that have groubl® iByessionplse fahuesya Metah et freating AGFPPPNG PAB,E Afparpi)e rg}rglodrugs

becon phfdhﬁﬁ%&ﬂh%ﬁc?ﬁqk Yl Y ooy Qifebih o inidhs YhaRbIyRpyayadiatgo
sol vol'ysi s under ysi ol ogi cal conditions or, undgﬂ(rlji%o enzymati c degradati on
or ot her dngghenfusmh proteinsirahmandcowniqabeamposiionsletrsibod BEF®n, hydr ogenati on,
dehydr ogenat i gl ycosyl at.i on)._ Pr . Rig" aess
solubility, t?@%el}gv%@%é{s? %eia r%sye} m8&’%§?§%;§%a‘f%hgase rie‘?le?):t{(ﬁgﬁ %am‘ré%lhgg

or gani sm adnSeRteting o thBuREga1dn efeslvgnmimisfadrolypsptide dinter Gonfgate2fhsion

El sevier, Ansterdam (1985); and Silyer r%g The Organic Chem stry of Drug
Desi gn anﬂoﬁlruﬁf%%ﬂr’é?ﬁuﬁiﬂﬁ?’mﬂgsﬂl%_?scrA J@Fﬁ% Press, San Di ego, CA
(1992)9 . CommoR,, REALLUYSF tMtdadariasi MbuBRE Y Aol NEEdesdtBlitag hesielssharr epar ed
by reaction of parent "acids with a suitable alcohol (e.lgéub a. lower

al kanol ) , thayrhaiesiegreesedheparinbinding ebibity asfcompareg ig wHe tasiNeuelsidund with an

amNe. O hecreased 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



basic groups reacted to forman acyl ated base derivative (e.g., a |ower

al kyl am de). [0029] The term "pharnmaceutically acceptable salt,"” as used
her ei n, rwbens/@2e78any salt (e.g., obtained by reacti on WwCrluSamwsmaeied’ or a
base) of a conmpound of the present invention that is physiologically
tolerated in the target aninmal (e.g., a mammal ). Salts of the conpounds of
the present invention may be derived frominorganic or organic acids and
bases. Exanples of acids include, but are not limted to, hydrochloric,
hydrobrom c, sulfuric, nitric, perchloric, fumaric, maleic, phosphoric,

gl ycol i ¢ and/aetila tylﬁaﬁéu@wsﬁm F@uganpleohe toltiemetapt sed foond tD exhsoitaar i c,
acetic, citric, mnet a?esul foni ¢, ethanesul fonic, (g%) fd R]t%oblat mal oni c,
sul f oni c 2PRIABIRAEY d R 1old dRAreasincSeTUnL FRPORYE AF FYRPECLI) Y Bediie. o her

aci ds, syg Qdcﬁﬁo@ﬂﬁh HGubw\Hiuka%t W84 foufd tohsimRl AnesePhivd m&muﬁeh@ah ly acceptabl e,
may be enployed in the preparation of salts useful as_internedi ales in

obt ai ni ngxpisssieopHunascparaddo Fiddyrg Werblastntthearhy Briitatagdaies 22319 y

accep abl e salts. [0030] Exanpl es of bases include, but are
not mi tee utcjugngﬁg%%oqrret al (e.g., sodium hydroxides, alkaline earth

met aI (e g., r’imgla&sams hlyﬂurmxpezt@,pr@mmlodtheamdamdimbmaMPQit’pﬁfp@d@mI a NW +,

wherein Wis C alk the i 0031 of ..sa but
are not [3lAVeRtreal (PSF‘%J‘E“S‘ i 8?’% goafFJg?%?g n aél Apeing efmﬁ z%%&
benzenes qhtfeﬁi@ﬁtk%tw@n%dhﬁlﬁﬁt&tmﬁy(tay Eﬁhﬁare&tottfe’ahﬂentstﬁﬁ‘p ferval etype proteln)
canphor sul fonat e, cycl opent anepr opi_onat e, gl.uconat e, dec I su fate,

et hanesul fonat[@leslsﬁﬂﬁr‘&ts@deﬁf}eéc%ﬁé‘ﬁ“tn&i%&rtdemeﬁpﬁﬁ&r@ﬁﬁ R a‘?‘?é sul fate,
hept al%oatsgmie tﬁ%ﬁﬂ@%& (3 L%pqgrstogcﬁ ngﬁ'éaof dr@fh eI PmhiNd5etibragsul f onat e,
| act at'e eate anes onat e napht hal énesul fonate, nicotinate,

oxal at e, 1pednmmbdpn@eadkhthwgbmeﬂmdsmdfraatemalpanlﬁt pr espivetvat o thesiecr at e,

pi val at e, nat e, CCi rtra ana te,
undecanodle& orit g‘eﬁeﬁbcalnsq?élse%nﬁgérp%‘ggﬁﬁr gegﬁ%% gfltﬁ rses?ntrtlg Ve%tg(ﬁ%n?eons of the
conpoundsexefa tahyan@ﬂﬂa@md et iredespilipobsldwd Am lidbhaatﬁms tpamlne cat i on such
as Na+, NH+ and NW+ (wherein Wis a Q-4 alk ‘?PEIE)‘% aﬁ e |like. For
t her apeutappligpsions, patents, i qths refEiopess r‘i'&i-‘ém@?edth?éel% PRESBEAPITAGE BY FRreATS

cont empl aﬁl nae?ltlp&&lnﬂl %ﬁBf@%ﬁ%& 'tﬁ@ﬂ)ﬂeé’en@%@&tﬁm ﬁmlddﬁ%éﬁhﬁloﬁ@-'v&lﬁ of acids

and bases at ar e’ non- pharmaceutically accept abl'e may also find use, for
exanpl e, aomrbheT h@rre:panzfl&mmhaﬂs qndreximldas 410 mlhwfrafavemmy precra iptengied yo

accept abI conmpound. [0032] The term "therapeutically effective anount,"” as
used her & r11 ltrtrglgers to that amount of the therapeutic agent sufficient to
result in amel GmeefehRfes@hd ed@ndpes it Byomionvll bk appaert drotethe or prevent
advancenent of a_ di sorder or se regression of the disorder. For

exanpl e, wlewingslofdled desgriptien, 9?£§?m°ﬁmscancer a therapeutically

effeqéj ve anount preferably refers to the amount of a therapeutic agent

t hat decreases the rate of turmr growth decreases tunor mmss, decreases

t he nunber of rretastases i ¢ of theDraypgs progressmn or i ncreases

survival £ B o SSahy B O St P 5t g ip 1o ot
45‘%|) at | H@gltl) %%?ratﬁ(BEQgIgﬁgNOHEV?reqﬁo Nga]ﬂhstﬁlq&ﬂypaptldesaﬁ"he Eﬁt%ndatght Sast 70%
at east 75% _at east 7y at east east %9 or at
| east 1009&rtgahhnes indigates resnpgtively Hg Stt‘?rE%t/%%H’Gmrg zfﬁts‘i“f“in aﬂéﬁo‘{ HURLEY her ei n,
referyd 0 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
column). 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



maki ng, through the adm nistration of a first agent (e.g., a conmpound of
Formula 1), an aninmal or a cell within an aninmal nore susceptible, or

nor er eSpoNei20@/028781t he bi ol ogi cal effects (e.g., pronotiPpamuseooser@sTat i on
of an aspect of cellular function including, but not [imted to, cel
grow h, proliferation, invasion, angiogenesis, or apoptosis) of a second
agent. The sensitizing effect of a first agent on a target cell can be
nmeasured as the difference in the intended biological effect (e.g.,
pronotion or retardation of an aspect of cellular function including, but
not |i i tigdrepeeseraethk figioaichl, soptual chl@idetdoncentratinrefor ey giapyvdyenaelisd or

apopt osis) observed on the adm nistrati a.secand gt h and

wit hout Ham the sqlpmp)- at?naret%‘@p’feﬁefnéatuoﬁ(ﬁgh}e% ‘faé%eﬁcg’ﬁgjéa eo'g&{]%gmséénsi tized

cel | can be i pekensss bypodgaildefifiag SIHS/PATE of20H4-type Netblasti30% at | east
40% at |east 50% at |east 60% at |least 70% at Ie?s§ gt?% at |l east 90%
at | east falbogyg amionie ghromptyguaphy in the Rrasensg §34) A20pse (2 BEPOASPAIY| east 300%
at | east 350%. aj - 9 t 9 : ndRP¥spver the

r espogse in t(ﬁg' gﬁgsag%%éh é%gﬁng[ P? }regl?%aogfégﬁébl[ag%%%{qﬁga{ er I?né) d%r egul ation
of apopt @sllewihg 8DSREGERed desitonree OB valnesnof/Nebdastintwilsiypaandgd® ity of

(e.g., predisposjtion el l ndergo cel | ..deat I opt osi s.

Dysr egul é‘i“%t%mlg?ﬁ Sﬁ%ﬁ%’@%?‘gagaénsi\&E‘E}?We8%&“#%“%%mi er%%%:agnﬁ g’y a variety of

condi tions, impg 9 NrapR desiiptheresaltl diahepaitn bindiap BEISA (eing wildsyst eni ¢

| upus erythematosus, rheumatoid_arthritis, graft-ver - ho Lsease,

nmyast henitamgp BN, 13 gyilditypgtwiag Wo&%{wcﬁﬁﬁﬁcgfﬁﬁaﬁﬁr@gé’ L@ ndi tions

(€.9.49 psori a%ﬁ%6 1@?}5&@ A0SR LR reSuld ﬁﬁg&@\) analRAJTRVIR tyhEraNBYE 18] sor der s
ce y

(e.qg., tunors, nphomes, or T cell |ynphomas), viral infections
(e.g., hexmpeEl, Avg$8H, AoghOF,end HitWBNIdAd ot her conditions such as

osteoarthritis,and .atheroscl er.osj.s. | ) : t he
dysregul at i on%i'gs g%aa(gga@%tgf?plgfm thseé%sflg éﬁi‘?ﬁ&gﬂ\]}%éﬁl# ﬁ?%g@tﬁ?% the viral
i nf ect i ONNEIBsET arlBArgA8 9B emdit dainab Neutlastini(@13 amimodysirfegu)l. at i on occurs or
i s observed. That is, viralinduced dﬁfre tion car}‘%ﬁ(gtur ﬁven after the
di sappear ance Fég- 78yipipk dspiching e reshits \ anadyFEE] PErpran

" hypeyspr %éufofd%@ﬁ,gx‘égm!w@ﬁﬁl%{ n@SarSEMHIRRH €] 03 arkifh 868 f6r2)ARK48GNHI tion in
whi ch a l'ocalized population of proliferating cells in_an animal is not
gover ned HuynanfiNeublestin (1113 pinien dcihro), aﬁd)lAﬁﬁﬂ9s§IEdePﬁn Nsubtastia 6l 1gfamino

hyper prol i Iﬁg@ﬂ ve di sorders include tunors, neoplasns, |ynphomas and

thel i ke. % asmis said to be benign if it does not undergo invasion or
met ast asi s andwigm is gedph depictihg theessubts dftemanf canfpdseanalysisrodvalditapd ¢ cel |

means that the_cell can invade d r.o (ghborin 0, truct.ures.
Hyper pl ash“é‘lqné‘r%lb%‘imn/’&g"’%l:e%gﬁﬁrggﬁﬁréﬁfﬁ8P§%&a%’%cﬁ%u§)gaghﬁn cel l
nunbeyy i Nppd i Ssue or organ without significant alteration in structure or
function. Metaplasia is a formof controlled cell growmh in which one type
of fully diff dfigritisatgaphedspicting thetresulfs ektemary eamerleremal ISl er ent i at ed
cell. [0036].The pat hol pai,gal t ' lism@f t en
results i edé)rl.as Hﬁl’t%ig%rgllgj’n%%é?%o‘? e?E‘%&gﬁ&é%,gh??ﬁ%,{%%ﬁg%%g ndition. As
used herein, tig 106k mgiahtdepictingthe désabs ditpliarmafokinsticsanalyyisodwdidtymen i n

whi ch an qgrgani .sm produc tibodi es.ar .i ne cells._which.recognize the
or gani sm NeERpstpgn éﬁ@s‘&iﬁﬂ?‘gm@ra smg%eglgpégs%ﬁg& Sluh’?‘ﬁ?nﬁausel)? eﬁ%(ﬁnes of
aut oi PUNAHbBMEINESA SslcbitRutidH RER MR TN the NuublHsdn daettiohmune
hepatitis, Berger's disease or |IgA nephropathy, celiac sprue, chronic
fati gue shhbt9me, Crohn's disease, dermatonyositis, fibronyalgia, graft
versus host digease. e .S: i i ' : WistorSuilditedeopat hi ¢
t hr onbocyt openllﬁg' IBlul’rs Bgr%?ﬁ eﬁgﬁ%%%?gsultg %Haﬁﬁ&&kﬁwﬁ@ﬁrﬁlﬁisi‘dﬁjsﬁ 5
Neublastin and Arg48,49E following a single bolus 1 mg/kg intravenous injection

(Neublastin plasma concentrations were determined using the Neublastin detection

30  ELISA).



pl anus, nmultiple sclerosis, nyasthenia gravis, psoriasis, rheumatic fever,
rheumatic arthritis, scleroderma, Sjogren's syndronme, system c | upus
eryt hematweus(6/iye 1 di abetes, ulcerative colitis, vitipcCrgsooanebeshe |ike.
[0037] The term "neopl astic di sease,” as used herein, refers to any
abnormal growth of cells being either benign (non-cancerous) or nalignant
(cancerous). [0038] The term "anti-neoplastic agent," as used herein,
refers to any conpound that retards the proliferation, grovvth or spread of
a targeted (e g., malignant) neoplasm [0039] The terns "prevent,
"preventing, F@ndz 1smr@yp}mdpmmng tlasfemﬂmdfplwmamkme@beanaﬂﬁlsapfdéﬁﬁgase in the

th f er at | ast
o e L Bk S S5k i DUPER LU Yo BB oot T
absence gfeshatd b e@irfBlatdaeddvin ton Mg/kihREtion adXIOEVERGlard May484%D be

partial, such that the occurrence of pathal Oq%l cal cells in a subject is

| ess t haleublastingdiminisigesd|iatravaneusbeat ] rrg/be (NeuRiTHn plagmp concepirations

i nventio alhng agents,” as used herein,
ref eré t(Q)veL (%%Jmn %Sﬁ%alﬁgeN?%%F@ehél n no u gtl ng (e.g., inhibiting,
decreasi ng, i By ¢éass maplpdepmmgmgi)mmi‘é@fowtm eXIEmwplle\sﬁlm GHopellssi s

nodul atin teln I’IS th donmai n such as,
but not Pﬁafgcéﬁff ‘E”&f‘P ‘ﬁﬁ%"rﬁg %F‘S Arg%eg%ms DR4, DR5, DR6,

FADD, and R Pg ngqJnesra xﬁfr@éﬁau@frela@mnaibnasuﬂeﬂprb@tanrigv@gmnhsleaatmg ude, but
are not limte

TNFo!, Fas ligand, anti s to FE ot her TNF
fani | y ré’éé‘ﬂﬁ @%dO@WEtan%ﬁqsf?S@h%@ Sen?’ll?}ﬂs I?I%gl gf?ad IE%QPCD%SN%?S%W 53, BAX,

BAD, gfqg P La PPl , and caspase proteins. Mdul ating agents
br oa y inc c}ee agon(i%sts and ant agoni sts of TNF fam |y receptors and TNF

famly |igands. Apoptosis nodul ating agents may be sol ubl e or nenbrane

bound (e.g. ligand or receptor)g Eﬂ%cfl%reg %g gpopt osi s nodul ati ng agents are

i nducers of apoptosis, such as el ated ligand, particularly a
TRAMP [igand, Tae Eﬁ&é@%&nﬁlb@mldeﬁvifdﬁmbuﬂla@aIpdlypeptldEtht\hng 0041] The

inhibitors of anti-a oti.c B¢l-2 fam of the pr.esent invention
are conpdubdidutioay F‘i’ﬁj’PGP%é agwpRacad reﬁ’(ﬁlflﬁ%l%?’ drlﬁoscﬁg 1, thS R8GO @Bﬂpgcal ly

accepikablg 5alds, s‘lf)'émﬁf; odfdigs fnhﬁé Qi typeduBlaRtin Eol!yﬁep@iﬁé BWC ¥en &und to

het er oaronmat i c Y, and Z are independently. OH, carboxylic acid,
ami de, smeflmppntarm&rdlepm biodiagi Becausulheparin bindingds b@lmVP<i teipnldutePdehy de,

phosphor i c%ea?a((ia:p%]b Qtﬁzgsttllg an vde ub@Hons afSIL orQ bt BEH ngagi(c ﬁ@{ﬁiu@g agg and Y

or Y and rocyclrecring ast one Zis OH
car boxyl igpéagédoaletdsse h‘épdrfrﬂhﬁh@mg@mﬁthe&hy inmmm skeym supdsure of thevatiant

sul finam de, al dehyde, phosphoric acid, or phosphonam de; U and Ware

i ndepend9EYREPEYS: SO, SO2, (CH2)n, S, NH, NHCO, P, PO, or PQ2; n is Qor 1;
Q|s2ld al kyl, al kenyl, al kynyl, or halogen; or Qforns a ring with U
and/or'W Ri and R2 are inde cE)endently hydr ogen, al kyl, al kenyl, al kynyl,

cycl oal kywwmmmmﬁpam ally saturated heterocycle, heterocycle;
NR3R4, OR3, S g\’g? Yidb & =R hgﬁ@his\&h,gubstl tut ed;
and R3-R5 arelﬁ tHepen ? ?%P@%&@kem %ngpaylnyﬁl %/tc | oal kyl', aryl,

ar al kyl , ﬂoﬁbﬁfmgafrth adﬁ@t@lmemeaIA@GPG&KABA@@AR@CBLHS@W%VRATD@L%One of
Whi ch MRy e RFRFCSGSCRRARSPHDLSLASLLGAGALRPPPGSRPVSQPCCRPTRYEAV

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



optionally substituted. [0042] In one enbodi nent, at |east one of X, Y, and
Zis OH [0043] Useful alkyl groups include straight-chained or branched
CVB al kylwonoegpre37sespeci al |y net hyl, ethyl, propyl, isopcomgkeost2dwat yl ,
sec-butyl, 3-pentyl, adamantyl, norbornyl, and 3-hexyl groups. [0044]
Useful al kenyl groups include straight-chained or branched C2-i8 al kyl
groups, especially ethenyl, propenyl, isopropenyl, butenyl, isobutenyl, and
hexenyl . [0045] Useful al kynyl groups are C2_i 8 al kynyl groups, especially
et hynyl, propynyl, butynyl, and 2-butynyl groups [0046] Usef ul cycloal kyl
gr oups agee4§:age87gy(ellycval Kyd 39, mmetaﬂerQQCAKgaGSkNg@]?réhpé%l‘f?él%d@gc cl opropyl ,

| obufyl, | t h d h 4 |
Y ouns | Arsi @A v s pREUSER Y BeE i R a1 Y
ant hrac ez{}gdoﬁg]'dgggg%félthoﬁﬁiﬂﬁ%l@fers b plhednberitd Wﬁw@ myllmveetn GEQ Wibr eny|
u

gr oups. het er oaryl groups include thienyl, benzo[b]thienyl,
napht ho[1203-b] t hi enyl, thianthrenyl, furyl, pyranyl, isobenzofuranyl,
chromenyl, xa %@e{‘&&)ﬁé%@ WhutioR Y. OAryArginine

i m dazol yI y&i‘%%ﬁn %ﬁggéﬁ?ésg@rgﬁlffl , pyri r?1 u|lgyly,épyr| azinyl,

i ndol i zi feyiﬁue h1g0kindn kg, 49, atd/orrﬁdobgn be sumt@tu‘gfbﬂ W1ihrmra>21cnoyservqimeuaﬁylll°

4H qui nol i, zi nyl, i so ui nol qui no i, vl p |,

qui nozal 35d/Tesiduf (%1 § H?}mc %ﬁ‘@ 8|°89§e¥va$1¥$ azo aQM r?sucﬁ}ger bol | Hﬂghm’

phenant hie didbh panfi iEdhmyles, sgmlmﬂo@hdfwrgmqh&gamtalnd@lr |AmgI51 Wpﬂnelrrmm nyl ,

i sothiazolyl, phenothiazi nyI i soxazol yl_, laél raﬁ%ﬂ}’%/ q Foxa |C@ I,

1, 4- di hymmqmtm@@ewnmm@ceﬂ&ﬁlémﬂﬂ?ﬂ%ﬁl}m R PP TR eﬁk?f %for U

a] py é:ﬁpgpc lncAP NGB HRZMdlygical AN dol yl, and
2- ox%doen p@mﬁ g{aﬁlﬁim er hﬁgﬁg%g&%rg?glan%rgup cont ai nsélga nlctrf)ygen atomin
a ring, Bxehplaiytandgeacidd tha qarajoe ebstitntedan dnoinpreeifl repiducidpntified hereig

pyridyl Noxi de, azi. |d yri Ilke

ot i onal (St irelbite i s ne 4P gl 3Ly opbe pithafie paoapylSe

cycl oal kydia, saa¥lan@fRt i onal 'y substituted with one or nore | ower al kyl, | ower

al koxy, nethyl enedi 0X hal o, . hal oal kyl m nosul f o eteroaryl
groups; aryl oRybiglg @MCWGXWENF 1 m\HO?}f?eBth » B ‘h%l?%e oc\yl\/leb%ndgﬁ 3 | ower

al koxy, #ﬁ kg&i‘camh%l(?ﬁllﬂﬁﬁa@%hhkﬁﬂ Ay asHbd eiryktectaigtinding td"let eroaryl
ar al ky

gr oups; et eroar ionally substituted with one or nore | ower
al kyl, 1 dmecom}blkmxa;n,bermtxh;d o iedhe;/blo jcel agsixitpavRyAnt NeHPIASEI f onyl , aryl,

or hetero het eroar. t one or nore
| over al Pg.{%eﬂt&rfeﬁp‘grﬂl&?y%s% % fg%gggglfg%#gl%gﬁlﬂﬁzlHé%*ﬁ%?olmgtn{f nosul fonyl ,
aryl, or vaﬁérfemabubmqmmnd@dlkdwnbed inWt]@D@;leigddtlh iEa;amaWdo ani no;

ami nosul fonyl; sul fonam de; fon tion w th one or
more | ower al Kyyariapohgbl %?PRBR HP(L;]F éﬁ%g$6%§?se41g’ye 2 tgll%g R o .

an n?ﬁ”' ftl(?@'elr theA(dfblas@h s@ﬁﬂﬁ@‘é@é’cﬁﬁe gﬁ'&léﬁﬁrn{)@cthé Rhase Réc}épaﬁ)ﬁowwtlcmpt ionally
substitutedwth one or nore | ower al ower al kox%/ E\}aﬂgl enedi oxy,

hal o, ha|(1§myas,sa3adnsqd@dun Bngmplefrazn be gpedHapasessdhs pbif

di phenyl hi. n I I BBo WadlMRIc€all, Q986, aI kyl ,
| ower al ﬁ\g?\?lo ﬁg‘g%&g@ﬁ% l%ﬁ %%@@F&&a@eﬁosﬁl faonyle aaryI

het er oar ﬂnaﬂflﬂmm ,2es5@y:00%)cl o opt| onal ly substituted with one or rmre

;?;\?r ﬁla't( g:. 0 a:.l_g\lgg&ggqla ﬁgﬁ%&eg%c a¥111§£] gcqcl‘l sﬁ%tltutlons 1derﬂeﬁe(a% QA a VQHLIROS ul fonyl,

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



substituted sulfonyl, or amno acid derivative substituted sul fonyl groups

and | ower al kyl and aral kyl esters thereof; heterocycl oal koxy

opti onal lweubeti2s1sied with one or nore | ower al kyl, | owecTalSkansp29637

nmet hyl enedi oxy, hal o, hal oal kyl, am nosul fonyl, aryl, or heteroaryl groups;

partially unsaturated heterocycl oal kyl optionally substituted with one or

nore | ower al kyl, |ower al koxy, nethylenedi oxy, hal o, hal oal kyl,

am nosul fonyl, aryl, or heteroaryl groups; or partially unsaturated

het er ocycl oal kyl oxy optionally substituted with one or nore |ower alKkyl,

| over  al %@xys Nomildryih @oB@EsE cal édrain had aahbnglof therdnnios adifl svisstitutigny/| |  or

het eroaryl groups. [0050] Usefyl am no, acid i [ el e derived

from D a@R$c! eél@?ﬁ“hgl,th9ﬁ1’lit??§,0fﬁl§l?€‘ibﬁ@’ t%mab%%ﬁhg’%grl) § %gqu%’gﬁ’;r al ani ne,

{1 ypt ophyg, 1 7RHBOMI9N#10,4h Y GlNCor 198k ackdY STSHQUED NOYB il i erigt Oi ne,

aspar agi ne, gl’'utam ne, aspartic acid, glutanic acid, | ne rgi ni ne, and

hi sti di nean b&rfi%d0&Bd0Y, W8x 1W2al 04485, 196) el‘?%éo%;nlil&e“de?@fézfHg%‘%mf’oom]

Usefgi sggi‘gséat ed or partially saturated carbocyclic groups are cycl oal kyl
a

grou fined above, as well as cycl oal kenyl groups, such as

cycl opent enyl A vayiahtNeiplastity polgpeptide cAnpincaddition. to hagsg pna erarere ohfieo or

hal ogen groups._jnclude fl uorin chl orj ne, m ne L.odi 4 Q053]
I e
abovenenpbenedd v-ai%ﬁirﬁéeho{énca [RYRRicEMD eithittaetndycidsbsofutivizcaabeve- ment i oned
C - aryl grolips or heteroaryl groups, Useful val ﬁqes I ncl yde .benzyl ,

phenet hy inteaduceddntotthy Nehlasyin sequgpesayithoys aparedizle, S"’k%l anlg?lgﬂ?i%mi ncl ude Cuio
al kyl ,groups .s L ut i I R8e (i§ Bdri4ih§6he BMTEBE OF

i odi EH% ab’s ,1°ag.9§¥‘},”tyf |1§g’§481¥,%%}2§1“;%%‘??ﬁ§b%ﬂ2§%| o O B ot hyl,

pent af | ugicaiiny hoid suistiditfohsidescdtddyherein; lahd (iprieatipast 7¢I ¥%ef§%o98et hyl and

trichloronethyl groups. [005 |, al 0 | Jog |46l en

Substi ¢ uBaeh BYYest e misa oS TN Bt SO B SR M 25 PR et ui
al kyl t hi @9gyiatRfal BEHASacE TUr13ssfsH0 MINEd1 b osranoNettiasti@ O al kyl groups
ment i oned above. Al so included are the sul fo-oiﬁg&f? and sul fonis of such

al kyl t hi @olyperijsts. ditfesm insearage Fm §5QPNPs! GEE UL3GBTRE o (i.e.,
car bapy! dedst . ' i orddre @BhdefARYE ¥mmahsidi t ut ed
Q6 ggyl a%g %ﬁ%sy% P%t@%yw%m%?ﬁnﬁh%?ﬁo en, e.g., acetam do,

hal oacet aubsioutins,onaer tord haneronsaredtanriadino nidpioshaPrio andier WOy LAY do,
pent anoyl agi.do, hexanoyl am do as well as aryl-substituted C2-6 substituted
acyl gr ofgEuORORERe ful acyl oxy groups are any Cl acyl (alkanoyl)
attached to ami@Xyis bn Qignn@ndbthe &ild.typef ol moyse, awktopy proNegilatioy | oxy,
but anoyl oxy, pentanoyl oxy, hexanqQyl oxy and the Iike.?{{logaz] Usoefctilé

aryl acyl plésipss Thazeitigs lagyinds-{ fsticats fhe st ol s e e FuEbea
substyyt ut Qi1 | 1@ URE (MR VRA@U 1A QY BleuBlagin, The6-

di chltzlgr obfgﬁl%@gﬁg%fcgl%&g?%?%oa%%%ﬂ%oyl Qx@@and 2, 6-3{?-“ rifluoropethyl)-
benzoy! oXxBRYRdeparin hiodieg mats isthoked s alignsagms of wrsprallpoconpme, biepesiye and

- NRnRn, erein . Rn.and.R12 are K ) . i ubstituted
aryl , optoR%? e@&ﬁ‘?ﬁ? ﬂ%‘iaéeé S]<%1€rc§a/tl cﬁ%w%?%%@@%%’%gr E@Fé g‘?ﬁ%?"gs defi ned
above or y¥agdreedin@RthEAZnin buse, Ghd 4t fehs) thay@inibe snbstignteliiihar

pi peridinyl, pyrrolidinyl, pyrazinyl, or norpholino optionally substituted
by a het eflgipgtingdroasividty| group on the

25 Percent identity between amino acid sequences can be determined using the

BLAST 2.0 program. Sequence compatison 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.
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nitrogen. [0061] Useful saturated or partially saturated heterocyclic
groups include tetrahydrofuranyl, pyranyl, piperidinyl, piperizinyl,
pyrrol i diwgl2podaBmazol i di nyl, im dazolinyl, indolinyl, ipsoiusdasiozosB7

qui nucl i di nyl, nmof holinyl, isochromanyl, chromanyl, pyrazolidinyl,
pyrazolinyl, tetronoyl, tetranoyl, or tetrahydroisoquinolinyl groups.

[ 0062] Certain of the conpounds of the present invention nay exist as

st ereoi sonmers including optical isonmers. The invention includes al

stereoi soners and both the racem c m xtures of such stereoisonmers as well
as the indi viglyalseRaavnd dubbitisor Ralic substititborsepar angw aothr diatertvGthret hods
that are well known to those of skill .in the arﬁﬁ.®g063iﬂhnﬂ%pe enbodi ment,
the conpbuHercharcichgicsy £oBIRTVtG SThsHBHORRPE R MUGEORS VIS |, "wherei n
the vari Hg@rﬁl %&&pé.sva@'ﬁé,i A5hh @Qﬁ\gﬁyﬁ&glea&inb,aaﬁhe,@ﬁ@ isofeudinespatid Z is
CH.[0064? nother enmbodi ment of the invention is conpounds having formula
111, wheaodd and: ghetamior dcih lagparagine and ghEPRESHBS\FSENG: %@thféa%ltﬁg}ﬁsél%of X, Y,

and Zis . .[0065], I n - ' : C hobic bhghcREeNt

i nvent i O?Pgagrr%lllg‘?’q‘orplr}rlﬁ?}g&?vggpmﬁcg{ygéﬁﬁﬁtﬁé%ﬁ abl ej_s gre '%e defined above and
at | east inoh@e OhniXe, 1Mcin iboButine,Glllind, pdlme qiendalsvideneyptophenand onpounds  of
the present invention are of f.ornula V rein t.he yvari.abl are as

def i ned @B@Iﬁ@l%n@ﬁ%ﬁﬂfé&é‘ffa‘oﬁﬁ%mBFm% m‘?f‘ld%"lfﬁ Ss‘?“%?ﬁi.thi?ﬁlélggé’ e s and

processegfne NSaRERSAAY givf@int. TR pokitiVelpehdrgéd @asicinmens baddintindeonnect i on
with the follow ng synthetic schenmes which iII&iJ trate t_ge. t.hods by which
the conpagis, bisinelad histidingi Tre neastivsly (ressd asidc)gnape prds SR i al s can be

obt ay fed 40N SO Ll hic WM G8R AbsiIlRAAITSAe Ritnibet of RSLRRLInEAndd L erature

met h et Sse of ordinary s inthe art. It will be readily
appar ent pblar, baic of acific prvapybskidther imentbaeofzhe saneagrotheancksrdssada def i ned
above can be synthesized by substitution of the appropriate reagents and
agents i ROMSHE2 ‘ﬁﬁﬁ“ﬁ%‘%@o’ﬂshom bel ow. Scheme 1 reagents and conditions: a)
Lithium G i gR8hdonsbivaGve Qageitisns ietlade thpsehh 3Giidh (i)lFwsideg hBingdn t hen DVF;

d) Lithium Gignard, Zinc reagents, etc; e%S_EtSS H TFA; f) BBr3, then
MeOH.  Mikleptrengsiive side ebpip ks of it Kt Jdossissaistfge fﬂ&‘ﬁ i ¥bd” as shown in
Sche 1.0 ' . I I icQeddiRNBLEGef s1OMMrE@MEr Ci al |y
e gleg@gggtpe&%ﬁ%og%wa of gg%ggaqgg@hﬁ« FedMRRBIE Sei SIOTHE

rime enza addition reacti on between
al dehyde sabndtutedcios op hy) 4 leyd@rhghimresiduei(e-bi, ddg. Lop, B4, Rae pe¥alrtis 2gi ves a
secondary al.cohol wth quantitative yjel ydr I i 5.t hen
removed BYSIERT %‘EIIWIII%qIISQI?I"éS%l e(i ﬁ’f’fqrug’raél Ce elrgéggi(l:l? ( é@ééﬁ%‘gg‘%ﬂ‘%& ng a
t WOII step é)ﬁlk?th?ﬁ& ?oba@ oﬁ#rdﬂlbﬁﬂﬁdé shaﬁfa@eg.,r‘egjhm ®heot ’gxpe :is?/(subytittmqé Ifor, or
ortho-inducing effect of nethoxyl grqQup, .The second y aryl, or
het er oar PV gﬁgﬁﬁmg§ Smilﬁroﬂ%@él"cﬂ)‘?-gnég%gﬁef)ﬁ nPI?léi%é’gﬁ@?ﬁgbk}wme. The fi nal
prodygts are ‘E?hﬁhl@ﬁﬂva%énm Whastih p By PEPLHIEs 4:88is3losElemElRld At Amino dofd ch is

met haho

3
guenched by . Based on the protective groups used in the
i nt er nediredidss obihe veriart Publgeirepalyneptides dadt arecnpipied 35 gANBAPAI0PE ect i ve for
the renoval of henzyl. or nethoxyl . in BN 6 SHaNnd
condi ti Oﬁgx_'resgfncl?lpg ﬁ’fﬁ&rjﬁ’p FTHREAY @%cahggggééﬁﬁ%d?qg? QEBUES" Bt 38 H TFA; c)
But Li t hgplyphftided) 13,190héros s@in@madsin 1afigth) usebayehe backetoopd &) tdess-

substitution is depicted in Table 1.

25
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Martin Peri odi nane,
substituted phenol s,
Schene 1.wbaemswesisit he secondary al cohol

DCM

Dess-Martin peri odi nane,

PCC, activated Mhq 4 for this class of conpounds.
strategy is used to get the final
3 reagents and conditions:
t hen D\VF;

r enoval

But Li

Peri odi nane,

f) BBr3,

shown i n Scheme 2,

then MeCH. The synthesis of nono-ketone
is largely the sane as that of
can be oxi di ze#Crwsk@sons3by

a mld oxidant proved nmuch nore effective than

The sane protect
acyl ated phenol

etc: 2 .

etc; e) Dess-Martin

DCM f) BBr3,

prepared from si nple al dehydes as shown in Schene 3. First,

met hoxybgR

acid. A

al g

fﬁNGC

pididufay ¢

P3id6n' S OF PidiAbed
"Poigp

o

I REiSAtiaSei@leg by bromine in
al dehyde group to 1, 3-di oxol ane,

~

d

second

first a
reactio
p-tol ue
removed

deconposit

%ucuyL

N mnth
nesul fd
in acdg

iaon

AT grou

one of the
nic acid a

t one very
of the sec

ps are |nc

5 a cataly
qui ckly (lo

wndary alc

f§I’OUUC

al dehyde .

Aébp@mmmmc@ﬁ@mwmac

EL’VI&“ ERURSPRY 3
CRPT

% S g e e

ha twnal cabael——aroarne

oxi di zed3t
pr ot ect
r eagent
NHR3 R4,

am ii oSl

N

D

ul f

o di

ve grg
and ¢
EDCI |

onyl

KEEdfe wit
ups are re
ondi ti ons:
HOBt, NEt3
phenol s i §

P

hIFbder at e 4)
moved to g
a) chloro
d) BBr3,

based on

L I

shS%ﬁLIaGé@iAeL
RNEA WEOID VNG Tvﬁglwﬁ%%

BGnpl e amide coupling reaction

in Schei
chl ori d¢
effects$

nY

L

fr
stirrin
perform
Di fferer
nol ecul ar
hydr ogenat
Addi ti onal
foll ow n
ani l i ne.

m 4. U
IS nH

omt

of th
ng the

di ver

i on

con
g sche
Schen

ISAipG 1ICONME!
de with ex(
he met hoxyl
e sul fonyl

cl assi ¢ El

¢ially av
cellent re
and carb
chlori de

X]/}{Iﬁ c

AAIGEIHGSRYER AAGARGEZRLBSQEV® VR A e
0163 SHRIDEL VRFRFGSGRERRABIREID 0
DK $1.ASLOGAGSLR ARG SRIY SQROCHBT i
MR YR AGPS IEDVINGTWREY DR ISHTACGEON
)Egllng reaction, the amde is o

ive group

anal ogues. Schene
a) 1. Br2, AcOH 2. TsCH, ethylene glycol;
c) 1. Lithium Gignard, Zinc reagents,
acet one; Téhle Li WatiainiNeGblagtiaPdlypepiides r eagent s,
then MeCH. The di acyl

b)

TsOH,
substituted phenols are

icetic

t he
tion. The
addi ti on

as shown
sul fonyl
si tioning
s made by
S. By

bt ai ned.

bgl
MesS.
s VI

gtddge sed

on tr
pounds of t
The cq

a

53] both
i nal phe
e properti

nd V1

he present
npounds  C:

nrr

R GORLRSAE MPOEA

I@S @Rﬁﬁﬁc%séﬁzmg@iﬁme
h%tc?&tw @éW pCORP ﬁ
Fo

géﬁgéd Fronlacy

+t hndnl

E§L

\ﬁ D
U

'F'Fnr oant nout hadaoal api-ec

0 achi eve
BBr 3 or

=

using the
ri des and
t he

synt hesi
reagent g
benzenes
t hen COZ;

$ of v
and c
1l dehyd
S

e.

et feang
ofAtd 49 ons:

e,

o)

b. H2/ Pq
OC12/ DMF (gat)/ benzej

a . n-buLi
- Cl Et OAc;

91 chi or | GERIR

_ e
CSFSEERAR RN SLASLLC

RTAMRLDAV2CCEdkene 5 present s

ESREVAQRSSRT IEIEAYSFYIDRNG LW / |

S

78C/ THF
A met hod

to synth
5-posi ti
butyl Ii
wi th corn

th

esis a
on.

Ar
ium

mer ci a

at

Cxbg 482mdr i g

494w t h oNAAGARGCRLREQL\IER AR EHRIDE e
pARt 4 brori de can be¢ IVRERHGIGRCEEARSPHPRSLASLLGA u
ow tenperature (-
|y avail ahl e substit

O PPPUERIV SOP OORPERYEANV IRV 1
WEISTWRTVDRLSATACGCLG

in
m wi th
pact ed

8

Arg 49 and
Arg 51

113

AGGPGSRARAAGARGCRLRSQLVPVRA
LGLGHRSDELVRFRFCSGSCREAESPHD
LSLASLLGAGALRPPPGSRPVSQPCCRPT
RYEAVSFMDVNSTWRTVDRLSATACGC
LG

Arg 48 and
Arg 51

113

AGGPGSRARAAGARGCRLRSQLVPVRA
LGLGHRSDELVRFRFCSGSCERAESPHD
1.SLASLLGAGALRPPPGSRPVSQPCCRPT
RYEAVSFMDVNSTWRTVDRLSATACGC

LG
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benzene al dehyde to obtain conmpound 2 in high yield. Renoval of the
hydroxyl group in 2 in a H2 atnobsphere and in presence of a Pd-C catal yst
yi el ds 3,watte@n2smibrom nated with Br2 to afford 4. Thi #CTaseeis0e063%

regi osel ective. Using butyl lithiumagain to exchange bromne in 4
generates another lithiumreagent, which is treated with dry ice to afford
acids 5. Conpound 5 is easily transforned to acyl chlorides 6 with SOC 2 in
benzene using DMF as the catal yst. Schene 6 RL: Al ky, aryl, R nethoxyl, H,
n =20, 1, 2, 3, reagents and conditions: a. n-buLi/-78C THF then

Substl t ut ed bfenmehﬂedﬂhﬁyld@plypeptldd&hﬁ’ﬂe @t@lﬂkccoupledBrlelm(%GES d.

n- buli / - )/b e ClIn Schene 6 the
synt hesi®! Yag‘x-{ gi&?@“ﬁ?W?’r“’%@%%%y%é’%Fé 801 UF n]g%nlétg erial is

tri phenydpRRSRGA, e pYNHES ié &L?&ﬁ%ﬁd: pulyﬂepﬁaaoaraustwmmemmsml dehyde vi a
Wttig reaction to afford 8

he doubl ond I%F@ u {0 generate

3. Schemmorypeptideieiss and te@HaRS: 18 5eme smbodinents; BearHl A ast® o/ crpa 2/ rt

R %%d"@%tﬁﬁ&ﬁ%th@ & RNSEQADING:AQEC; d.
MeO—i% M@égé%%ﬂﬁé%%%?g cat /benlzene/ 7OCeS ch eneE(% di scl gses a
met hod fwith tehpecsyorHIMw acsdsoIS biByof SEQ B Neusb), wihidhauevidesragdnteriahpymen
5-position. ds .1 be afforded t rcially
avai | abl@%g‘gﬂ%q@whﬁc Cfndfo @u%é%polﬁﬁgﬁ%gﬂﬁgél{lﬁgisgﬁgg?hyl gr oup
renmoved d;km yihB€is b6 cﬂt@tﬁ@va@faﬁdﬂ@&la&ﬁﬁp@lypebtiﬂk anm;esidae {mantefedrined t o
conmpound 12 with rret hyl at i on The Suzubﬁ&oug gg reaction E‘é E}e used to
gener at eacegrdamn o g SequsnGrRf gtef dro, %@@“Rcﬁﬂn%é}a e and t hen

acyl e Robplaf NeishdinSefigme tht R, R2,
@4 fjp(yA%ﬁ(Fl éﬁ%ﬂ&ga{){)ﬁtgéej}%%?g&%ﬂy%E n%e?gr ar og}émsul fone, acyl,
g

r eagent Spmmnﬂeamanhal pcdynae;r canjuditicsoitespyideicnipedim WO ino@9 34 We8pd 2 b.

BBr 2/ CH2 0075 chl ori des 6 W th
ani | i nes@ééﬁﬁgé{hescfnét% P%Sglgﬁnlpetllﬁgoég@%ﬁ?%ﬁ%% f?%r%%% al of the protective
met hyl gr oupsAGiolygeplide dah bptidRIP cadthinrdterdlbgousiamdo acad @tlermad: i@cul es 25.

0076] An ortant. a of the pres ent on d f
I[:or rm} a #d ‘i“hrr‘%h@é @Bﬁﬁt@%ﬁ%@%ﬁogﬂ’? dﬁoﬁgﬂ?’io \fggui JF]%S ‘i‘s:%‘iwi?‘i‘ efe aggpts Ogl s

in response i a%ﬁ%g&%bé réfeﬂ%als&a}heﬁwﬂﬂad SrigitHfR TR0 @ourd:dfore’igrctbrthenpl at ed
t hat "t hese conpounds sensitize cells to inducers of apopt05|s |nclud|ng

cel | s t hpartiauler hast¢edk amif fram dhechmiehasicstels modificd e jis %%B% 1dprme Bcl -

famly nmber h| bitors dpkigel nduce
apopt osi X?YHP%W R s@%%%{i‘e%ézgﬂﬁ% E[]%?téelgt ggﬁé Sq%srgé&ruat egégoF1 preevent ed by
t he i nduedtiamsih s@ﬁeﬂpéqmn&, amudsﬁedtrhmgnaéwmtnqewahunm gasw\lm hgeone

corrp05|t|ons and thods for targetin Isc c
over ex pr gigualisgausReg) L S%@B‘Eedisfaé %E(Hungcq% SRR vﬁ%ﬁéfe u%)@%tiréﬁ?og}.’paeﬁhd% one of

t he ? ?é FeRhRtdbeggel s (e.g., cancer cells) show el evated expression

| eve anti-a opt0|c Bcl - 2faml%/ ber )
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
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proteins as conpared to non-pathol ogi cal sanples (e.g., non-cancerous
cells). In other enbodinents, the cells operationally manifest el evated
expressi onbeve/e3i anti-apoptotic Bcl-2 fam |y nmenber protuszes/ oe3virt ue
of executing the apoptosis programand dying in response to an inhibiting
effective amount of a conpound of Fornmula I, said response occurring, at

| east in part, due to the dependence in such cells on anti-apoptotic Bcl-2
fam |y member protein function for their survival. [0077] In another

enbodi ment, the invention pertains to nodul ati ng an apoptosis associ at ed
state whielé %eﬁ@ﬁﬁéﬂs&dﬂfhmdmblnm cdlt, tivored inprsfuddy sulpwemader ng agent s.

Exanpl es of OSI s modul at | ng._agent r Liahi Mted to,
Fas/ CD95>0HEHQA OFfRE R exﬁﬁtsmntﬁ%? %%E%Etﬂg@y&%ﬁgé @}fg% R P, TNFa, Fas
| i gand, N&Mdsiin EBIEFQQH%@% bOrelEAddRkormE cAIRAIshBiorBE Hestred pB3 us@AX, BAD, Akt
CAD, PB kinase, PPI, and caspase protejns.. O her g@gpgﬂ nvol ved in the

i ni tiatilseindsesogeres” meensdba theav s PRRRERUIASHS RS %€ al so incl uded.
Exarm{ es, of oﬁgrﬁggp = %ﬁﬂh@%é&%ﬁﬂ%ﬁl@h ktREhrest PHGID She rebveRCt i Vi Ly,
presence o e 1n concentration of which, can nodul ate apoptosis in a
subj ect . prBeaat. eTheeﬂbca\mppmseas nmdml‘aielqmg oagere BlaldiagionaudisedonfteBihopt osi s,

Fae/ 0oo5 |1 gatrons VeRpe o psbies con SRR SLR e RN IRIR D ¢ e

CONMPOSi t kR Ak atfett)aa@cﬁfmetm 1@§1&Sdifﬁcteldnm&agemesls amwhuhecsp@caﬁt reat
di seased cells, tissues, org or at h i t| a&tegl[ or di sease

stat es |W°éﬁ?tldﬁ(9¥allfd€%reéasma‘ 1%%%‘1? SR %P‘%&?O%dﬁ 1% aH% 181? not |inited
a0 08 KBTS ARANd R ik, o fodiudnbcPORfiddetsisdlimidé sdtdses and
path ogl es-are nena treat ment or prophylaxis using the present
met hods  ssidues) ipthsiencasied vamanmNnublastmmob@eetwgtwterdétecfsgnt“F?éé St seases
and condj L1 ons | ncl u ’Vall?éf)tle (§nens%Ehithgﬁ1§dT{aﬁsfoﬁﬁ§%§tEIﬁ&@&ﬁr prostate
cancer, ??ﬁmesclﬁ cancer, 'pancreatic cancer, colon cancer, . nelanomng,
mal i gnanMd@eﬁéswmtt“ DIAbY @tbmh(tﬁboratbnas PabeterGApri mary brain carci nom,
head- neck cancer, gliom, glioblastoma, |iver cancer, bladder cancer,
non-snal | cell Iung cancer, head or neck carcinons, breast car ci nona,

ovar i an egk PRl ¢m&sﬁ%§| noma, small-cell lung carcinoma, WInms' tunor,
cervi cal “carcinoma, testicular carcinona, bladder carcin
@ﬁamaﬁn}%t. c

pancreati ccar AlwuﬁatN@fO&ﬁﬁ@hollzmp@dﬁéﬁtaabe ineATperated iRip A
carci nonma 8&; LLourt arﬁ%{l% ﬁ%{a% Lﬂ%ﬂﬁ i Q'agloﬁﬁtr(ff'tﬂf@fgmypeﬁﬁ@@m%@or

&

carci nonﬁb renal carcinomp, renal cell
car Ci norrmoremjmtsr eﬁdlple@ts QiarTiEnsg anda(dmh}mahtsc dmtwabé@dlbtenﬁnwm%w(bnant

pancreatic i nsulinonm,, mali nan rcinaoid CI nQ o] i noma,
nMycosi s Pﬁ%@‘@?‘faé@m%lq"dﬁa @@?@8‘] achana?n TV C{T%S I@%é%@%@{,@ | eukeni a,
acut gl ygRRRGY! WecdpeibieirAers GRRIUABbRCbMPRINIE YhdrEor eodbetrbable satsf e myel ogenous
| eukem a, chronic nyel ogenous | eukem a, chronjc anul ocyti c | eukem a,

acut e gr anfferngagests) eligee et polysegshayidesepol YF‘éLSk‘élﬁ?O& HEROSPEE e,
rhabdonyosar coma, | 5&1@%2 ficeS éﬁlgregaﬂﬁa Xrtfahyewé B SofbeiCafine @SEEMINL, pH

thronboctp{om S, ease nphoma, soft- t| ssue
sarconm, 7c151toe70©emmtlﬁaemmﬂarypamrsﬁon’amsegiwbphqs dOOmMSﬁB@t‘mnobl ast oma,

andthellr T a i.at e t0|mrune fl ammat ory
di seases:H Oﬁlfl@C]t:ngf‘g Eetﬁﬁi)%‘? gelg‘flﬂ‘feé At %ul?ﬁl nand %Sﬁ‘ %ﬁfﬁf@m d ggener ative
condigki OnBarnYREGIHaPERIOSRRRE an RITBuridE, .5 kREMmcsmmenbodl ments, the
cancer cells being treated are netastatig. E

PHARMACEUTICAL SCIENCES (Maack Pubhshlng Co aston, 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,
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enbodi ments, the cancer cells being treated are resistant to anti cancer
agents. [0079] In sone enbodinents, infections suitable for treatnent with
t he conposotzoenesmmd net hods of the present invention i RCiraseqosioede3ar e not
limted to, infections caused by viruses, bacteria, fungi, nycopl asna,
prions, and the |ike. [0080] Some enbodi ments of the present invention
provi de nethods for adm nistering an effective anount of a conpound of
Formula | and at | east one additional therapeutic agent (including, but not
limted to, chenofherapeutic antineoplastics, apoptosis nodul ati ng agents,
ant i m crghi ghisula@iitiaVdrfe@hE sutRiathnsny dtomchial hoapikiie,ivaginaled ory agent s)
and/or therapeutic technique (e.g., surgical intervention, and/or

r adi ot hanepiveshe adr@oBIRIM- nunber of suitabl e anticancer agents are

cont enpl at ed gf, bl Hidi1e (FphRARRI Almiriranbec@RtnicAeRiana skrilieed, { he
present invention contenplate but is not limted to agdm nistration of

NUME OUSaqaedus padpertion gl yasand ANeublastiponyrsptidea tvhichareferalhois {395qnes

pol ynucl eot i d e.qg., anti-sense, .ri WA RN FRBluReRs ndese (€. 9.,
enzymes ‘ﬁﬁlﬂthﬁﬁfqogé)ég@srf?lplﬁpto(fe&jipglgflglr??frarétslg}g@eS(%l. g.? gossypol or?B(Ii—B

m et i CSYreseA@@M Gnit-Béde opiniulti-desegformol i gomeri ze or conplex) with a Bel -2
famly protein such_as Bax; al kal oj ds; al i agent s; 1 Lmor

anti biotics; %Pﬁ%%ﬁé‘]’%@?nﬁ%ﬁ’&ﬁég?“ﬂ%ﬁegﬁlﬂ#% o (?Bﬁ%es(?ég%ﬁnegcl onal or
pol ye! ongl.iankd BRdhiRSuing bfrer ARIbRGH: apdRenjusgaliedoal 1bman; Naghcer drugs,

t oxi ns, e?en5|ns), toxins; radionuclides; biological response nodifiers
(e.qg., i@terBend)sndd -argning(®e.)108@mM)-nterl eukins (e.g., IL- 2)); adoptive
i mupot her apy. agent.s: hemat opoi et 1 . grLowih f Seni@d 89 lBcrbdahits nduce -
turm{]0 cel | dil?q:&uga s ulltgﬁle?%dé.gl,ddguggtrans- et_%oielé aci d)(;;r gene t herapy

r eagent Sgfch agcapsald, icaciregtabluty, aplozenzagy eathscoatathing e predeieaeispd amowHT

vacci nes; angi ogenesi s jnhibitors; proteosone i nhilhi : - KB nodul at ors;
ant i - CDKoChaBg iR Neuhlpshia Ho:l’PmeBﬁ“{eoP’é%)Slgﬁﬂlsloﬁeln P ﬁ@e%kéjﬁ@rﬁ)gﬁ{s\got her exanpl es
of chenot fier ApsW Tidnid QENCHNASa) an alittit, eABSETsidnher afriaeghtsui t abl e for co
adm ni st%%f?%ﬁ W tcﬁnthe di sclosed conpounds are known t.o tho%e skilled in

the art. [ 008 Pheraprupisadlyeatieetivecampuis il APRaAGEY A OBIPOSTOR¥Y SSpr i se agent s

that  [nduce. or stimnu ; leS £ i AARR &eniabtuaRaBlRBRoas bsskilncl ude,
but é#e ﬁ%flmfslteﬁﬁ%é)cf %u@]fe@tr1g131:%§c% ?%fnegfle. g. ,%%—%%ys,na%ammar ayg, U\/)S t unor
necr osi s if @etwar Féldianpie b abmdoditot @nde @dministerFdio thagatisctre®ept or pr ot ei ns,

TNF famly |igands, TRAIL, antibodies TRAI - +klhase
i nhi bi t oF¥StYERCRLY até;ﬁli"%%fe:ﬁﬂm Qbhw Re o N%Ff(’écbé’?& 8‘%5%%%'5 et B o ,
vascul ar g0k bndiRGleRimpRCBRU0Sagk ¥adM 1Kignase 100 hishkigtbody weight ofthest gr owt h

factor receptor (FGFR) kinase inhibitor, platelet-deriyed,gr.owth factor
recept or s{BBEARY Skﬁené%énqthﬁ%ﬁm@@g thaﬁeﬁaser&f?%? 1 itiefleesa 3?5%1&110\%5 (such as
GLEEVEO) ). . ant o & PREIKES (@ bHIERGERT o théJubjSAN,
ZEVE\\E! N, %@?kﬁ%ﬁtﬁg@;ﬁ?ﬁ%ﬁgﬁ,glgﬁeﬂnés)ﬁ e.gg. , ?glk(g)xi fene@g—nd t anoxi fen) ;
anti andr ggedwe(e. g., flutam de, bicalutam de, finasteride,

am nogl ut et ham de, ket aconazole, ~and.corti ! X se 2
(COX-2) i nhi bilh gkt foop P}lzeitﬁf’fée%%%?ﬁc%ﬂ ,3X@§§ﬁ$%ﬁg@§%%?ﬁgﬁgﬂﬁ§§?§?2 r oi dal
Bt 7ol | 4 et hasone . okagel basone.| nt ensol

ut azol i di n, , _ , dexamet hasone xgne 0 i ntensol,
DEXONE, HEbADROIde, figolfhespediesht seammal; e eIse ey t‘@%&%ﬁ%‘@?‘% E‘ﬁﬁ%ma

oxyphgnb e, AR 10080 k32 ORBnitdTb AN fprofgsiti@alngne,
pr ed%ﬁsoﬁéﬁ,ﬁﬁlﬁaEE@ﬁEg g\rﬁﬁ RNDEARI L); and cancer i
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,
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chenot herapeutic drugs (e.g., irinotecan (CAMPTOSAR), CPT-11, fludarabine
(FLUDARA), dacarbazi ne (DTIC), dexanethasone, mtoxantrone, MYLOTARG

VP- 16, ciwpl2até/a2378¢ar bopl ati n, oxaliplatin, 5-FU, doxor eoiraisagosgesssit abi ne,
bortezom b, gefitinib, bevacizumab, TAXOTERE or TAXQOL); cellular signaling
nmol ecul es; ceram des and cytoki nes; staurosporine, and the like. [0083] In
still other enbodi nents, the conpositions and nethods of the present

i nvention provide a conmpound of Formula | and at | east one

anti hyperproliferative or antineoplastic agent selected from al kyl ati ng
agent s, w@bhtMRxalahicdRsl statg Tiatfisqabngyroddusihg mag alyo vatydrebgeeanduist her pl ant
and/ or ani mal derived corrpoundsl)l)heinr%ggéli] A%kﬁl ati g}g agent s s |table for use
in the pndsarrnicETREBRE 0§ AEUTgRA} LopJag GERCPENYT PRS0 1 nited to: 1)
ni troge : I AN RLhyiaE ophesphaii de, | fosfam de,

mel phal %a%éﬁgg%égggl ?f’ggﬁh)etﬂzgﬁ% t%%lﬁ%érhanbﬁtﬂ? Iy%);i5 2) et hgl eni m nes and

nmet hyl nel am nes (e.g., hexanet hyl nel arnine and thiotepa); 3) alkyl

sul fg?at 5 . Oe ok usthI fan); 4) nitrosoureas (e.g., carnustine (BCNU);

| onust i ; tine (methyl-CCNU); and streptozocin

(st rept 0zot ocVjant Naitsladbih potyipagtides are(isefy] fod avelnlating metabpiisng; growth,

di met hyl triazenoi m d- azol ecar boxam de). l..Lh so . | S,

ant i met afiélerendation, p; %‘BYl‘éalpﬁPnﬁlé’S Ofﬁeqr%%’éal %agg‘g‘rﬂm&(}gﬁéﬁg’gﬁfl ? %@%@ﬁ met hods

i ncl ude, pHute 818 dARbe bisdli th 8at ¥ alldiatb @l digordee beldisnat ofisliviag gnimaitetdot r exat e
(anet hop?erl r?)); 2) pyrimdine anal ogs, (eﬁ%é, fl.uorouraci IB]§5-f| orouracil;
5-FU), f & bwxuad,avhidh disdrdeson discasgjamerpngiae g ryUVity i adgPofrQBiA 88y t osi ne

ar abjjosi de) ) Th%%aﬁ%}!%isﬁ? R?igg{:}ﬁﬂ%s §i8c18sed HERAS@RY PRMFaButical

(6-nfercaptopuri ne; anine (6-thioguanine;, TG, and pentostatin
(2 ' - deowyagdsitfony comprising §a6@B64n baused irl methads foe reatingadlispadars,

chenot her apeut i c nts suitable for use.in the.co e t hods of
the pres _@hﬁraqtﬁv_@ﬁg?gﬁﬁ?%‘?éf’ GEEOBR AR 8" lfle(%lttl?li aﬁgl é()g‘ ‘%@?ﬁlﬁlh(\i}? ggﬂgﬁlﬁl oi ds
(e. 9., Vidyak asishitBot(dhBla orth Bey bSthe Retowing tispesp ddaphighlaty poiasal 0. 9.,
etoposide and teniposide); 3) antibiati ti nonycin (actinonycin

. 0., d
D), daunoedssk ergliede ehoneouﬁm?m}?egﬁ}lé g@g@d:,r%{%ﬁaeﬂ{e; eomyci n,
pli cagyc b@ntﬁofﬂt%ﬁaf @gfé’ gf tﬂ% maﬁﬂﬂr@&m{{m 1oBe bk YYehiRal Ghdglich) aBY TES (e. g. ,

L- aspar agl nase I ol ogi cal response nodifiers (e.g., interferon-alfa);
6) pl at i meserceghalit irggeimigpl ooclpisexes (e.g., cisplatin (cis-DDP) and

carbopl atin); _7) anthracenedi ones i 1 : sUhstdgt ut ed
ureas (e.g., mwogg??n%ﬁfew{yhéﬁ%ﬁog3}1)(8{2{%)1%1@)%%%#3%??0\%2%( e.g. ,Eéd'

pr ocar bazi p@ibierTREdddphy i@z edanddetdpive déomdus be toated,qadre papipnled s ant s
(e.g., mtotane (o g'-DDD) and lgm' nog)lﬁ]gt thjmde): 11) .

adr enocory-fielissiiter.&i-HerEad dh-betp fibarReupms) In @}tloﬂi’r sigapd 4.

hydr gxypr. Vpéted st BE ReRedCet at e, and negestrol
acet g?e) pgl%%ﬁ@@%&%ﬁ@ﬁ%gﬁge ?ﬁ]{gﬁéeﬁ%y stti | best r ol eand et hinyl estradiol);

14) anti est r ogessnd enbpdimenisyondtpensuromdiyeagassrefyasasmypaonhic 13tgak ost er one

pr opi onat e and st.er.one).; | PO n i; 1:ge) : and
17) gona&gta’foé’ﬁi(néﬁgﬁég‘gfmﬁal F%L}S)ﬁ%ﬁ%%)ﬁgf?%s (e%ge%,' SIP (e)%gggrﬂ)%ded)ﬁ%ﬂ[@&ggn Any
oncol yt i GaAgeMNeublasin paygeptillésnah Ye usedo enhanceaneerccoveey &lowdumt ext finds
use in the conpositions and nethods .of the present invention. For exanple,
the U.S. tRypatiaiduly dgemaHy sy F‘éi@dé'illonr’rﬁinﬁ?’gigﬁ alécef%lﬁ?ﬁf?gﬁ alnI;lat%rﬁcol ytic

agenbs apRRAN&EL SoNmtSén|uRated NckBlabiifbob)ibases, bifusibn 8t éci@lates of
mutated Neublastin polypeptides can be used. Such nerve guidance channels are
disclosed, e.g., United States Patent No. 5,834,029.
In 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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counterpart agencies to the U S.F.D.A maintain simlar fornularies. Table
1 provides a list of exenplary antineoplastic agents approved for use in
the U S. wbase/ekislil ed in the art will appreciate that trhe/Uspesdesss? | abel s
required on all U S. approved chenot herapeutics descri be approved

i ndi cations, dosing information, toxicity data, and the |like, for the
exenpl ary agents. Tabl e 1NEUBLASTI N VARI ANTS Cross Reference To Rel ated
Applications This application clains priority from provisional application
nunber 60/602,825, filed August 19, 2004 and provisional application nunber
60/ 694, 067, fihkese dmBediRdats 200 Fariahh N eabitstingotypaptides (anid phawrecodticchese pri or
applications is incorporated herei rtL by reference .in_.i tt%r}erggd I8 Nile Techni cal
Fi el d Treempesidiaes Gymrsing:sa®e) e Picdies FHealRe AFEPRAMC REP=CUL ST 501 ogy, and
neur obi Oélﬁﬂ%nia %P%%%&H%sé\{%&k@s%hgiﬁm 6560 KB@With @SurBpAtayti for @etingnovi n, is a
24-kDa honodi neri ¢ sectfeted protein that pronotes t h? survival of neurons
of the peéral pifertimhs amtvitéassoeiated apwepahisy fouirsating Raiga: é@E?ﬂﬁ nergi ¢ neurons

(Baudet et al 2 vel .. , hage @lsc@dsed in2000, Mol .
Cel | RgEpethy; i’%@f I ?H%Eg%ﬁwﬁ%@%} .Tﬁ{%'ﬁlgmgeneeensgogf nlgr;1 neubl astin
has beenj&dipinale flldwiegubsctohs( Rosebl ad et al ., 2000, M. Cell Neurosci.,

15(2):199; Baloh et al,_ Neuron, 21:1291). Neublastin is a nenber of the
glial cell |ih£ﬂéﬁ&&é%ﬂﬁﬁ%wﬂ%ﬁﬂpc factor (GDNF) ligand famly. At the
cel Ful ar I eveye (Al N&Mﬁﬁp@?ﬁép‘ﬁ@é@di&&l@seﬂﬁ@ﬁﬁt(@lﬁd phyarostauecMli nase, RET.
RET associates with a co-receptor, GONF fam |y receptor al pha (GFRal pha), a

h
gl ycosy| gimsystiamns dyhprisiesiams) cancdyeysed nyRetho e BPYPRIBICPRE ™ Br ovi des

| igapd specificity.fo I known SfhRai@ha 1-4).
Neub st?"ﬁJeSF %cagp1¥s6n%§gﬂ§§%—ﬁg§§%%g%o@%ﬁ‘?fﬁ@ég%% formng a ternary signaling
conpl ex \Bablakein pelypaptide2ier, aldey et mpatenadminizering 86the el e ap effggtive 1998,

Neuron, 21: 1291), ich is.localize r 1 nant 0 ol tive sensory
neur ons fEPHEO a’éfmaig‘?s%a'lﬁ%‘fff}g %&}90“3‘?8?3%’3%8%‘1&1{1?‘% é’fé?pl&f?l leig%) These
neurons geteetanfidddhyansicd, I?d'fp;uaYanaTgBd‘ﬁ:s, 16&il bhazsthbticshasicehviubiao appl i cation
in the gener al treatnent of neuropathy and .rm{le S eci(ai %Q'l@/ I'yr%)tlgpe
t r eat menentisfeprestantspearfisastepriinandaionsiabidal anfgnHHBOORE™ A1 Y renber s
are menbers A8t 3 Wt iR tOh REbehvTkeht. bebrdthauper fam |y
and us Mafe %ﬁlggrgb{hggﬁég{?mb@g?ﬁggpr esence (glf seven conserved cysteine
r esi dues embbdinghtyileamalzpasingeinp icempéundris gahapeitinuct ure of a cystei ne knot
(Saarma, 1999, Mcrosc, .Res. Tech.,..45:292).. Each jr ef_ contains two
di sul fi dé(lt?@HB%mF’ﬁ%iﬁCWWaﬁle@F%?ea&idp85Bre§ ralljnéﬁﬁg) L{ergm rci ing the third
di sul fi dg hiefyRsibbyd) bitgrtic 4@ Structure. The seventh cysteine contained
W thin each nmononer forns an internpl ecu{ ar. di sulfi %% bond val ently

t

! . C
i nking t he ndheesast Neublestimnohweptiqes disgioned NSEp (e PR ENISAD | et al
200044J. %)OSit%tﬁlcom?)ggﬁhggﬁﬁ? caihe R&ldan RN datmdie BPRIS aRbEaey Rithesi zed as
pre pro proterns that eventually are secreted as a mature honodi mer after
cl eavage pefipliena neingpathiepeptriode thergriphesaldshiopathjes dich ¢ bRACHEART |, et al .,
2000, J. Mol. .Biol, 305:523: Fai,l.i 1 LQle stfaem , 276(20):
169 11). t’i%B’E“ﬁ'lP‘?’rEe@f‘ﬁlﬁgﬁ’a gspte'igdéhogﬁ al%%%%gl’#g%%p&l ué}l at @ls%rs %?)ter’ secretion
for TGF bgdcd aminhye REORES, piRRichEdmegt tetheapinal @BDG6rokk askasiat®l with 305: 523;
Rattenhol | "et al., 2001, Eur. J. Biochem, 268:329%.. Summary The invention
i s based brain dpeags ailchn%‘PnglcﬂrﬁhSP i .661\}8F’§‘frf’f1|%gten. ATe]a astin binds to
hepanisn sul f ate3tlad Nt RAL SHloBlid At saEhdiomaidhIatmidfida Neubl astin
pol'ypepti ae

compositions comprising same) can be used in the treatment of a number of peripheral

neuropathies, including: (a) 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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contribute to this binding event. Substitution of selected am no acid

resi dues was found to decrease heparin binding by variant Neublastin

pol ypept iweo0@nt3ismcr ease bi oactivity and bi oavail abi | i PgTafS2008@296a7 | ant s.
In one aspect, the invention features a pol ypeptide containing an am no
acid sequence that is at |east 80%identical to amno acids 15-113 of SEQ
I D NO 1, wherein the am no acid sequence contains at | east one amno acid
substitution, relative to SEQID NO 1, selected fromthe group consisting
of: (i) an amno acid other than arginine at the position corresponding to
posi t i onneffopathicSi (ScNa? cabisddebygunti-daheer aggitspaticilerly aifsrancar &0 th a

non- conservative am no acid residue am ¢ ac d an ani no
acid ot hﬁecﬁﬁﬁn&]‘hﬁl%ﬁ’woﬁls?wfg %?@ﬁer%,&sﬂg%b%o&o %ZO olifﬁlgl(sléttr)i)eon 49 of
SEQ I D Nidestie-a8d wirdolR1ifd; dhd btﬂzﬂ ak SarSEDBY hritliyedl a‘gbﬁté] partimlaﬂgz@ﬂmrra]at ive

am no acid residue such as glutam c acid an _am no acid ot her

than ar gigehtseelasted frompbs BroUBOREINES éﬂdb‘ﬁ’& @6Tp{9§<iap?%nias¥n8’r SEQ ID NO 1
(e.g., the arginin Fop@tni a4 Gind ik

aci dr esi du eorg%%:%% fnd §OI?M§§ t%%%gm%%eg%}n%ggﬁqﬁg df)\%henei‘lcll ms{rh:gzed bi nds
to a connhtemt Iimneatawmm@ﬂ(aldp‘ﬁra@wandtam B6idaficionay, anbotinieft s, the ani no

acid sequ on ns an no a .t ha itions
corres poﬁ i%o(%b‘g?%ﬂ?iﬁnﬁlgo &@ etlc %&Q@Eg@% ﬁfég&?ﬁl ger%1 exanpl e,
the argi ﬁér@@dérﬁ&éedﬁgnﬂbmﬁﬁﬁbﬁhrﬁlﬁc&&ewwﬁahﬁhge a(y)giemddegenesutlde, (hl posi tion 49
of SEQID NO I can substituted w.th non-c¢ rvat| ve a i d residues

(e.g., gheeditareneppphy (Rrludingbymsbimpehiod 8 ce is at
| east 90 al 51@21{% deudamiws 15-1 13
of SE% é&@u{&p%gﬁﬁé %f{ %GS%F%@EESS%%g%%gﬁ%Hgﬁcoﬁt alenlmng a%@no aci ds
15- 113 oﬁoﬂE@tddDo mlenaz;nsaﬁﬁcmcsamdds/pmymgsm}, (sEfeationes! Vistki no aci ds
15-113 of SE cid ds
15-113 of® ﬂ?lﬁf le‘édm% %‘“8‘2?0 r}%gt{‘%fspaﬁfg&%at%lg%%@ghe
enbodi WGfs@asetlﬂﬁrc%@ hﬁemﬁ;iﬁdiltwﬁihmsfeamnﬁq aanumspamemarm mtusslezl@cued) NO 2,
am no acids 10-113 of SEQ I D NG 3,. am no, aci ds %% 16%581)

ani no acifigm the goug C@F“%E@(’Ifléhﬂ@e%"mé?n@ ﬁoheéﬁ‘?s(fé’s'“fb 164 30ad PHy or
am ngsac 'htg]%e&pneju}ﬁgﬁ ?ﬁ%ah%h&%&deﬁhﬁn%f)m ﬁFOffWﬂlaﬁ@ BlpSpillbihe vﬁ@d)y@ﬁéptl de

cont al ns e am no aCI uence of the am no acid sequence of
SEQ | D Nant®; mnmmeammpathms nslsdpush@feno@im@rédgtq BuiljenaBaryqygyndipmee clgerig

sequence.oQ : t he
ani no aci“?)é T?%W%@ “Igye @ﬁé‘ %ﬁgqp%%%o | sﬁlggerg&lé a; J[))o Iyggg?ling&e

cont ai ni @@nﬁnaﬂw and pagméumpa;uye)n@ trdgentind situB 6 similsamtrhp;tabnttsw oeo aci ds
15-113 of | D NOJ1 ered ’ e ‘321 n(g I§CI d se e con‘g{l&ggﬁg at | east
one am némﬁ medybaetlinjfsdda Capnel wanehh apd (Redr Be 1° PaYle fom t he

groupyco ﬁ’éﬁaﬁ achliab pah, ke JesseTekanes iin, cheplersi ti on
corrggpoﬁélﬁ&ghggosgfgg}nﬁ%cn 2r ﬁh%a ID1 NOb 1 @., t he SI?I‘I ne IS

subst i t utregionl phnaymdmmébﬁmélﬂdmg bwﬁélohhliﬂﬁ@fl@die e’if %@Iﬂ&ﬁ@}w dystioph®n ami no aci d
ot her than gl utam ne at L foBatRPSintis@Rica, 1 of SEQ
ID NO 1 C:gu%igla)tlﬁec’p ﬁt %1‘%10%%1@?@1 U‘gag%lﬁl?lc aﬁ%Bgn:ﬂ%%u ?1 gonsesrvétl ve am no
aci d r esiNWiejpathié paih naly bemdnifesied ab dlotpria,typeralgesia,i sontencatis pHe oposi ti on
corresponding to, position 32 of SEQID NO 1 (e.g., the histidine is

subst i t Ut non- conservative anino acid resi due); (iv) an amno acid

ot heryst han ar gi ABgmakt dfacRRNlddomacor responding to position 33 of SEQ ID
NO 1 (e.g., the arginine is substituted with a non- conserv%%ve am no acid

residue); (v) The varianidleublagtimpolertidesliseloged heraindpnd pargpesit
correspon '81?)%51?Rfsoéoﬁ(#rﬂﬂlg?ﬁgm%caﬁ%gukéa lhl%él-tréa%ngnt of'&d%ﬁleadllgﬂﬁhﬁﬁl ds

substitute nservative amno acid residue); (vi) an am no acid
ot her t hanbjet iThe tatn tthailpalodyhiah typmaﬂgsqf@ﬁd@ thg condifion intd Bjegbwhere SEQ | D

NG 1 (e. .,thesrln sub it t am no acid
resi dl(.le) gpa(IV’iS i€y IHB‘?aé’é)Pd’ © Eﬂ“‘e(f ﬁ"‘fﬁu&)%aﬁﬁﬂ%?&ﬁﬁfgﬂﬁ% o\sﬁlgt i on
corregpondi ng Ih@orﬁ@%in‘bb&lfheﬁ% @EtﬂSE@)dy@laJ\l@l‘reétedBy gdmmislniemgngthelsnb]ectgl

substituted with a non-conservatiyve
pharmaceutically effective amount of a variant Neublastin polypeptide. In a related
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amno acid residue); (viii) an am no acid other than glycine at the
position corresponding to position 72 of SEQID NO 1 (e.g., the glycine is
substi t utwo 208ctd23B1NnON- conservati ve am no aci d resi due) pcivspooan2esai no aci d
ot her than serine at the position corresponding to position 73 of SEQ ID
NO 1 (e.g., the serine is substituted wwth a non-conservative am no acid
residue); and (x) an amno acid other than valine at the position
corresponding to position 94 of SEQID NO 1 (e.g., the valine is
substituted with a non-conservative am no acid residue). The pol ypeptide,
when di refiodieknt,hiditisaltodyaiaamaytestrcated by admimsjerieRalasvhiRcteaneiREVe | n sone
enbodi nents, the am id seguence i.s at |east 90%. at 95% or at

| east 9SUHUEER:a YesRnteubAsHB palgpﬁ%“dfgl-ﬂ%f?io&f? ’ cg%éaﬁ%uf}\:ﬁ@ﬁné %@% di sclosed is

a pol yp%bjféﬁance%h%unﬁ&maaf ARt ReitlhsEe guBpeRidatwithemsdffe8ve amemt i cal to
SEQ ID NO1, wherein the am no acid sequence cong]{ls.es gt | ﬁgst .one am no
aci d subsftantnalpesia-indesing rempeundseiesteirg, the sroup sensiing b ARIPKS WHoup
consisting af & (il ' ' EtidshaRicafaildAhRCarfideplessai@si t i on
correfspo?{g}yng E%k(%})é%lﬁl?%&gzs’g&agﬁ%i% Il\IO 1 (Ce. g.. thae .areltéi nine is

subst i t ugeticosietdidsand NS AT dinvoat iewmbodimienio the@inal gestaindyeing gempendds ut ani ¢
acid); (ii) .an amno.acid, other than afglni e. it fEespondi ng
fo posi { FLAGoBFRaROT Bt propge Ao el 58 sl EmBlahe L athaga el
NON- CONSEiLAdntYN ¢(1dthiematiycyostedae asetihach) ogbtepatmilio (8ip-amame3(iii) an

am no acid other than arginine at the position corresponding to position 14
of SEQ | 3-meshylprqpal)putanqipacid}gi nine is substituted with a non-conservative
am np, acid reg| it h Yhadh: Ne@lhdh polpRpti iy B@Rtnisiaed hen di neri zed,
bi ndis)oto a cgﬁrrlpsﬁglg e%%%l&lal m%g G-Ral ShaB ar?gg_ggﬁ'. In sonme enbodi nents, the
am no achdodigipmenittea therapeuticapsnt, Bddingtbuk veidimiteioly ap Antirpancghageniygo,
identical to SEQ ID NQ .1. The inventi StakQNaKGREES

cont ai ni ﬁ@aﬁl'ﬁﬁ?ﬁgﬁ{\gﬂ'c&‘é‘?& F g%%%ﬁﬁ%?%?ﬁ%%ﬁfﬁgﬁ%%ﬁi o r?qn- natural |y
occur ri ngispledin ABEodafsle,exedrting, winiebiyienrrd visblastinet Antiolimbagentsynlidst i ¢ pol ymer

such as a pol yal kyl ene gl ycol .Q., polyethylene glycol). The inyention

al so f eabuirasang linjted 4o, (%Jad?@pné‘@b%?sﬁ?‘ﬁ?tn P50 §8§‘P¥%"ie’38§%§r8}“%zel "herein
and gshet er ol 9U9Ls: Ak AR FaRlLEliHEFYREESE PalihSenkitivapt i on al so features a dimer
containing t e polypeptides, conjugates, or fusion proteins

descri bed her Bi anotlishembedimeni, variant Neulilestin pobwertidsn dissiReet ke (a0donposi t i on
contai ning a polypeptide.. di : ] ; f-us Icide s 1 bed
her ei n aﬁgarﬁ"ag*?]ilﬁﬂﬁ:@gﬁf) f’lggﬁlﬁ(&%{ cgeg{g gljg%gctaggs(ralgeedrlﬁgr&éel?(ﬁ%i} gérc]lEl .Clq | so

di scl osedosk 3 paif bistisiivity ach sultjenheflictedyithasequpatte Ihene eorbodiesst, she

pol ypepti de described herein, an expression vector cantainl - nucl ei c
aci d, andegopahy is Eb ﬂ?"r’i@p*}tli‘ye?%%"d’gee%‘g oélﬁn%%t%}ﬁ' o5 qug%dsl% g‘%ﬁ‘(’)@éﬁ %s a

met hgg ofj, akinBgh A pRalsyRemiyd erhid Remb®tiiaddd Buth peiphglattieankdahdrapeutig st eps:
(i) provi dsl ng a cePI cont ai ni ng an expression vector containing a nucleic

aci d encaédiingna pol ypeptide described herein, and (ii) culturing the cell
under condi t1 ons. t AL RSl XPrERR R Bl DAyPUEEICadthherclBal nvent i on

al so features P18 reating or preven a nervous system di sorder
in a manmyabjediyit Ao fdestlopingfoss of piie serartivity (such hevbipes yraubdibe sxpestediot i ve

anount of a pol ypeptide, diner, conjugate, fusion.pr I :

phar nacetheiac,saweéﬁﬁgb@ etaiﬂé’ﬁta@&‘ﬁ‘?rf)ﬁagwh 3\?‘8 itrﬁ?mxfﬁtew}ﬂgeg%ﬁng F]\Ieg‘lrﬂgscgmf eatures a
et hog ofyoiyheaideRdBaMER BRdthLaread Wolld sévermnmaat atyskaiibnts ptegentivglit o t he
manmmal a‘therapeutically effective anmount of a o{%peg%ﬁi#de %mr,

conj ugat e, f udh Brapeeiclroptment, %W%N@M*}SEBPO]@’B% it 1Lt P8ed her ei n.
The invengy f Igeﬁ% itiAGtdsUatduMb B ciRENwiegept or in a
manmal bysuiélg(ﬁrtlvﬁ%% & g Elge%tlﬁsésr%%ﬂéleﬁ)%}l ffsect iuve am)lcmt vgf a pol ypepti de,
di mer, camnjitegahe (subhisisaject would be expected to be a subject with a late stage

neuropathy). The treatment with a variant Neublastin polypeptide under such

30 circumstances would serve to rescue appropriate pain sensitivity in the subject.
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protein, or pharnmaceutical conposition described herein. An advantage of

sel ected vari ant Neubl astin pol ypepti des described herein is that they have
decr easedwbepava2s7shi ndi ng ability as conpared to w | d typ@/useasloassy n.
Decreased heparin binding results in a decreased cl earance of the variant
pol ypeptide in vivo. A variant Neublastin pol ypeptide having substitutions
at am no acid positions 48 and 49 was unexpectedly found to have greatly
deceased heparin binding ability and greatly increased potency and

bi oavai |l abilty as conpared to single am no acid nmutantsand/or wld type
Neubl asti n. Eprmmad oF Vit @nfelaionk endVirsln ssoeistefl Nenrbpathiesx hi bi t  an

approxi mately 185-fold i ncrease.in se}r%li ﬁxposur as co ar d to wild type
Neubl ast i n. Ilﬁoﬁﬁ’é‘ioﬁPEﬁam{eﬂ‘i%ﬁ’a@&%‘f"éa VEAmeHRRatPISE H o 3it an over

five folg b}?ﬁ{]&i% nERBEASA PR Betkiih i W rGQEPATR o @nd/\bdf&etoylm

Neubl ast'in ere y acilittating large scale production of the protein. The

advant agﬁmeam@ahhwepaped@@fmgme@bmm aowriont Newblastn palpentid bl auinisteisl ypept i des
allo treaf nent of su i@pgdhor allow

f or Vgengtf’t?éﬁvga IRREEPRIS Jlr? ‘%\/eelﬁ%gf %gﬂlhsﬁggltﬂﬁ%?\gﬁl tggtog%ér%r%&a\lﬂragd o treatnents

wi th t heagwbdigted WRE 1@piclyElyhe dllslfdse,ssaumipmmwpaseasd@mtﬁémthalllfbctIO@dil’.Ym cal and

scientific terns used hereiﬁ he sane matanl ré}g aseg%ru Ldpederstood

by one ofirusy PRTHEHILEX Virys selgeie P URTEH® ePeh T on af'ongs.

Al 't hough%ﬂ:ﬁ% bﬁyﬁerﬁ@stz%ﬁﬂe@b@sswmclhaﬁayqreamlpbmaieemcheurhlz@ﬁa desar i bed
herein ¢ e used in the lE{Dactlce or testing of the ﬁresent i nvention, the

exenpl ar immeiddefisienayd/ima(BH)arnd apapilipmas Ylﬁk‘iédmt?é‘laét\ﬁfna UpeBPedisEiiohs, pat ent
appl jcations t.ent t hesigbpatlas

i nco*(gor Yﬁ%&”ﬁrg&la e r@%ﬁ 1&%5{?6'151 %fé%(ﬁragt@@cg?% éggi_}gﬁ'gf conlf‘hl i cfﬁamt he

pr esent ﬁpmldﬂ:albpean i ncl udi ng definitions, wll control. The materials,

nmet hods, and exanples_are i.llu ratl e on nd n t
limting. O hé}’m?f@ﬁ]tsﬁf%?t%ﬁﬁal é ! C#&ldteh%e? g%rn %oogq\c/l\n%l t(g[e appar ent

from t hefphihRWiRaddetod bt Msbidl Qﬁ&dévl@ldpﬁﬂént @nrststanpaihén theaiffosted Breh of
Descripti'on of the Dr awi ngs Fig. 1 is an alignnent_of human ( SEQ

ID NO 103 bodmuslicl @@cgorrmlmonmil)caﬂoalrﬂf arhggpep @E@fllﬁeﬁ@mf@}lglﬁ% 5%
Neubl ast ' okd] @&b?lt}isruﬂeﬁéﬁ

respbt i DEPE L e b o b S P Y or .
The RRXRrah;ﬁ-ﬂ%ls}?lmb’lonﬂlhags almetppf:areé boxed Fig. 2A depicts a cationic elution
profile of wld Ne : apnd three single Arg-to-Gu
substitution rutar deaksS A, T |l oping line represents the
theoretical sogipumasti @éahﬁ&t@@ﬁﬁﬁﬁﬂﬂﬁbbtﬂihefuwpamws ginvenpleed.ume el uted from
the columm). Data are a representatlon of@é e CDZSO%tlrl (?I&S of .the_eluted

sanpl e. Brephylgtieiapitmens of diabplis REVraRaHes ERRd EPHIFRSS PRUFIORA 4. t ype
Neub b@St 'c’rl‘t[;led&l: %P{ﬁ Eﬁosﬁ%@ HBERE oS M & - AL 14 SripiiPsld Beidrt @fisefuf ant s ( Peaks
ngl 1 ne represents the theoréetical sodiumchloride
concent r anbumpathmrpam%gvhymtlvtrb&tmn‘eofmaeﬁulfdlahﬁw h@r@ww?y asata are a
representation of the OD280 Iue 5l 3B are
phot ogr aSRS™HERT ‘él%"i“ﬁ%tegﬁ@% WC{ §- Plgspkgilo &&g Q?et{ %?dar}?gf%m oni c

chr omat ogkqphked s@mﬁnﬂﬁlspll’ﬁﬁﬁlg%aﬁﬁeﬁ) aaranmhxmmsmp@yp@hdhsmlmlmsteﬁdg 4 s
a graph depicting the results of a .Neubl a bi nd| (assay.

Fol | owi o BISYPIBARESazge GERGUIRRERS pain t?é%at%‘? elﬂﬁ?fk’inﬁ tfiiﬁ fd type and
Arga be 1hB8cRERAGH RuRPABRI WaiRdhhOilsi N each
sarrp?'§ mé{f%@fagﬁ?@&igpégﬁﬂ ﬁ%gﬂ%1§1§?{e§g@%égg resul ts%g(1E a ﬁ?pam bi ndi ng ELI SA
usi ng wi latretdypappbaradin NBN113, wild type human NBN 104, Arg48E, Arg49E,
Arg51E, and Arg48, 49E. i 6 JLaphdepicting the results of KIRA
i TERHRE 04~ SRE : ‘ Arg48E, Arg49E, and rat NBN 13.
The variant Neublastin polypeptldes dlsclosed 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
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Fig. 7Ais a graph depicting the results of KIRA analysis of wild type
human Neubl astin and Arg48, 49E nut ant human Neubl astin (113 am no acid
form . FiwWo 26@/12378a gr aph depicting the results of KI RApamalSy@s®»2%87 wi | d
type human Neubl astin, Arg48,49E nutant hurman Neubl astin (104 ami no acid
form, Arg48,5 I E human Neubl astin (113 amno acid forn), and Arg49,5 I E
human Neubl astin (113 amno acid fornm). Fig. 8 is a graph depicting the
results of ternary conplex analysis of wld type human Neubl astin, Arg48E,
Arg49E, Arg5l1E, Arg48,49E, and Arg48,49,5 I E Neublastin forms. Fig. 9 is a
graph depinpbiiien tdiRaihRE ld|vhﬁarﬂf1\leh81ﬁ§tﬁfpblmﬁdk€m anahylsx thapinclidpgia t ype

Neubl astin, Arg48E, Arg49E, Arg51E, 48 49 H'g @?%&49 51E Neubl astin
forns. miagle, agueoys @léﬂﬁﬁ?ﬁ‘é@ﬁd&ap'ﬁ’ﬁw 1aﬁté% ?’%ep ¢8ki neti cs

anal ysi 31)@; hdd A HBS shabR! ast pagand Arg48, 49E fol | OWI ng a single bolus 7
ng/ kg s neous I nj ection (Neubl astin plasma concent rat| ons

det er ni ned us"ll“h@glet\f@es Mesten disorder ade be eterpheral INSPUS pysgpm digorder, éucg‘eraéph
depicgtin sul ts .of phar nmaco t al ubl astin
and Arg Eerra LRy 05 IERgpPe 10051%1 4}’%&0% m%a?lrs g{/eenoiifi{:;‘;fle(ll nj ecc?ile on

( Neubl asﬁ)fﬁ}eﬁinaﬁtrra concentratl ons wer e det erm ned using the Neublastin

detection ELISA).Fig. 12 |s aph depicti the | ts

phar macoki netli(‘,’én%%e%l?@l pE Flaf%’ éﬁéle%ﬁé ﬁ{ °Astin fol | owing
a si ”9' SinDRb gvﬁ%ﬁﬂﬁﬁﬁﬁwﬂ%sﬁf&é%@mﬁﬂ@&r@ tmuaeaﬂémuwne Puiptepdl at ed down to
1ng/ kg) T njection and 2X10K PEGyl ated Arg48, 49E Neubif? tin (ﬁglm ni stered

i nt ravenw@syhﬂwxnerrwﬁ«@amdpé@sbﬂ?ﬁfﬁInafs HAItRACRERY 55 ;lt?ri‘g far 8 t er mi ned
usin | asti AtrimBh g¥epi cti ng

rela RI@IE}BT?I (%n{)aer%glrrtg(séél%lggﬁn%lo@?%tldegh& Vg ins% transfected with

pl asm dSn@mgeﬁegatWelcﬁkeagepeg Nwhbra]ssahanmneun:«gwsdme wugopatly, €-a gr aph
depicting relative Neubl astin ress I veI 048, 49E
doubl e mREReTe ReRARAELh éiﬁ’@jlﬁ?r éf 13°45% H@Etlﬁ aaﬁseeagglﬂr%glﬂl\}m;lol%gé ‘%}938%’( Neubl astin
transf ectad (IR Olgletal ké1B8sis PRLSY. | Reh Pasamt Netiblastinlotypeptbdes nan bewsedtii on

provi des vari ant Neubl astin polypeptides, havi ng subst| %%’ S att sel ected
ani no acthd treaicatieSimpagedmeEons 6@ MPMRYTE IHPEERPA AP éw%n %pecific
resi ﬁjes in the wild type Neublastin polypeptide have been found to be

i nportant for heparin binding. Because heparin binding is beli eved to
contribute toTht ﬁﬂlbwm@areéxamﬂ«tslcﬁehﬂmaﬂwe@ifﬂ@mmntiglli| bryi ®80tdP Pene or nore

of these spec i C.residues ar & £x ect %(rzllntlgn §ease hepari n bi ndi ng and
t her eby FPIEHE %gl%‘r“i‘} ﬁ@éﬁ%%%?é o) vari an pol ypepti de. Vari ant
Neubl asti n Pol ypepti des Mature wld type human Neubl astin is 113 am no
acids in length and has the foll ow ng a{’n no aci d sequence:
AGGPGSRARAAGARGCRLRSQLVPVRALGLGHR Lxamples

SDEL YRFRFCSGSCRRARSPHDL SL ASL L GAGAL RPPPGSRPVSQPCCRPTRYEAV
SFMDVNSTWRTVDRLSATACGCLG (SEQ ID NO 1). Disclosed herein are pol ypeptides
t hat havE&xsmbletli: txsigred Mynthess ofan&Neubl&%md%ol\m@DmﬁSam d residues of the
Neubl astin po Mut at i on es are
expected to r%agtf‘lfw%&s AEEE ?ifle %15'&,[ FS%&B {/egrggga}egaqﬁg%?ﬁsgﬂfégduced or
absent hepafihtraRiiRdvig taltbllowgdsuriuibhstidresiduss ihdlosy pexieithloastin. A
vari ant Neubl astin pol ypeptide cont an am no aci d ubstlt

rel ati ve othsr:Jigl .3\ 948, gg"’%rtan(lﬁrg%ﬂna%?sﬁﬁl HPoTe BE?F%'MS of fhisfriad Sn& hlm%lrre of

posi tcon , Kt (RREGi G SN erbbstiSesuldBs aGl y 72,
Arg 25 %fﬁ@‘ﬁe %ggeg to ‘g'k a&?@gég‘rw* Olmg@ﬁ?s%z Toa Arg 7o

potential heparin sulfate-binding domaln Subsequently, a prev1ous1y solveéJ 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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Arg 9, or Arg 14. Unless otherw se stated, any reference herein to a

Neubl astin am no acid reside by position nunber refers to the nunbering of
resi dues woel2atao2878to SEQ | D NO. 1. A Neubl astin am no aciPdTris3e08029637
designated for substitution (e.g., an arginine residue at position 48, 49,
and/ or 51) can be substituted with a non-conservative am no acid residue
(e.g., glutamc acid) or a conservative or amno acid residue. As detailed
in the acconpanyi ng Exanpl es, substitution of Arg48, Arg 49, and/or Arg 5 1
wi th a nonconservative amno acid can result in a variant Neublastin

pol ypeptdnd@r J;Aaaetomm%eba@uga&taeﬁmammaadwng Neeobliastirt \Sebd6, Seef2i Gled (or even

enhanced) Neubl astin bi oI o] no at can be
subst i t Uedradd. & dd. 2Ei2 agld %ﬁlf %%’lagg%ﬂglr@l %%mtlop,tgg{ﬁ%grélgm ne

resi due @fg; %ﬁtek LQRakd by‘h?e crwﬂ/sﬁﬁct&%) Néwttdsud omthi ameparmosutfateas partic

acid, and alanine. A bi0l ogi C?G%é active variant Neubl astin gpeptl de,

when di riendizgsite donsaisus ssquence FRABIp residBes- AP tesrrsy and RET.

Any thod for detec i fiaceval uat e
t he oITSEIOEﬁaSEBﬂuVEi ycglél%/é; ARt Ctﬁ%lbzlétﬁfla %%fin&mtel?glelﬂmn Fary assays

for det egyidagmindglytatsndhy regorpis dikellyitobk dgseamspaqeyo tife tbreeamlfaémluWubl astin

pol ypepti de are descri ed in 0 d. k4 ant
Neubl astobsepyed ifbpeivge Wtﬁ?m (gggl%‘ggsg ﬂfe%eé’e%]il ue{lt%mgi StltAt abl lity to
trigger theNeyhlashioe Shghabionss trRyesea). For exarrpl e, the Kinase Receptor

Activation (KIRA) assay described in Exanp ﬁt?ﬁ :&J@ﬁ%g ]godassess t he
abi | i ty of a Tamnvesizatedbmbiglogical 1slovinse ot Flﬁé’ofeé‘tlia e-om

aut o ! BRSweRMMde Brigsh BB |

235( X tﬁ}eegﬂc}iilﬁﬁ @(%ﬁi é%%é%?“?‘té‘e gﬁrﬁsﬁgﬂﬂam gesubstel tlutl ons

i dent i flﬁldtuk‘@rlsl dipina avid hivaah Ngbibitad SEQ IPoONQpapThelargitee ®pidues@bptcti n one or

nore additions, bstitutio / I i aci d

posi ti ongt poagloaé@ gt PW?#&IEWO&FRQ%SI\EQZS r?g%B\QEEﬁHQﬁﬁdli\lfgegbl astin

pol ypept i %49@% SHQR&D: ), @ﬁuﬁ&ltﬁa\ﬂllwarﬁmemmemrgs t”; SE@ WNOahaci d

substitutions described herein, al S var%/ gglt@ Al ttho%s%{'g tt heererrat ure

hunan NeWbteanlpliaWdﬂb’l ghpapatedie- (@@Qde%’rﬂés nﬁ;e 36’6‘?18 ARt CRBTEEY 56Ky

ter mlg' al Btjegsgreg) d Clhtgﬁ‘th oﬂh&g%&hé‘?édi&h@%ﬁdrge fio@tondlthat @foutdetrdit 3 am no
Ire |

aci ds” ar eve useful Neubl astin biological, actiyvity. Am no
term nal sﬁlfaimmamednat M@ubh]emlsmdbb potermtinliy, Staé?ﬂﬁﬁlsalﬁ‘?uqd&&ﬂf&&qeﬁe%le?pept i de

can contal n.one or n herein in

The cont Bttt WeRaetinieg el pidied Tl 285 fofe b 1929%‘%8%?%157%”105 106,

|107 tﬁ08Eaé}ngeugb1éls@9 31 a/%ﬂxénf giaﬁgzl-lggmecﬂﬂ)anﬁimlﬂm ‘éarifjdstrtwft106ur$l§@egmy(an¢ (i.e. ) | ts
en can e

1llg 112 confprmithg cm%esw(ﬂgljsﬂﬁwovazﬂléﬁ? r@é‘ﬁadﬁ%%?ﬁeﬁffb%?’g?}%ﬁ?‘fl éf%kggn

addi t,jon MsEnof the am no acid substitutions descr i bed
her EI&R (a&ngl optl‘%ﬁa{%{ﬁ‘?l lﬂN\% ng g truncati on described herein), also vary in

sequence. In part| cuI ar certain amno acid substitutions can be introduced

into the Ube 101’10 8%@ aV\illg (?1'&{}0 g H{O%'t é ﬂl oss of a Neublastin

bi ol ogi cat pol ypeptide (i) contains
one or nore ofrhe h@rlmw‘éablaaircboﬂmiaﬁmdes N&tﬂ'ﬁ)ﬂb_]ﬁd@ﬁd@ firthgr biegtsinricaland (ii) is

azwl eagg/azggg)é ?08@6 85%}}169 ot 8?"69‘9\%"1% i zﬁ | den%%ﬁﬁg“% Pgﬁ‘ 1|5D1T3O 1f ( gIrEQ
9 9 aci ds o)
mgsl ﬁh € aﬁﬁ%aﬁﬁﬂ@&%&hﬁgﬁﬁhyﬂ%%dﬁerﬂmw@r |Si@e|vmc8t3»pahmmmf rom SEQ
it in 12 begroanas oSNV TG | 2 f NSRS P SRS or o
may i ncl t}ﬂmbb\a’rmmra ergonsathaappE il e or nore
non- conser yvat.i m no CI 1REIRFeabRIE: del eti ons or
i nserti orf@HOBF§° ase 78%% gﬁ%ﬁﬁe‘%’ﬁ Stl&{#éﬂl?l%nm@wé?gape umaerzl1 nmouse, and rat

pre pro M‘pp&ijeﬁ%ﬂ [0} 10 88 However this lower pI was not expected to dramatlcally 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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pol ypeptides. The vertical lines in Fig.l indicate the start of the mature
113 amno acid form (left vertical line) and 104 am no acid form (right
verti cal wone)eé/mB7sNeubl astin. The RRXR heparin bi ndi ng morius2e0s/0bwsed. Thi s
alignment of naturally occurring, bioactive fornms of Neublastin indicates
specific exenplary residues (i.e., those that are not conserved anong the
human, nouse, and rat forns) that can be substituted w thout elimnating

bi oactivity. Percent identity between am no acid sequences can be

determ ned using the BLAST 2.0 program Sequence conparison can be
performed usimgh afiths AgddRReAIRIgvEEERE t;vﬂanybameu’m@pstlh eoﬁeilhwa& supiectgfet er s
(Blossom 62 matri x, gap existence_cost o st of 1,

and a | atnﬁ@tsmeanF@n@P%P%‘s)T er%@??ﬁéﬂ?é‘#&?‘il%aﬂm 16518#11 ?Hﬁ?rd?efépmﬁ BLAST
progr ans %&9@% ﬂdt@@q 6l arfd 15D so8funPdhioridtI8Mlowdis] @ittor/Ritlds likesear ch

25: 3389 ons vative substitution is the substitution of one am no
acid forsaﬁrgoa:dlrm staiting ab i # indf anhendietveitt Bylsedivmeshiridey Yildr&PEubst i t ut i ons
|ncI t . D), Yt ddS eacdl AMNE and

gl yC| he; ﬁ?‘g’?ﬁ lﬂél‘t“*f@&%‘“w dﬂ‘i“éf@hmérll\eelzngazgX Z‘F‘J'{R?C acid and gl utani c acid;
aspar agi fpfscdidardt elbRdivithin 8 @dlt liaﬁge @f;@pmxnmtela 160 niviatbng reflectingdheie and

Acids. | rovtl Arghinend RaLPABie pSofebiped O PR A BIARNAR F PO

trypt Ophﬁﬁn %Qreﬁﬁﬁéu BRINE ArgIRE P9, 21 PRI ARG20Mes AQ(Dﬁhera;plectd&l}gJ yci ne,
serine reoni , cystelne, tyr 0Si ne, aspar agl n(j,‘ and gtfl t am ne. The

posi ti velkis dif&r@@d Sl(ggasﬁ?d:)hahﬁfgﬁl@ 1&@PEFSSuFfﬁ?ﬂ FaeEssH P8 110E° Wnd

hi st | di ne. i r am no aci ds i ncl ude aspartic

aci di(g lloﬂltc %t(}:lf%ﬁla Oﬁﬂg gl%{jtlvgoﬂrﬂl%{rll&)gf one nember of the

above- nent i orre@ldaeﬂnﬁnewhahmcthemgm -Glwsubstisutpensthpd amoffeas on epAsEr of the sane

be d t t t
dubst i ¢ ubmane, R pLie TrRpERaTh Gire Rty cpe BTy RRIRERFINET | e

el ect rop éclté&qoﬂ ?gmp@@éhlar({s@cﬂoma{b@g,phﬁ(ﬁgmB)Lﬁl)dmgalﬁhéismort uted for, or
by, an e tronega

ive residue . %) |ﬁ%¥, drophilic
resi due (seldglons Swre wmilphie)thess ué%@f patignis FhrQumatoggRpyy ‘:W)‘?H hobi ¢ resi due
(e.g R 16008 Rl ABoME rdRirOdlitih préfile.
subsil?tu ggﬁr‘fegrelutﬁgpﬁﬁﬁgwggSgﬂlfl?cant edsl{fée or |v)oa ;e5| due hﬂaw ng a bul ky
hydr opholwitd-tbe Membiastmoehstediet acplpmxnm:(teldeO mpdIsodimem chizgide &FlgT By is

bstitut | S
f‘g zi heugg%%)véerg&g@ﬁ%%g% gi‘v varllggr;?f1 ﬁéeﬂﬁrflgg?j% péIPypep Ses :;)e o
di scl osedp mniah FezBl PeARFN @nda50!mMe §ig\BBs Posk E)m)dumn cmnndwwpecamiyn

pol ypeptides that are mutated as corrpar Edgée e cort ca} wld type
posi t i on Aag4SHnppaarad v aderticukely dramptig gEeet OB, ep?‘?fé poI ypepti de

(113,,99, aaaﬁlbﬁn&a@&ﬂémmd for the
SUbS?I tutt?%ﬁlhe%gﬁeég%%%ggﬁf%%¥§g?tggﬂg absimlél\ct%?1 eVari ant Neubl astin

Pol ypept |NiaaB]Astuﬂsa@atent\bﬁﬂnﬁtaidzﬂhwgrm-ypepti de can be optionally coupled to a
polymer (e.g., a polyal kyl ene gl ycol noiety such as a pol yethyl ene gl ycol
noiety). In some enbodi nents, the polynmer is coupled to the pol ypeptide at
a site om,gaﬂﬂel‘geumlaﬁibi@m@ﬁbtysmpj de that is an Ntermnus. In sone

nbodi i th t Neubl | d
aci d Subst ; t urAlein AR caBgBions Db SRS} HRG: SOpEF R P BLSbE PP am o |
aci ds, 157‘3610%539% §E€Qn V\ﬁ? gﬁjtc;-amol’ﬂ@kééﬂspﬁpéﬂnﬁﬁﬁ [@dpatifl b Fat@dodd Oindrmer

conj ugation a polynmer can be conjugated. In sone enbodi nents,
t he pol yrmromcsremnuméedtheae sanee opaditiant Neubl astin pol ypeptide at a residue

(numbered [n ageorganGSlLn LI 20MeRGSdl SEOWE MAndheashentad from

t he group cons tlBgvsaTgpl on pos i on posi tion 68, posi tion
95. Exermin@raléplbdﬁltb hﬁlsﬁlbﬂlc\iﬁdmﬂﬁilﬁ thieaboyr conditiens, lNe&Bbladin pwing apd eloted] ugat i on
sites are described in WO Q2/ 609 9 and %84@,@89176 eﬁbelnﬁtt of whi ch
are i ncorpdt QQ@B%W&%CIE}WI?% Fig i Lapes wa t {'§e° lgﬁ “onaly contain

het ergy Og@é&%lﬁ"&ﬂlé"@le aAfoHicSEANS S 8eH ik interaction with heparin sulfate. In the

absence of heparin, Neublastin did not bind to the anionic resin (Fig. 3A, lanes marked
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addition to a variant Neubl astin pol ypeptide. "Heterol ogous,"” as used when
referring to an am no acid sequence, refers to a sequence that originates
froma sowoceodmsmign to the particular host cell, or, PCTUSeDSHEE3BaNe
host cell, is nodified fromits original form Exenplary heterol ogous
sequences include a heterol ogous signal sequence (e.g., native rat albumn
signal sequence, a nodified rat signal sequence, or a human grow h hor none
si gnal sequence) or a sequence used for purification of a variant

Neubl asti n pol ypeptide (e.g., a histidine tag). Neublastin polypeptldes can
be i sol atree) bisd MoNeHldyed sluketowmith 600 iivescalitm cietide @ig.\3 Aodangs markgdNeubl ast i n

pol ypeptjdes can be isolate m cel | s sue e ing standard
prot ei n PR bapieé?ld‘it%l??ﬂ‘(ﬂ(%lff@’g er gyidg a‘ﬁ [I\Iféﬂf’ésu% fé’gt m%ts)tI) astin

pol ypepthééggﬁncan be synt hesized chem cal |y using standard peptide synthesis
t echni que The synthesis of short am no acid sequences is well established
in the peptl de art. See, e.g., Stewart, et ah, Solid Phase Peptide

Synthesi g (2d. gdChln%ge%gmstgfb§8%eﬁ@n(1 S8R Variant Neubl astin

pol ypept Tdes ar e pr oguced py reconbi nant_ DNA Techni ques. For exanple, a
nucl ei ¢ aC| d Nedbéstih basteenodhovgn previansiz i bikg nbh-apecificapp ko ihe perifage o an be

can be | RorstgR s alo o, A SRFISELHS FRhnaBRdeh] St T o r 20

cells (seg%bl@ﬁedha ABRrEiak kieer GHOneelction is thediged, aclehdtén pyrgalsbuglel |'s, i nsect
cells, and bacterialcells. Wen expressed in a_reconbi nant cell, the cel |

is pr ef eNawhlgstias hlmlwtqmﬂéﬂffmpﬁﬂbﬂ%faﬁl RIS f or expression of a

vari gt Neubl aatd Qo POIYBERGIRxin UtPug{3% iR gNoW Rhiast bas pRlumegiide can be
recovered froma suspension I f desired.” As used herein, "recovered"
nmeans t h@HQ tedls il atks) apmbt;lb@mmmlwhlcb compisiebribindobeth NsyblaginiosRent s of a
cell or culture.mediumin Dres 0 overy
process. 2PH8 Wﬂtg‘d’b@%arsﬂ}lgmg 0%28353 esu% agé h{r%t()ﬂ?&et&} gétggg I (g?érzlrg or

purifi cahingfrss F@m&vmg’a{duaﬁtionNﬂiéI@bms\t/em ppﬁ)étycpbptandﬂagﬁwm dnd rcmmsmg uct ed

usi ng any of several nmnet hods known in the art ﬁé@?&@ﬁ get ho

sit e- di r een-dennd Neublses insthe sypefpatant was sybigcfaditg S B o ?rf desired a
smal | 5nu Aty AR aitohtrg e e diting opfiche Hedsity ¥Hlaage a

Si nghse arﬁrpﬁ{glfg%tll Q?%hgﬂll&?{éggta?lret}g a soma r? er1 gfo?rl)r edZt e?m ned am no
aci d r esivaseb)ted agaitse therhepatétcongerteation iegash mﬁ’lﬁ@éI Ypepti de. Many
site-directed tagenesi s kits are such kit is
the "Tr ansforﬁénﬁw%g' O‘ﬁrﬁ‘gg?nendc%? atl%1 glﬁ}gsglggﬂh %%ﬂ&\éﬁ)‘g gmﬂ%ﬁr??lgch

Labor at 0INe@BlaétiafofmhddoequilAmouisasf @aﬁauhdanaﬁedmnbasugemmlt AHyweveant

Neubl asti n paql ypepti de can be i ncor at e har ut| cal

conposi t adHiedsparH "rﬁnﬁ?jm&tl?lﬁg’ICEFﬁéetﬁlttP g?ﬁﬂ?@?e\?@ggﬁ?‘o‘ﬁﬁf Y8f the

pol ypgpt nenafth @&%d&{uﬂ%eru@ﬂﬁ%ﬁé&aﬁaﬁ,thae%ﬁatwmt&ngmawmm sThigand/ or

di luents. Acceptable diluents, carriers and EXCIPIentS typ |QaIIy do not
adver sel ybadrfaion saggesieil maéh@pagnwemmmeéwﬁhe@ll gt C@‘Ibéﬁlfdr]%ﬂpﬁlﬂ% faiildace) .
Accept abl e e I rbabkise salts,
buf feri n ;@%ﬂas{aﬂ Pmﬁ%glﬂfj(? &h?%g g?%lgoe‘gh@%y%rb Ei Sf?@lp%glom t; i mprovi ng

agents, Re@6ed Vidhi tMeSelaﬂﬂfabél)emBﬂe& heﬁam mntﬁsacgdﬂc/a;lompeﬂe ofsthphysi ol ogi ¢
saline (0.1

sodi um pwgg%wtanﬁ%M1gWIWaE FB‘?A(\I%Ot Lfqug{Bﬂgg{a& géﬁ l’td;%hﬁ?qm\aﬂs f or

for mé'sat 'b%%ar%(h@éimf@mééeﬂ%hﬁ@& aig Qﬁﬁg%ﬁ@&ﬁé irﬁahctmrma@aehmepmncaaa be found
in, GTON' S PHARVACEUTICAL &1 ENCES (Maack Publ i shing Co.

East on Phe Jrg4RBmviinmeight herrespongiblsHar s OBV composi ti on cont ai ni ng a
vari ant Neubl astin pol ypeptide can be system c or |ocal. Pharnmaceuti cal
conpositions can be forrrul at ed such that they are swtabl e for parenteral
and/ or nQExapA 7 i pe Nepblastin andadharia publastion nodal i ti es
i ncl ude subcut apeous, int ravenous i ntranuscul ar, i nt raperitoneal
transderMat hecal, oral, rectal, buccal, topi cal, nasal,

opht kgl m ¢, i ntfAmARd n%gsﬁgate tHétrBE‘o@ Eﬁeﬂﬂérﬁﬁed Stglhnﬁd? ﬁmﬁm@adiepabmdnnd’ln@l

I hatic, vaginal, and
yp site of I%eublastm a heparin binding ELISA was established. In brief, an anti-Neublastin

><
By
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intra-uterine adm nistration. Formul ations suitable for parenteral

adm ni stration conveniently contain a sterile aqueous preparation of the
vari ant Neokbaastsipol ypepti de, which preferably is isotromius2esoboeshe bl ood
of the recipient (e.g., physiological saline solution). Formulations may be
presented in unit-dose or nmulti-dose form An exenplary formnulation
contains a variant Neubl astin pol ypeptide described herein and the

foll owi ng buffer conponents: sodium succinate (e.g., 10 mMM; NaC (e.g., 75
mV); and L-arginine (e.g., 100 nmM. Fornul ations suitable for oral

adni ni sty@obRALINRMLEE WisaoeRl eftoasedwelt plateefalloived by wakhiag andibsul es,

cachets, tahlets, or |ozenges, each _.con ajg‘{}i%ng.awpr%det g@r&itg%ie amount of

t he var iadditionefpreefitheNpdlssHe ferte Bigfinyipted APATR MaH MER 2469 A icous 1 quor or
a non-a Ugoldvithd (}?fﬁ&h) : [ 4R N B8t/ Keparindidonilex wasddentified a

dr aught .Ci’[fa?‘g'e%%}%déﬂﬁ %331? y efafp‘igfﬁis\i}%’ g%ol\tlj_nt s of aIE phar maceutj cal. conmposition
may be adingni StepredintlBRB cenjigatewith psherademingeaioiubstpte, Hye B Pegi men

ascertainahl e one of -skill i ¢  arinS QERPSEDI on can be
adni ni stbé‘?cglag PQY%ga%&ssﬁi%%?m%%fﬁ?v?ﬁZ{}’%@%ﬁg%‘lﬁféﬂ?ﬂo 2%“21382 f?on?O. O my/ kg
to 1000 modkel)kadyosei@btacidf(amne asidsjledtl 3 of SEQIDSNO: 1)) forarsde Weianéx anpl e, t he

dosage is from1 ng/kg to 10Q ng/ kg, body weight..of. t j per dose.
I n anot P‘M?ubé%@‘aﬂﬁP]é(Peﬁt‘%%s %?é‘@}@gn??“g]re 1%0 Age %’QQSP& tl%r(]%rgglﬁgg’ %%?/Em ght of
the subj gata P SIRF B NOSR-4) 4506 & J@AkE dubstitbliomAegidhady; SEQ @bt of the

3

subj ect, per “dose. In order to optim ze therapeutic efficacy, a variant
Neubl astN@:Jol ypeptide is first adm nistered at different dosing regi mens.
The ynit dose,and regi tihakhi-RHA0E & ng/ml t he speci es
of mral , it §ﬁ%dﬁt§b£§glp§§9ﬁ?ﬁg%g f/}&lii\/\c/gll5 ﬁt of t_ahe manmal .ngT pi cal ly,
prot ei n heweh SFigns)t iASEARE axdeAngbHE boureldesssithgertlypwish eh aprergd FEeRiohg assays

ol ven Tisaimeht FegmHE TR it 2 ot e et R BeP\ L b ekt
pol ypept jdetibss, Wrk A hddBe SlsitldegnaiRebitetd ot lephrij biddimmewith of appfaysit ci ans.
Typically, the admnistration reginme is establ Iﬁ%{%d B%/dcl in calhtrl al s

whi ch {rgﬁCé@pémesug/mbbmrﬁéﬂl ag%ﬁﬁﬁ B PR BAXPAPLARPEER 8™ @H%/b@i}g ) :t;he

prac oner i I(B1}. K OrHEES: ¢ ALIE Biutdn Gras thuk Bfe

subj Léct &% aer%et}e{lﬁ%r?(\?\%ﬁ%%ﬁ S%Eﬁgﬁﬁ{sg% (S:)ail statgus. 'Fhe fraeqthlency of

dosi ng nmayndabdhldREyefhatneae hindingthepandasciompaied to theammeodificdNsubketig opat hy.

In addition, the f uency .of dosin b £l i whet her the

t r eat menfors apd E’Fﬁ‘ﬁéﬁgfﬁsie T P%%Wg?fﬁ%ﬁhe %\g%{rﬂ%ﬂgg%@%ﬁ}rﬁg% Hn%%at?d%\/ar i ant

Neubl ast iy RYoUPRBIUE A8S AREM® WiEe bubstifutsd witle gluainiang heprabohdisgrwagr owt h,

differentiation, or survival of a n(ier e or neuronal cell 1}1@1\1}26\{&' cul ar,
ate

vari ant Rt eliminate grgabians in @esveaaiolddecrroggyn AR hepgrinb a

di sopder ;orp AFRARMmed fwit"ﬁiri[ %ﬂgé@ BOLARE p](c)f?lt fhutan®. MBI vesMRisGEpedi thar der or

di sease i s responsive to e activity of a neurotrophic agent. The variant
Neubl ast iArg4Roplyyent inpesantirele irkepdrih bmding dugrielitp loeafiqna thedaiysi t i ons
conpri si Elg sar:%éd.can. be used in nmethods for treating a disorder

char act e lagﬁ"éege to sensory neurons or retinal ganglion cells,

i ncluding neurons in the dorsal root ganglia or in any of the follow ng

ti ssues: the genicul ate, petrosal, d nodose..gangl i.a;: .t he vesii bul oacoustic
 mete Recaplpncinasioh Anatyats OF SEET theaféyplaifn ERE ety
i

conpl ex &Xampe Q3) iHMAY HGOGPLPI :
maxi Izkomiﬂ{?&i"&'i\/ﬁxﬁadté)be of the trigem nal ganglion; and the nesencephalic

trigém nal nucfeus. |In some enbodi ments, sensory and/or_autononic system
neurons can b@&otdeteaming whethep henariadiinding sitsanetaiirisevaseliet maNsrasst i ve

Lo S8 ST TRSF T, At e cton il o A bet o

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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par asynpat heti ¢ neurons of the autonom c systemcan be treated. In sone
enbodi nents, notor neuron di seases such as anyotrophic |ateral sclerosis
("ALS") awod2e@/maisinmuscul ar atrophy can be treated. |n eChas2@sbessnents,

t he variant Neubl astin pol ypeptides can be used to enhance nerve recovery
following traumatic injury. Alternatively, or in addition, a nerve guidance
channel with a matrix containing pol yner-conjugated Neubl astin

pol ypepti des, or fusion or conjugates of nutated Neubl astin pol ypeptides
can be used. Such nerve guidance channels are disclosed, e.g., United

St at es Paidefdnalieg c&acfB4Fig20). Husthsanee, ehisoditasnggsst thitdieparin kindingéubl astin
pol ypepti des ([.and phar naceut cal corrlgo i tlions conprising sane) are used in
the treakiphiastipmaydiol beedpir<oioRECePPHAGINAION o i nel udi ng phot or ecept or | oss
in the reti naYVih@n BRLAHS SR IHICHERANWISBO MANW:Rr1 18 agiedodd foom) waet i niti s

pi gnment osa, gl aucoma, "and simlar diseases.|n some enbodi ments, the variant
Neubl ast subjeseddyip EBRAd@elyeiarits apnaremteie1h Wesahiftedrip Bsi et BREPRIBHBIIY ng sane)
are ed for .treatin + hi k i oa | I odyni a, for
redu ngorfeoqéfgeroqf%?oa ﬁu(%g%@?@?l&ﬁegseggg%ga%%u \%\n&? %ﬂg‘:ﬁvglgﬁ Ege,@f or treating
viral infi@spdrehwithde wild-gpe hemacNeaydastineonopdFig @8). Sipvlatlyedei ng pai nf ul

di abeti c neuropath and f i-n er vous. tem di_sqr met hods
are di scé%eﬁgﬁfﬁoﬁé{eﬂ?taqtﬁgﬁﬂgbﬁﬁ 1703?4{:8“%18 3§1g§¥1|§r8na§0 ef% ggg@ﬁ%@n{&eof

Neur opat Bhendalskotipsrel & Wildlygiewhbastin (FigoB)pptti ofthe dirgts, d¥ethdher ei n (and
phar maceutical conpositions corl’gri si_ng sa&eghlgs% be used in nethods for
treati ngAngAPViFadavole mutrrs (FEQ IR N6y-8and 6 o TSSARAUNF Yt &1 A0 0 t he

subj ect an gffectiy ' Wil Aohirbl Rh yaeERE todeTred t her

al ong(,? o?mg?(t%l}%g%}spae %ﬁ%%ggfﬁgﬁ?%ggﬁgayfgﬁect an effective anount of an
anal gesi aetivigu®igngBronpound sel ected fromthe group consisting of opioids,

anti-arrhythm cs, topical anal gesics, |ocal anaesthetics, anticonvul sants,
anti depressants, corticosteroids and non-steroidal anti-inflammatory drugs

(NSAI DS) gxhipRe EiiRed Complex Adasinal gesi a-i nduci ng conmpound is an
anticonvul'sant. In another enbodi nent, the anal.gesi a-induci.ng.conpound is
gabapentin ( ( Wikirhe hamay Npelegtigrad sad %frg@‘? hgpag P’d‘fan&"ﬁ?rgé'ébdgﬁtf(ﬁm

(S (43 442 0% Ao dEnHONGRE ARYAknRY ARRS pRiddls. TGPk ar] Neubl astin
pol ypépt i des PSelose erelh (and pharmaceuti cal conpositions conprising
sanme) camombingd dbbublastiiereteptertaveponatts (HRelphed oed BELY alpng Witber i pher al

neur opat i e Anpng t eri.pheral n i I ated are
trauma- i E\qu‘g]élat"h’é’lfrgwgﬁ?f&gsa,dﬁglp 6%0 a ﬁggg@%uscggtewlﬁ%ﬁg@%a %IbII?](j[}flr y or
di sease gt €). TRBY&oa@brottabgiled thebdeorhpomients sahnysialiylto daFhYPA plate he spi nal
cord, stroke associated with LPrai nR)’g[? e, ang netglﬁIL ical disorders
rel ated tiH@ERaaBHeKldedfirshiolloprrd Ry cubiastineaf Red; gﬁg'?@‘epti des di scl osed
herei)g (and ph%é%@%rh en WPROS el MPHLO IV p&STl NBareREB)bisding tves used in the
treatment of a nunber of peripheral neuropathies, including: (a)hé‘ée

resy (c)

trauma- i radbicea wisbothatré Gsand Agt 8 HeRpmEsesHpy thahtatedieublashp e

t oxi n-i ndyced. neugopathies (i LG DLt 1 RAaW@pat hi es

i nduced gﬁe thg%Bfffn@%for\}ﬁ?léﬁc]c%%érg%’ﬂ?8%%01\5%@2%81%115 eﬁ; g%g?(g(b)l%ei nt oxi cat i on,

ani odar ongmil&hirefignehRiof the, ArgitSilifuiang wheireae theaigfEs angbd wipld mttahtum

met roni dazol e, m sonjdazole, nitrofurantpin d)..drug-i nduced

neur opat HA&es48, thandigl %S‘%%@r“&%éﬁg WW%&FW@&E%%%‘-&EWS etsﬂriegepgcgi n (such as
caused bybiﬁm{l%-cancer agents, particularly anti-cancer agents selected from
t he group consSisting of taxol, taxotere, cisplatin, nocodgzo

|
vincristine, v%deﬂiem@eaﬁdcwme&@t‘ﬂ%?ddﬁﬁGe%lﬁ’é‘liﬁué(sAb%‘ﬁgé O‘B?ie%‘ﬁlbies-tyi ral
agent s, part] ek AGLY ANk eMI RSN GS8Y 6 Bl A ARB B E NS S I 1g

of ddl, scarnét, dapsone, netronidazole, and isoniazid), (e)
vi t ami n- detdptoreniayar affintethangpeapdsimiks to the drgifmutent: ArgfoR prd Wid t o
vitamn Bt]}'rge Iqlgfﬂlolgslti% o 'an oF 1n?tgl]fgr tEg re%%];tlof; ha\ods mladr\}V%y\Qe%v%% theSobserved

30  maximum and minimum binding. The triple mutant did not bind under these conditions.
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deficiency), (f) idiopathic neuropathies, (g) diabetic neuropathies, (h)

pat hogen-i nduced nerve danmage, (i) inflanmmation-induced nerve danmage, Q
neur odegewenratd/ssi( k) hereditary neuropat hy (includi ngPomtusa@is/obdenited to
Friedreich ataxia, famlial anyloid polyneuropathy, Tangi er disease, Fabry
di sease), (1) netabolic disorders (including but not limted to renal

i nsufficiency and hypot hyroidisn), (m infectious and viral neuropathies
(including but not limted to neuropathic pain associated with |eprosy,
Lyne di sease, neuropathic pain associated with infection by a virus,

par ti cul @dryl, aheét Eats selestahadrf4Optayhepigoaliplcionsiestingieublastinier pes vi r us
(e.g. herpes zoster which may |ead to postherpetic neuralgia), a human

i mmnodeﬁfléh’fﬁéf?éyts\‘?"tc?%r (H'V), and a papilloma virus), (n) auto-inmmune
neuropat hies (including but not limted to Guillain-Barre syndrone, chronic
i nflammat ory de-nyelinating pol yneuropathy, nonoclonal gammopathy of

undet er nExepaplg B:ghieds and Far UXdD gaglatyistsyr opat hy), (o) trigem nal neural gi a and
ent r%pment Syf%fugtrﬁgr m(fésﬁ%tgqie@fegﬂtof p{% diohbl@‘ntuﬁﬂlotng ofreBfhstinnel ), and (p)

ot her” neur opa ain’'s rones 1 nc ost-traumati c neural gia,
phant om ddcéiiappand, telmiuhtstxmbmres dieehgéBs%dDuble oAk was subiictaddp bpdi n syndr ones
(i ncluding but not

ed f | h |
neop! asi Hoaraed 581 Y paatses- el Pyl aR B o el PR 20 @

sci at i Casecgﬁié'fﬁﬂﬁft@ftﬁryp@iu@tu?@»}’th@%oﬁi@ﬂhitﬁ)‘iltcﬁ'(ﬂhe?@ualdrﬁ)lﬁiyﬂitlv@a,s veypdosel gesi a,
spont aneous pain or phantom pain. 2. Treatnent of Tactile Allodvnia The

vari ant Nehsiadshd wilgbipy Pepbledtes di scl osed herein (and pharmaceuti cal
conppsitions conprising sanme) can be used in the treatnent of tactile
allodynia in a subject. The term"tactile aIIodynla t pi cal'ly refers to

t he condEkampie On Phasnsoplaoétiomued wsipali the Neuldas h DawblgMulanbf t he skin

(e.g. touch) that i or mal I Nhocuaus - Nt s ctile

al | odynia i s tH4t ‘i%stﬂ‘uﬁﬂ%ﬂt& PRy pﬁian?acoiﬂﬁetscsggKZ%%Mp%g?s?%%&eﬁt ically
ef f ecti veramaeiinotdly AW ar ke litahlestislya ST, rwlnodrycmmn tdeavailabibity of less

rel at edenbodi ment, tactile allodynia may tr eat ’hthg%lf’vg’m n| r| ng to a

subj ect #handfs. denayia-baprs Aearagyce gla\yé)(elo&ﬁp ﬁ?ﬂs%st AP t;yt S
al on ? 35 OfroRi¥te ﬁ‘gﬂ;‘e Q\'f’h%g‘l%f héiﬂﬂﬁ (Ba&ala%%e%%ic@ phrtiepat fiSfilaneN BRI s efpid vari ant

Neublastin po e wth an effective ambunt of an anal gesi a-i nduci ng
conpound c&&ﬂaﬁm ﬁﬁnfthemat theeAigA 84PE dowldle stutang (adengopitibihg svildatype senttet hi cs,

t opi cal anal emgﬁ 1Jﬁgﬂabganaest hetics, anticonvul sants, antidepressants,
corti cost"éfd q I'n one enbodi ment, the anal gesi a- i nduci ng
conmpound i s aBofHfokEOWeiel8afdisteded sefmzttlslgrin rntse:itérmg/ﬁg 8b Gdiume pampleshe

| d d b h
acet ?isgzqea;‘cq‘i&ts&é@gg’g%‘sﬂh@? DRt Hoboss. aB R HR AP IN TR anol o
aci dpq | TrROB. PO RN L Ra uBder- Ad @Ve MEVE) RS t;vhlﬂ-t?&l Ne@Ristiflevak 5109

adm nr st I'n association wth a therapeutic agent, includi ng but not
limted twheans drtdbsameitdt Calgethe donbla mudant iwag 20.af alj‘@ﬁfepr%ﬁlﬂtf? gafter agents

i ncl ude, t. are no t dazol e,
vincristi mVFaﬁaé%éng t?ﬁﬁ’ \C;ll n@FasLﬁéj?éconﬁf% (zl-t\gnrv‘;r%1 S %@%‘?‘25@30 ude, but are
not |i m tsaehificant id6leaseDEeruddEpoduescar net, dapsone, netroni dazol e, " and
isoniazid. 3. Treatnment for Red ctiaon of Pain S ty In

anot her enbodiBaghthe Wikhtypgandigoy ]Ieé'g‘ftﬁﬁ%btj?'ﬁtérb‘fvf’rﬁé Odt 58&8@@&5/ erein (and
phar %Ce%hlgéiF fARTRES TV LARRiHIIR (15thPte ) AR)inialplAndiSdderitition oRthbod for
reducing t 0Ss of pain sensitivi fﬁé‘ﬂl n a subject affli ted th

neur opat hipublenugag veavioppioristately sifeo glwpédlwyomb) then fhat Pt ﬁé‘ﬂigo‘%ﬁ? hy. In
sone enbodi 0SS. gal pain
sensiti w‘i@%‘ﬂ@r%\gﬁ# smllnﬁ{? i fogngteﬁféc{rl%% Bt }ﬁa@ﬁ%‘%}tﬂkﬁgﬂg}ﬁtl c

t r eat mentjevdigwithiaphy ha@t(Fip. 1 e atherndata alggestltlaamhelﬂeulﬂb@mttatwnpnl ypeptide is

?g Ln CRI Zt gl{ljg]d éggn;@grrgmgrga%;%g&rg gxg%uge V c%)s atlfec% The? over%ﬁ' Mearanlde Itivity

30 rate.
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be a subject with an early stage neuropathy). The treatnment with a variant
Neubl asti n pol ypepti de under such circunstances would serve to treat

at-ri sk pavizessrespieventively. In therapeutic treatnent pCa/Usanisaed637

Neubl astin pol ypeptide is admnistered to a subject who has experienced

| oss of pain sensitivity as a result of affliction with a neuropathy (such
a subject would be expected to be a subject with a | ate stage neuropathy).
The treatnment with a variant Neubl astin pol ypepti de under such

ci rcunst ances woul d serve to rescue appropriate pain sensitivity in the
subj ect . 4. Treaktmeiptthef wih fhelSA otfserveiion bepamid-binding 2prsaisde he ey opat hi es

Prophyl actic treat.ne f.i.nfectious and vir | i i

cont enpl TEIEER f‘lﬂf‘}%ﬂ% Eé@ﬁfn&m?rfaglgfl’rpe? app %es}ﬂ\rﬁla‘% ?la g%%gﬁ ? eg%ﬂé e'tsoelch%i nation of
viral 1 niepidsen oAl daeliafien, asele a0ivhivBuliofable mutpati and vOldtypg treat ment, a
vari ant Neubl astin pol ypeptide is 1?ildm' ni stered to prevent appearance of
neur opatmplecydes aie cleatedds praxdnatplytthe $3%% ed to neuropat hic pai n associ at ed

with {eprosy,y é’@esgiﬂ%%t%eat wiRH NS s RREFed FonP ikl £1dn W tHe rhtnbetht i on by a
virus, particularly a virus selected fromthe g}rou consi sting. of a herpes

virus ( athd wildrtgpepandtdonbleanutynt fiyrms of dleplelgstinogere PE@EVRt Wilh 1 KDARYQ ead t o

post - her pet | ur al gi human o G Vdi {ithYhativ@nd a

Papi 11 orbi TRPAER Dilie Bemiaoy sERaaRE -k KRG b bt BT

pol ypept jygige k&idudsitRi B0-EDE tholedies gititiealljiabaled teiamnmtermisus ofachi ¢ pai n,
shoul d it appear., Sﬁnlptorrs ((I)f\ acu%q(?r@/i ral infE}%tti on oft%pditncl ude the
appear an@engneta 2%k, Pl Har Svish 9 HERgRen O™ BRHPIE, T he devel opnent
of de Sl ﬁ&ﬁ%@m@?&,% & Buti fse b keediedl MdaroleficinBalsid YriomdiFkhariabysis. common
conplication of a Rerp s zoster infection (shingles). Post&%rge%g

neural gi a can2X&¥ PEGrAwm4Roi9Erogblemprtant was dniprisd eifise Y (bwgdearr 3okt hs after
any rash-1|ike. tons__have i - : RN si O fr i iviv Di abetic
Neur opat W/@?Bﬁ%%%aclﬁssg Hrlg%ll ﬁ%ﬁtgpgﬁ{"ggflﬁ‘?&f" (lif%teu cSlneuro athy is

cont enpl adBRistBEEN K 10K PRG toubad memaht ahiestdihethaoratical Gpat of Ksusiol| d
commence after determ.natjon of the initial. di@gnosis, of di tes or

di abet es(dd§§@}tqs}a‘f"éta tﬁ%}??gf‘{@ ?%fi\%et% 1957 %%@f Sg(?a‘ el 'S(t)r%tzli I}1+f§&§ai n.

Pr ophy| aghisgiadaeRhBR Hhutdit dRabtiedd @Rgt bEANRIMD R4 Boursjeali@p comence
upon deternmning that a subject is at risk for devgl opi ng di Et es or

di abet es§&g0id)abade themvegieachepgiregfions igarparent rafep Fk%ﬁ?"%@{?ﬁe in

pol ypeptide s, adni pj i - BEmaidly (@MY oRpARi o pai n. In
an alter P%@I @o 5o |1%§§%%ggggﬁ§%%%%%gﬁg§@n pgl y}E)ept icde.gi s adm ni stered
t o reducgest andey &rritiegnont PR@ylatod at PEGylptid wildape InmeandNeubdagiinappear ed. 6.
Treatment of Nervous System Di sorders The variant Neubl astin pol ypepti des
di scl osed herein (and pharnmaceutical conpositions conprising sane) can be
usedopn tEREmblEIBt MBitessibn B £NEHH14HIA IRipafin MeidiotBusiys inaChidéss dfatesteri N a

subj ect (such as a human), by adm nistering to a subject in need thereof a
t her apeutQvery Cellsef f ect i ve anobunt of a variant Neubl astin pol ypepti de,
aconposi tion h ARG A%k RtBERkh dere Rbradanpl ex that
i ncl udes a stg‘gﬁ%&a%ﬂ&%ﬁ%g@{gpﬁgm o %%giat e(aj vari ant1 Nefjebl grsti n

pol ypept iGH0 cellgdmddhd ameurp of seateked sohblaporinywaumpasared by FLISAPREE The
nervous system di sorder can be a peripheral .n Nell der, such
as a per iTASBHG FOSEHEtE B3adi) thsre %R‘Pﬁgi?.@% 3{1?%%8d %2‘?5@ ﬂ%ﬁéﬁg‘%rﬂ&%ﬂﬁs are

pr ef ersr edisiaRioSith Hofhod SatalBédtide (SiyRdp) @nith dewhh@s b ntpaliygejrdiidéd s

useful for treating a _defect in a neuron,. inc) udtng without limtation

| esi oned Phsoidrgseig (ﬂﬂ%ﬁﬁ?ﬂquié‘ﬂmﬁféill%?m@ﬁidﬁﬁ W YRS RIBED hat experi ence

trauma i nel §1n,%'f&1t1)atfﬁgﬁ.g$48 49ENuBR hRant 64/ 8RinO hcidPemiyedul | @ or of the

spi nal cord. Varia astin polypeptides are useful in the treatnent of
neur odegener atThedoliwing s, theamino acilrsereabes of dhrelNpublastin fesien PratgHtge:

neuropat hL%g’ed & flese 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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peri pheral neuropathy, Alzheiner's disease, Huntington's disease,

Par ki nson' s di sease, anyotrophic |ateral sclerosis (ALS). Such vari ant
Neubl ast iwopodsypemti des can be used in the treatnent of PCEpBsRES®2968TOr Y,
e.g., nenory inpairnment associated with dementia. The follow ng are

exanpl es of the practice of the invention. They are not to be construed as
limting the scope of the invention in any way. Exanples Exanple 1: Design
and Synthesis of Variant Neubl astin Pol ypepti des Hunman Neubl astin was
crystallized and its structure revealed a triad of sulfate |ons |nteract| ng
with thesigml qudlgnd Naublmmmmhcas iy imdicaigd svithra earas €. Phoxmivpegids 8t each

ot her: Argl 4, g%(f 2148 arhﬁ Arg51. Based upon the presence of this
triad anRpstieas# 1 p5andyglifdhg to one another, it was postul ated that
this region ofi;NguRBaSEH ) ehat,g@ngllﬂ(glld@@lqagsahAAﬂARngﬁLRSQér\@\hd| ng

o1 Surzseustt '%@v&gﬁg&é'@%ﬁs RS Es LSS0 SR A SOOI * e

sul fag e &ki» RYBANEGD! Q%L%%%C@@EG%EQHENOQBN his region wthin

Neubl ast as potentia for e arin sulfate bindin e Neubl astin
crystallizati SlgPeiaNBI\h(Psrg% é%allwdgwlélﬂf&llﬁ@wmg%wg ARG EQIV Y esi dues

provi de e ions or
i thone SRATSAEEREDH ARG LI AR S HBL SRR L OR A A R Y A2 D) st
Ser 46, SeRPTRYFAVSAMDVNSIWRTVERLSATAGECLANSEQA W BO; 140 g 33, His 32, and
Val 94. In addition to the sulfat i ndin tes tfhlgncrystal
structure, NettBOsgslls wergtmansfeqied él"lﬁ]éjg?ml# %ﬁ?‘?k&%&a“@] gﬁ%areéo consensus
sequepce e djﬁ%ﬁﬁ)an@t:ulﬁﬁéd AURI-R1plaks. | AferNet @EINy S, welkitlat beghiaed was

|

unst r uct Ur e n the crystal structure but may becone_ardered,. upon binding

gl ycos an‘glwghglesi}sswerél' hensfaridde fiesh 96-well gulfuse B]@teéi gendippnedgnediun §as he t hr ee

sul fate cI rved in r tributes to the

hepari n- B’P ﬁ%yﬁg‘gttﬂgfeasuré ﬁ%ltln riéi;%:(g{rllblgtri\fee G]Elé{{ne 1(}1% Cgﬁlé:a%?ggl on of the

pr ot ei n) absbebanty &gk f@ahch plagniditeteddinead valed Whnuestalﬁdalrch Vpastoarss FEPT hepar i n
sul fat e- bi ndi ng_domaj n, three individual single am no acid residue

substi tuﬂ”?’@h‘é’aﬁl@fﬁ@t%de within the mature 113 am no aci d human Neubl astin

(SE RD NO 1)rranﬂ‘&%u@r{ QB@HO%enﬁaitﬂg@&nﬂ% ef@sdingothe Q@@&@(Eﬂo%le(maamtant naned
"Arg 2), position 49 (variant naned ' Ar |.D NO 3),

and posi trq:suhedsmh s@mﬁmﬁw inpaippser HW@BSEEUGH lgEeexippijos bie P’?Sﬁl@g‘ ¥&d by

gl utanat e thre RFRA A HlashABi SRbaMERALI UCt S wer e
pr epar ed)° ff(/ﬁcf)wbpﬁlétl?rﬂe %%On 1%?‘5 %acﬁlgéltﬁag t he re5|rg%e charge from one t hat
woul d at tWeL$WSﬁﬁ(EgIm)Dne that would repel, and to potentially stabilize

surrounding argin ere u e were r I ied fromE
coli inclusi or’{% ﬁ Wjé?fﬁ/eﬁ%gti Ctl%]a‘gﬁreﬁ%&be?%g?aﬁlﬁg%/g@ %%Jnt was

subj egt ethfBeﬁ,Qﬁlcmé Werk Quit@ed for tisbe doks undtotalntlR gdsurtt,yvlmmtypmlfutemwrhe
correct residue substitution. Al three tant%ée ggg‘l% Lééaft‘]’ Elﬁ

conpar abI@termlmﬁeThﬁ Fltfrﬁqfﬁ‘ée“ﬁl?ﬁﬁhe%‘iﬁﬁ?da@?mﬁhe 1) 49EforBigi ¢ and
Heparin Se howpakyeept i des were
subj ect ed" 10 fur?fﬁl gﬂlgg@?% g%lfoyn eiﬁﬂg&?gmg%%{r%%e@t he 3‘éﬁf%f ect each
mut at i on Niadlastin bdphma {FigilAdi ng. Heparin Sepharose and cationic

chr omat ogr aphy were both enpl oyed. Since wild-type human Neublastin is a
basic protein with an apparent pi of 11.3 1, Neublastin binds efficiently
to cafsi oni c-based resins. A singerdhniw@ieafn of arginine to glutamate

decreases the apparent pi, to 10.88. However,. this | r .pi..was not expected
to dramatical IWEH‘P t@rlnte&flP’é)h‘i‘scbeP‘ég?sﬁnB‘iddH|°H’§}“?|Y5’r°n\%g’mﬁf dgt%%ﬁt ed to alter

the el ut IE%g%rBﬁ]?)BIt e thk B6re ?@és@n&ﬁﬁﬂ@ﬁﬁ&d‘é@ td iMabtrdd addnedt Biditthé ype

control . e nutants ong he wi | d-type Neublastin control)
was subj esbpgofithe artiipom, thhnmdﬁm@bawcom”@f thepnpeaded @aims) OFEd ont o

][ gﬂ gwleg %gcfésf r&@?%%g%,?&hg %q%fﬁwg?ns R w1tﬁ1n%i: gcoge gpt’ﬂe :hﬁﬁ)vﬂﬁé Segisum chl ori de
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salt gradient starting at 150 nmM and ending with I M sodi um chl ori de.

Wl d-type Neublastin eluted at ~800 mM sodium chloride (Fig. 2A;, Peak D),
wher eas esoho@io2stse t hree nutants eluted within a salt Pamgs2@65/029637
approximately 500 mM thus reflecting their |Iower pi. Arg49E and Arg5 I E
(Fig. 2A; Peaks B and C) eluted with slightly higher salt than was required
to elute Arg48E (Fig. 2A;, Peak A) (520 mMMvs 490 mM respectively). This

di fference suggested that Arg48 is nore surface accessible and contri butes
more to cationic binding than that of the other two nmutations. To determi ne
whet her the Ay gAtftygeptiddbdsiprisiigianamitveatidseqeérice ot least 8A¥pdentivalipndi ng, each

of the three nmutants (along with | d- e .huma.g Neubleacsc;tngl Ny 3/\@5 subj ect ed
to HepardminGapfnkodts %ﬁﬁ@fﬁgpéﬂ?:ép‘%ﬁr?ﬁit  AT3E) SOBISRACRY ERd e Ut on

condi ti Ofgs UL G Kb bdiuildiOREtiS RASEQID ORI et ramateagogphy. However ,
the observed elution profile was significantly different fromthe cationic
resi n el eonsistingoefofi |l e. W1 d-type Neublastin eluted at approximately 720 niv
sodi chloride (.Fig...2B ). AR LE ALBE W poiti 4 G48E el ut ed
at 570 M (Fi"’é‘.a’éﬁ? 9%%351%@?‘%‘5&%&%?{&%@%; Boak F),é ahd 450 nM (Fig. 2B:
Peak E) spdiDm@hioride, respectively. Arg48E appeared to have a

particularly dramatic effect on . heparjn binding. Take . he hese

chr omat ogr aphaP 3mige peidothey, g’tj‘@@f %ﬂn‘?%&t‘e B%féthonrﬁfl’?r a9 0! nmget%: ?gsg{égehslgl\%ftj bl astin’

s appar eggodbfhidilt ¥yud Or heparin. Exanple 3: Anionic Chronmatography At

st andard p% condi fions of 6.5 and a sodi um chlori de concentratjon. of 150
MM Neubl ast i an ainiae asidtothsr fhentasgining aiihe PPEIGIHROTTeRPRARE P RAFIOH Ao i

sul f?éle gﬁaag%aq to anionic resins under these same conditions. Wen
Neublast S pré-mxed in a 1:1 nolar ratio with 16-kDa-heparin sulfate
and applied t@hasinahé poliypeptie, whenumenget Hendstoveonphedi ©ONBHENE Neubl ast i n
bound and_el ut ed ﬁ éE 600 nmM sodi um chloride (Fig. 3B, |anes marked "FT"),
suggest i @&Riah’ﬁﬁ Lstin was bindi ng the anionic matrix through its
interaction with heparin sulfate. In the absence of heparin, Neublastin did
not bind to the anionic resin (Fig. anes nmarked"FT" no Neubl astin

3A, | and
el uted with 600The nolsprntidectepin i dehergin ghe amuno poid SCAUSRGOLOMDUISES A 3BHRY
These.dat a i . i @ sbdition 58 HBHQ® Yy N®1bind to
hepatPn. a@@%@%&&%ﬁ#gg@é@ 69@%‘%@@?@%@% e g Stud! es Neubl astin
has been shown previously to bind non-specifically to the surface of

Chi nese Hanst er ar ) .cells. Neubl ast | 40 C =Pl ngh y was
est abl i shed tg' gg?/ B?I&P%gfﬁyEt‘ﬁﬁgelfl#%eearrg%bgor%%e aﬁ%é?lg%lg%% 51% zgst in
part, thiayghs Newihagtiih Sndli-celségative aghd ackdires@oe heparin sul fate

nol ecul es. Wl d-type human Neubl astin (40 ug) or the Arg48E nutant was
pre-mxed with CHO cells (106 cells) at a cell density which conpletely

bi nds,,bot h Neybhgst) hdrBinitRECAr8micesianaatpbsition 48.6f i@ Ihepar i n
sul fgtoe and i E’Ct}%gﬁjggpé@{@g%ia%?’%éﬁ%&t% Eol | owi ng i %cubati on, the cells
wer e pel IND@ds bpstmtedrwiftuglataimdmacadd remai ni ng non-bound Neubl astin in the
super nat ant was subjected to SDS/ PAGE anal ysis. After quantification of
each protein band by densitonetry, the resulting optical density value was
pl otted agai Nt THagohppRidevfenadnivhatindhe aminoactl ssquepbecqmises &) 2mifp t he

two | ower heparin concentrations, both the wld t. a tant

Neubl ast ia§id Sherghangiamsat themoHee CQ}TGSB?%]P&% W&éﬁ&ﬁ? ngEéﬁﬁtl}ﬁg‘l'

superpatant. However, as the heparin concentration increased to 0.5 ug/m

and hi'gher, nore wild-type Neublastin was identified in the %§p§%€ t ant

than that of téhelhamgly@rpids efifaimPhivhersintbe ouginipmresidysaRosiior hae @6{ in can

conpete wi th .cell .surface-boun | WAl e Neubl astin bindi ng
bwﬂé:}r@ S‘bl?suﬁlg%ia‘?ﬁﬁ a fignt cg sgx_%?ﬁ‘yé ﬂﬂgg %flﬁ‘résg&dép

(i.e., 0 W ype astin results inits

7. The polypeptide of claim 5, wherein the arginine residue at position 49 of SEQ ID
30 NO:1 is substituted with glutamic acid.
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removal fromthe cell surface), whereas heparin cannot as readily conpete
off the Arg48E nutant. At the highest heparin concentration (50 ug/m), the
Ar g48E mwenodiegmsm to el ute off the cell surface, suggesmiusgoodn2968ni c
interaction between heparin and the Arg48E nutant m ght be responsible for
this observation. Exanple 5: Heparin Binding of Wld Type Neubl astin and
Vari ant Neubl astin Pol ypeptides To further investigate the role of the
identified arginine triad as a heparin-binding site of Neublastin, a
heparin binding ELI SA was established. In brief, an . )

anti - Neubl ast g nmeagayspete afdlaibot ywhorsn theatrub and sequeB8-cpeipiisqs|ag N0

f ol | owed bg washi ng and the addition of one. of tuh%é\lletf%l]afeﬁﬂﬂd_pr ns.

Bi ot i ny| atidathseiban PrgipgatippOSHARSATERoRtas B RS m51 ' S ng an dddi ti onal
wash step, the Neubl astin/Heparin conplex was identified using a

Strepavi di n-HRP conjugate with a chem | um nescent substrate._Thi

hepar i nbi ndi n§. Eh¢ SAypwetideisbelainns.ceepein dogsiaing Fesidug ahaesiga 1) gjssﬁ%ﬂlls

am no_acid ( SEQ | j ) ! g ko acids 10-113 of SEQ ID
NO 1)5fomifsos%gﬁlt§ W%@%ﬂé’i’??ﬂ&ﬁ%&%%g%t#‘ e%gg{({)gr)lt aining a single anino
acid substitution (Arg48E, Arg49E, and Arg5l1E; SEQ ID NCS:2-4) as well as a

doubl e substitution (Arg48, 49E;, SEO I D NGO 5)... Bot h. wi | d-t f gr. of
Neubl astin bo&ﬂdTh"eﬁ‘)%b’ﬁ’%ﬁaﬁ’ ?%3%1‘??1 %Cgf?redli’ mgaigl?félf Fﬁsﬁ%leeﬁlé??sﬁltyo?ﬁ 1go.cf ng. Ar g49E
and Ar 9535 \j9yndsdnedtcdivitciieRidaciay t h an apparent EC50 of ~10ng/m, but
maxi mum bi ndi ng remai ned the sane (Fig. 5). O the three single point

mut ati ons, Arg48E had the nost dramatic effect on heparin binding, with an
appanent EC50 ,0f ¢ i it $ il dreiR BN 8HRG adild So BB JBRGLBAM hepar i n
bi nditlg val ue@h%%%%%%ﬁ‘g%“’f@ i £ hereif it o8 Neubi e@t_ informs (Fig 5).
The Ar g43mimiddiothashanhusinmeat fhepdsitonsfootrdsioadiag & pesitiaant8 4nd bi ndi ng
heparin as co r unnodi fied Neublastin fornms and ten fold |ess
effici entpo%onggﬁggl:eé?PW'ﬁe ot her single substitution nutants. Wen both
Arg48 and Arg49 were substituted with glutamate, heparin binding was al nost
elimnated, resulting in a seven-fold decrease jin maxi num hepard n bi ndi ng,
but the EC50 rl@ndhapelynsridr ot planydl.otherdin theiargme 5et %‘B%‘F’s‘w aFﬁgl%ee
resulits s 9B PL AR HH NAYP afel abitithited Kithmohebadelvatibt adinag due
to itlté5 ceag%gg’?&?%&ég%t?)%@? n t+1e put aH ve heparin-binding site. Exanple 6:

Ki nase Recghiesidusdcti vation Anal ysis of W d-Type Neubl astin and Heparin

Bi nding Mutants To determ ne whet her heparin-binding site nutations have an
ef fect on Neublastin receptor signaling in a cell-based bi oassay, mnutant
Neubl astin foryms Tak@egpuptide of BRinM1 L dtlypein Netbbiaitciresidverag pesitijreét &d tho

Ki nase Receptor Activation éKI R@é ar@)fsi S. aqqrjl.of th%béli ;€ éé.\rg-to-Gl u
subst i t utdrginereside a$ PasipemfSat $H@ M NQH areach substfes With gy PAT- Wi th
resp to KIRA activity, suggesting that these nmutants are structurally

simlar to the wild-type and are capabl e of activating the Neubl astin
receptorand signdlhiemglypetotedd a(lFb@C.lalﬁ)S.l-li’uWhﬁ@ﬂmé{nll‘ﬁwseﬂé?%e%gest

that heparin_hinding to Neubl ast.i.n tequired for receptor
activati gﬁ‘?“\%ﬁéﬂg‘?ﬁgdﬁf’aw% S&é%@%%IW?SEQ ID NO 5; 113 amino acid
form was subjected to KIRA analysis, its apparent EC50 was shifted to the
| eft by approximately one order of magnitude wi.th an.increase in.if.s

nmaxi num r ecept br H&HWPW}% 8H °£ﬂﬁ‘ﬁ%ﬁéi#\)(ﬁ’teﬁnf amuilodqct@Spe@% rff%ﬁén&t

Neubl asti b Qbnt{oRl 8 -amidd acid 191 BrdrSEQ IENA: p48, 49E doubl e mutant (SEQ
I D NG 7; %ﬁggr/ﬁlgon aci da%mor rra)mal so exhi biqt ed increased potency as conpared
to wild-type Neublastin (Fig. 7B). Each of the Arg48,51E and Arg49, 51E
doubl e nmut ants I A \ ChiiNehid sdehdn@nt o aci d
forms) appear ehb(‘;ﬁﬁﬂogfp%ﬁl) etﬁg‘géiﬁ‘ﬁgéf“ﬁ lglg’ﬁvehfg aglt(:%i n 1cont r(S)eT:'El wi th respect
to Kl RA aphitwistyidémticgl to@B)ino acids 15-113 of SEQ ID NO:1.
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Exampl e 7: Ternary Conpl ex Analysis WId-type human Neubl astin and each of
the heparin nmutants were subjected to ternary conplex analysis using two
sl i ghtly wof2b@vestsipr ot ocol s. The first protocol conbi nedTNsSedmsasdedN' S
receptor conponents (GFRal pha3 and RET) along with Neublastin in a pool
before addition to an ELI SA plate coated with capture anti body (Fig. 8).
The second protocol added these conponents sequentially to an ELISA plate
wi t h GFRal pha3 added first, followed by Neublastin, and then RET (Fig. 9).
When t he components were added together as a pool, maxi num bi ndi ng was
achi eved wi t hhat Bolhp@HaE canprishigABind aEids $5:g g2 of SQ IDAYD:2; wae axidaBPast i n
forns have the highest affini for thei eptor.. W g 1f|\§3€tp stin
appear ed! 1t3tﬁfbﬂ%ngﬁph3=ém§?9ﬁql¥r/l Sé?]f}l ?ﬁw {]%ﬁtbn‘gtamé?o %((#ésdlzﬁ g% mu g%t ,

wher eas Aﬁ%% -A3tIFISEEDNDER) or bir@4Bids49-1d861 SEQ Ib WOSubst i t ut ed
to glut aﬂr@?sé)a erroh%tr!(rgalfled t he weakest receptor binding. Wen the receptor
conponents were added sequentially, Arg48E showed the best receptor

bi ndi hg. Howeyer,u nes Ht i . 9}%1519 cobaat amBRKkdcidsbound t o
its r§e1cept or %Se'trjﬁheg)g)%épfwc%%qf%%%g?’ %Vg%g%‘r%%&élu ull g? ?ﬂgﬁt.he Arg5 | E nutant.
Ar g49E anot1vé bHSHQED ND) asing aciiad0-at3 of SEQ DN 3y amige a?lé&é%ﬂg% ot PRY was

m dway between the ohserv X 1d ni.ni { Nl .kpl.e nut ant
di d not H?M)zﬂrr?é]@}mPﬂg%@'ilg’n%ﬁgmg’raﬁw? E‘r%-{ﬁgefsuér11 a a%%-ggyg'g’t Nat Ar g48
plays a pihwRtldsneligsionsphiatosg Neubl astin's affinity for its receptor.
Exanpl e 8: Near and Far CD Analysis To further investigate the effects
of the double nutations on Neublastin's secondary and tertiary structure,
the Arg4s, 49Ego ST &t AR Bp AR tRAmibd/aED

anal ysi s. AIt%%ugﬁé}got}%ﬁjg@éd?%rrnené@gﬁgﬂgggg ecﬂtﬁed inpt he secondary and
tertiary sajuetietafiSEQ N NO:Z; diref aonine eéid meayeneeaf SESUBP NOidittbmimipascider y” ¢l ose

to that of the w ] d- _Neubl astin. : L hekigigAnal ysi s of
t he NeubPEEFPSY o‘ﬁé&%ﬁﬂé@&%gﬁngo REif ﬁﬁ%ﬁﬁéﬁ%ﬂsﬁ@@@ﬁé@ﬁﬁ%@%})gﬁ% poor

phar mac okiqiehdCst SHOKID WIS opdiFianiifié erié eduendeatf SEQEY M@ehously (1V) or
subcut aneously (SC), with an overall bioavailability of |ess than 1%

Hepari n- based cl earance nay be one of the reasons for this | ow

bi oayai | abi i by. AT | PakdontiRecety@heaf anes perivi ci pat es
in hésran Neub?g's |cﬁmgle£rogﬁpqﬁéﬂglt§/g?’gtr}§gpt?§om t heﬁ)g?at : yt he Arg48, 49E doubl e
mutant (along with the wild-type control) was subjected to PK anal ysis.
Both forms wer dm ni st ered .separ at J : :

sanpl es were 8«‘31 ?’eﬁ%’@atgtcgwp‘ﬁnglg gr}e%f%h%ﬂﬂrl(,% (E:%h% Pg%lg%n San?tl 051% c?id%lljl F ?,%&gﬁr?d

anal yzed to@mahNesll @sturing pbiyther.10) . The observed area under the curve (AUC)
for wild-type Neublastin was ~109 whereas the-observed AUC for the doubl e
mut ant was 20, 145. This represented a 185- fold increase in AUC for the
doublyg mut ant 560 TRRR Rrdifin Whifiidik he VoL dThnpoglsingi Igni biandat i ner ease
in serum exposure. Both the wild type and doubl e nutant Neubl astin were

al so subjlettredgdus aRiknaarad seghenctol | owi ng 1V administration (1 ng/kg). The
initial plasma concentration of the double nutant was approximately

si x-fold higher (dianonds) than that of the wild-type control (squares) at
five mnutes fx3l | 0phdi@adaniies compoditiin auiprising thpprlpeptdeofvnydfciapes | evel s

i t hi h Fig, 11), These.d t _that th ble, pitation i
Newbl st 14 18, he et DREREALD e S8 tRR S AT 2 B ot P Pl Pian” 17

over a4 Cdﬁﬁmwﬁéa@l%c&%%m[b daA9soRekcipkith the SC observati on,
heparin-bi'ndi ng appears to be especially relevant follow ng SC

adm ni stration, perhaps resulting in a depot-like effect. Once Neubl astin

enters circul ai4| o0 huélgi? aéiéthmEltiSiHQii géhugﬂl% tﬁ&tlét%&ﬁewfe%bp@ﬂﬂievﬁf'aﬂy by pe

claims 1 to 19.

30 25. An expression vector comprising the nucleic acid of claim 24.
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nol ecul es are cleared is approximately the sane. To address the rate at

whi ch Neublastin is cleared fromcirculation in the rat, both the wild type
and doublwormacans7sior ns of Neubl astin were PEGyl at ed w POTAG260B@2468G uSi ng
SPA- based coupling chem stry. Since Neublastin is a hono-dinmer with no
native |lysine residues, the 10-kDa noieties specifically | abeled the am no
term nus of each nononmer. 2X1OK PEGyl at ed hunman doubl e mutant neubl astin
was purified to honobgeneity, and subjected to structural and bi ol ogi cal

anal ysis prior to PK anal ysis. 2X10K PEG Arg48, 49E doubl e nutant was
injected eithgt AN compMBingdhe expréSGof Yeary dglaim®So rats and serum col | ect ed
at various tine points for analysis. Followng IV adm nistration, 2X10K PEG
doubl e mutant achi eved the theoretical Crax of 10 ug/m (dianonds) with
typi cal al ph I\@eptidd) the Bietidsindonipsisingt | on of the PEGy| at ed
doubl e mut an?@ggmnﬁg}{oragfggﬁggé(prgxﬁo 4%) ng/ m at ZFT r?gurs injection (Fig.
12). Once t heprdvidipgrieaesed cimetl andi on, the apparent rate of clearance
paral] el ed that, of RV ' jLalhi Lt ' RebleiClcidras

appr (id mat el y° tﬁs}él‘%{ r%’gﬁglgdetr ?brﬁcgt\s{@sttﬂ%hgi%}g ?’girestgﬁg%ﬁgﬁ- PEGy| at ed or

PEGyl ated w | d type human Neubl astin. Exanple 10: Expression of a

Neubl astin Heparin-Bi nding Mutant in.Chi nese Hanst et Rlasm d
constructs entodtmFAY Y %’@(}irli’ﬁevﬁﬁtf%atn%%lsgi??lgllsv?e%/egﬁr}e/ygglg@é’ h?n

cel I's ang {18 .aMPHELe MmBRE:RE 8sihe dhdtha athatpiutcalbselfetsemmaeinyf el SA. The
pl asm d constructs usSed in these experinents encoded a fusion protein

cont ai ni plprmheeuticatwamgesihofitdriieie si gnal peptide (SigPep) (with or

wi thout an intron included in the plasmd) fused to (i) the carboxy

ter al 104 am no acids of wild type human Neubl astin, or (ii) .the

Ar g48, 49E doubd.eAmutao of(ti6rngmedurmpathis phif oy aipamTiab theompBaf AYMBEENE he ani no
aci d sequences of the Neublastin fusi.on pr I i . experinents.
The NeubPEREIHSETEE R tiFsRIplA tﬁ’ﬁraﬂ 18?1%0%@658%%%@.&#%]2%3 ﬁ%@g?@ﬁ hor mone
si gnal pg&hﬁ@%im%ﬁqg_ are in | ower case type. The junction of thesignal
pepti de and Neubl astin sequences is indicated with a carat (L) . The am no
acids at positions 48 and 49 are underlined. SigPep-NBN (wild type):

mat gsct sl || af ghl gl REGRE Vi 1, the method isin
RAL é&RS%LV%@R&‘(@&%%@%@?SLASL?@% CRPPPGSRPVSCPC 0 COmPTTES
CRPTRYEAVGEVNMSEARTMORIBATIAOGE G SE®Unbofkhe pelypeptigegbapy afmlpimaldad?4oE) :

et a7 = Sl 2l 30 SOsMGATERSELYS ppamalim 2o

CCRPTRYEANSEMOMMS IR IoRLESAS AL 13.( SEQ | D NO 14). CHO cell's were
transfected with plasm ds encodi ng each of the foregoing formnms of

Neubl astin and cultured in 384-well plates. After several weeks, wells that
cont gjned growyn HOEL SRS aiti86adi@ sduesde 0 feaviedohs idutioal ® pl at es.
Cond?Pi oned ne i%meﬁéna{y ec? by ELISA to _nqélasure the titer of soluble
Neubl ast iamindmedcifviil aefi SES HhNEY: bavheeein theertine a@d sHIUSIBRPHTESA ed (mean

value with one st.andard .deyi.ati . .$) Transfection

of CHO cefastong atnwn%l"l%fgﬁ’ilbcfg&{l Reot @Hg%"ﬁéeﬁ(%;%??z’gsﬁwgﬁﬂb ﬁ%{%gorﬁp resul ted in

a signi figadttns dfncr eased nunber of cell |ines exhibiting high expression

| evel s of reconbi nant _gr tein, as conpared to cell -trtang;-ggﬁ@lo ith

pl asni ds encodigupg A P\?‘E‘éthf\‘é%’lnﬁﬂﬁ PP COrSFPOniRe IP BRA g cel | 1i nes

fromz%acfsféqﬂg%f@qti on were further expanded. Fixed nunbers of cells were
dTtor t

culture ree’ days and total cell count, viability, and.titer were
det er mi ned. The anineagd ofhenbanBamine ahthe pesiiian OFEIRNABE IR Arfas, 49E

doubl e [ lines were roughly five-fold greater than those of a
| eadi ng%ﬁ@mmzl; i J . N
an amino acid other than histidine at the position corresponding to position 32 of

SEQ ID NO:1;

30 an amino acid other than arginine at the position corresponding to position 33 of

SEQ ID NO:1;
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Neubl astin cell line (Fig. 14). Oher Enbodi nents Wile the invention has
been described in conjunction with the detail ed description thereof, the

f or egoi ngwoesavazptsion is intended to illustrate and not PCirniskooshesesTope of
the invention, which is defined by the scope of the appended clains. O her
aspects, advantages, and nodifications are within the scope of the
followng clains. What is clainmed is:1. A polypeptide conprising an am no
acid sequence at |east 80%identical to am no acids 15-113 of SEQ I D NO 1,
wherein the am no acid sequence conprises at |east one anino acid

subst i t ut i on,anraakiad hoie other BERQalgRiNGitthe switantcedespoodng hepesiton3d¥nsi st i ng
of: an amno acid other than arginine at the position corresponding to
positi orSE@IBNGED | D NO 1; an amino acid other than arginine at the

posi tion corrgspanehag oftR: Bas kikmnt 43 pokitiSEertdpdidinglto pasitioans afii no aci d
ot her than arginine at the position corresponding to position 51 of SEQ ID
NO 1, whlEQdeDPMN®He pol ypeptide, when dinerized, binds to a conpl ex

cont ai ni ng GFRal pha3 . . td b Bosliondresfei n t he
am ngg acid seﬂha 1¢8 a%lg%eﬁg%;g a%m%%?cﬁc@@é%i Oc%oﬁﬁ&{nﬂ%%@%?%i nine at the
posi ti onSEQMDa$Pandi ng to position 48 of SEQ ID NO 1. 3. The pol ypeptide
of claim?2, wherein the arqginine.resi.due at position 4 £ 1D NO1is
substituted wit#HNROA6H.ohH e B C?W@%%WS%QE?W?SQCS’?&SHL%%p%éltﬁﬁgzggl ypept i de
of cl ai mygg whepain the arginine residue at position 48 of SEQID NO1 is
substituted with glutamc acid. 5. The pol ypeptide of claim 17 erein the
am no aci d seguanine aeidrmshar s sgiinetithiposttion carAPPIUAG I RSN Retat t he
posi tjion r ngding to position 49 of SEQID NO 1. 6. The pol ypeptide
of cﬁ(léi msg,a I\f/?he%@gll’gh he arginine residue at position 49 of SEOID NO1 is
substitut ed wai immonoit-ative slemwatinea thepositicacotresnesiligg éo positt ol ypepti de
of cl ai mg lﬁnﬁﬁei n the arginine residue at position 49 of SEQID NGO 1 is
subst i t ubER ']gl utam c acid. 8. The polypeptide of claiml, wherein the
am no aci d sequeRGEHhSs BERPHES, Wiknahinehzedcbiddobhsmontpharcoatagiing ne at t he
position corresponding to position 51 of SEQID NGO 1. 9. The pol ypepti de
of clai m(ﬂRaWhégéﬂthE%e arginine residue at position 51 of SEQIDNO 1 is
subs}lgtut ed with a non-conservative am no acid residue. 10. The pol ypeptide
of cfaim8, wherein the arginine residue at position 51 of SEQID NO1 is
substituted wB2hThe pelapeptidecf daimil, wheeiptheppann acibsegpence 4 #hleast Yier ei n t he

am no aci. equence conpr,i ! hds ot her than arginine at the
posi ti oné‘geélg?aﬂg%%ﬂlﬁiaﬁgfgtlgﬁggg?@gﬁl)ﬁbghd position 49 of SEQ ID NO 1. 12.

The pol ypeptide of claim 11, wherein the arginine residue at position 48

dth ini i de at iti 9 of .SEQ.ID NO 1 bst jiuted with
on- conser vt Bae THRPHOPSRIA0T el b eI AR BTG PE o BV ieLL,

wher gjyn the argi 'ﬂﬁ)a{gﬁilgq%%tfsggﬁﬁ Won .48 and the arginine reside at
posi ?Pong%ng?g%%% I DCNQ 1 are each substituted with glutam c acid. 14. The

pol ypeptide of any of clainms 1-13, wherein the am no acid sequence is at

l'east 90% i de t4i l 8{9@8?1’?‘;‘1%@ %%{fg?l,\}ﬂ{ Tkt t}%faﬁ%ﬁ@aéiﬁ)s%g& gig-g’t-leéglﬂ%%.

pol ypepti de of 'a © &reln the am no sequence is at
| east 95%ddniestttb amlind axidnisnd 3aciSHY ITbNO: 13 of SEQ I D NO 1.

25 35. 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;
30 an amino acid other than arginine at the position corresponding to position 9 of

SEQ ID NO:1; and
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16. The pol ypeptide of any of clains 1-13, wherein the am no acid sequence
is at least 98%identical to am no acids 15-113 of SEQ ID NO 1.17. A

pol ypept iwe 20@m2878si ng ami no acids 15-1 13 of SEQ | D NOr2T/tmpeosn2®e? ds 15-
113 of SEQ IDNC 3, amino acids 15-113 of SEQ ID NO 4, am no acids 15-113 of
SEQ ID NO. 5, amno acids 15-113 of SEQ ID NGO 8, or am no acids 15-113 of
SEQ ID NG 9. 18. The pol ypeptide of claim 17, wherein the pol ypeptide
conprises am no acids 10-113 of SEQ ID NO 2, ami no acids 10-113 of SEQ ID
NO 3, amino acids 10-113 of SEQ ID NO. 4, amno acids 10-113 of SEQ ID NQO 5,
ami no aci ds 19r shido @bid SERr tHan Ngifine arthapositionamidspobfing 1@ pesiti®Ed ¢fD NO 9.

19. The pol ypeptide of claim 17, wherein the pol ypeptide conprises the

am no ac EQSVBdI%aHee of SEQ ID NO 2, the ami no acid sequence of SEQ ID NO. 3,
the amno aci Qh&@ﬂ%ﬁ@g&aﬁé ti§EQ«HeQdm&ed,tmﬁisaah@@nﬁrdxdoﬁﬁwce of SEQ ID
NGO 5, the am no aci e é)nce of SEQ ID NO 8, or the am no acid sequence of
SEQ | D NGFBalphad andl Eher conpri sing two pol ypepti des according to any one
of cIm{;\i nme 1 to 19. 21. A conjugate conprising the polypeptide of any of

cl ai 1 to 19 conjugated to a non-naturally occurring polyner. 22. A

f usi on pr ot ei B6.cOMPpilgpepdds biclgiol Ispepticthetheo bmimeyacsf seqieicergOMPREs 39 and a

het er ol ogous am no acid sequence. 23. A pharnmaceuti cal I+ 6A.
conpri si AgmoREIdRIPsrIBH arrg’é‘%'tﬁ‘fat gﬁfoﬁflm&f:%f? ° IQ%tOfQ,SI%P ]Illg%glg %@rﬂjolfqaé:]]'ai m 20,
the conjugate of claim?2l, or the fusion protein of claim22 and a

pharmaceutical |y acceptable carrier or excipient. 24 A nugcleic id
conpri sing a 3éqlibepeyrdpside efaimeio, PhercHbing seprngEsipe E-RPSHPHJ%%%Q 1to
19. 25. RLESS or  COMRLisiiRE i NuElBideeaci d of claim24.26. A
cel | %Qonﬁﬁi@'ﬁés %lﬁ’é@@&e\é&g&hs{l{%oﬁf %%ét or ofa él al m 25. %7. A et hod of nmaking a
pol ypeptide, the nmethod conprising: providing the cell of claim?26, and
culturing the_ce under condi.tio that perm:.1. ion. cleic
acid. 28. A r’régh{ﬂie Bﬁgly?‘?p Pﬂ%}a%‘} ?%rwé\?'éerlll% ﬁﬁﬁr%ﬁlﬁg?e\%d&g%{s Jsg%tfebf%tﬁgsor er in a
mamal ,  theydBtb athsGRRAN S fotagtiadid.stering to the mammal a therapeutically
effective anount of the pharmaceutical conposition of claim23. 29. A

nmet hod of treating neuropathic pain in a mammal, the nmethod conprising

adm ni;st ering ;50 IR of clhiAe 5 ARG Mol rifid S8 bdawencRramptisefant he
phar :}rgceuti ca|3b'c3?‘r€§21| |on|68 cc?lg?rh 23. 130.e A et hod qof activating the RET

recept or antindadidintiit that hezinied 4 die positoniceiregponding ta s fPHFEQ R Nhmal  an
ef fective anount of the pol ypeptide of any of clains 1 to 19, the diner of
claim 20, the conjugate of claim?2l, the fusion protein of claim?22, or the
phar maceut i calsoc Qmp@siybesiile@f clalnd B vaRreil the abgipive ypsidiciatipositommpt 0534 an

am no aci d sequence at |east 80%identical. to.gmnp acids 15-1 13 of SEQ ID
NO 1, wHEYNO; lﬁﬁ%bsaﬁ%t%wﬁbﬁﬁo%'éﬁfﬁéw&févec%%?ia%lg§esé(fuel east one anino acid
substj'ot ution, relative to SEQID NO 1, selected fromthe group consisting
of : an am no acid other than serine at the position correspondj ng 154‘5
position 20 of41SHQelpblyNeptide;of ghim AP rivhasein therrpamerrphdiedt 0PERIHe 5 ER he
position r.responding to.pnositi.on .2 1 of SEQID NO 1, an am no acid ot her
t han hi stI&&Nhelsgtsgﬁ%&%%g’ftﬁigﬁlﬁm%%ra?lé'spondi ng to position 32 of SEQ I D NG

1; an am no acid other than arginine at the position corresponding to

position 33 Qf42. The polypeptide of claim 35, wherein the amino acid sequence comprises an

25  amino acid other than arginine at the position corresponding to position 14 of SEQ ID NO:1.

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

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

30 44. The polypeptide of claim 42, wherein the arginine residue at position 14 of SEQ
ID NO:1 is substituted with glutamic acid.
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SEQ ID NO!;an am no acid other than arginine at the position correspondi ng
to position 39 of SEQID NO 1; an amno acid other than serine at the
positi on worn@spstsdi ng to position 46 of SEQ ID NGO 1; a&0TArs2e05/02631 ot her
than arginine at the position corresponding to position 68 of SEQ ID NO 1;
an amino acid other than glycine at the position corresponding to position
72 of SEQID NO 1; an am no acid other than serine at the position
corresponding to position 73 of SEQID NO 1; and an am no acid other than
val ine at the position corresponding to position 94 of SEQ ID NO 1,
wherein the pol ypeptide, when dinerized, binds to a conpl ex containing
GFRal pha3 and RET. 32. The pol ypepti de OrfI cl.ai m 31, wher e%n theeq%ltno acid
sequence is af5. | Bggrolgnpbiduehany ohrlaes nth Shgtayhe pRUG0 aP1¢,5edBEnse 15 NG 1.
33. The L i@ty Wherein the am no acid sequence is at

| east 95&9%t§g%{{?%rgﬁa%%ﬂr§no SEids 15-113 of SEQ ID NO. 1. 34. The

pol ypeptide of claim31l, wherein the am no acid sequence is at |east 98%

compr bsi ng. an®r PRI S S St ety gy PR KRR R

wher ei n 1dag 939 entai & SEQURMN®ICcoNpri ses at | east one amino acid
substitution, relative to SEQID NO 1, selected fromthe group consisting
of : an am no acid other than arginine at the position corresponding to
position 7 of 485 Rl stike oPihydFicRANaLI-al4,Gieesin teanias géidsamende it he
position corresponding to position 9 of SEQ E ) NO 1; andan am no acid

ot her t hasast0836 wieniécahto arhimo peids 15-6h3 elPFQRIFMeilng to position 14 of SEQ E)
NO ét) wherein the pol ypeptide, when dinerized, binds to a conpl ex

containi ng GFRal pha3 and RET. 36. The pol ypeptide of claim35, wherein the
ami no acid seqgencimencqnprishss &0 ralyipaptides hebovdihgto anyame af geimsnd tat7t he
position corresponding to position 7 of SEQID NO 1. 37. The pol ypeptide
of claim 36, wherein the arginine residue at position 7 of SEQID NG 1 is
substituted wgph ; VR S oRyPepideasTiady beslaiiuse3 | 3817 cohjaggied topept i de
of claim 36, \j\;g'eégcio% t.afé@g?%i ni %eﬁéﬁ)esi dg? at p}c’)si tion 7 of SEQIDNO 1 is
subst i t utned-nafurdilygicoesimeoly@ied. 39. The pol ypeptide of claim 35, wherein

t he i no acid sequence conprises an am no acid other than arginine at the
posi tion corresponding to position 9 of SEQ ID NO 1. 40. The_pol ypeptide
of claim 39, wherefusiohpeoteingomprising teipdlppeptidepdany phelaimsctl ISEDIREANO, 1 i s
substituted with a non-c&)nservative am no acid residue. 4 1. The

pol ypepti@@r%{‘f’g%‘ls&m%@ﬁl P the arginine residue at position 9 of SEQ
IDNO 1 is substituted with glutam c acid. 42. The pol ypeptide of claim
35, wherein the am no acid sequence conprjses an .amnq acid ot her n

argi ni ne at tHd. popharmaeeugierl ceaipeiiRP B Hgdhe P‘HW?&%?E@@%FEH&@% P% 43.
The YPePLide | | b Bl T8sib e Hiotie oBdlaiRPS0 dridan 14 of
SEQ | Nﬁ@eﬁ@mgi%@kﬁgéﬁe&%ﬁéﬁé ﬁ%ﬂgﬁgloﬁ%g?\f}igt ive 1gllrri no acid residue. 44.
The pol ypshatrhateuiddallylaadaptabR; cawdiroeexeipitid. ar gi ni ne resi due at position 14 of
SEQ

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

claims 31 to 47.

25
53. An expression vector comprising the nucleic acid of claim 52.
54. A cell comprising the expression vector of claim 53.

30 55. A method of making a polypeptide, the method comprising:

providing the cell of claim 54, and
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IDNO 1 is substituted with glutam c acid.45. The pol ypepti de of any of
clains 35-44, wherein the am no acid sequence is at |east 90% identical to
SEQ | D NQw0.200600237Bne pol ypepti de of any of clai ns 35- 44 pCriuse@isn24d®e am no
acid sequence is at least 95%identical to SEQID NOI. 47. The pol ypeptide
of any of clains 35-44, wherein the am no acid sequence is at |east 98%
identical to amno acids 15-113 of SEQ ID NO 1. 48. A dinmer conprising two
pol ypepti des according to any one of clainms 31 to 47. 49. A conjugate
conprising the polypeptide of any of clains 31 to 47 conjugated to a

non- nat ur al | YouRGGHE fhe 61l RAdey BBiditidS thabpérusii expressiob of theawplpiciasidng t he

pol ypeptide of any of clainms 31 to 47 and a heterol ogous amno acid
sequence. 51. A pharmaceutical conposition conprising the pol ypeptide of
any of clai msg3ly hféﬂf&)ﬁ’offttﬂ%a@cirfg Jfg;[‘evglfltirfgl A AB sydthe deoRjer gpd maminatltied m 49,

or the fusion protein of clarm50 and a pharnaceutj call acggﬁiqg%e carrier
or exci pinethbd c&Rpristagadrhipisteriagiteithe @mmmaéiaﬁberap%aﬂbfrﬁi“@%{mm BHeE t he
pol ypeptide of any of claims. 3.1 40 47. 53. An expression vector conprising
t he nﬁcl%l?agna%‘sluﬁc%loo@?%ﬁ@?%%f.éf%éslA cel | conprising the expression vector
of claimb53. 55. A nethod of making a pol ypeptide, the method conpri sing:
providing the cell of claim54, andculturing the | | _under ndi fions that
permt expr es%?-d%nﬁhqdﬁéft’i‘?ﬁ%‘i‘ge’?e(’:m%ﬁ’& pagpin ﬁ%‘“ﬁ@?‘ﬁ‘ﬁ ore ?%%?‘ﬁ??‘gs%

prevent i 0, 3isReiY e theSNALAM Hh&@pAtaliyefcivambunt bhthe phiodeuwtioalpr i si ng
admnistering to the manmmal a therapeutically effective anbunt of the

phar macectrnpesitioneipbsntSiilon of claim51. 57. A nethod of treating
neﬁgiﬁathic pain in a mammal, the nmethod conprising adm nistering to the

ma a therapeutically effective anmount of the pharnmaceutical conposition
of claimb51l. 58. AdngtRéchaithctifatmgitheRET mgeptheinREMamaek pheonethed eompifRe | t he

nmet hod conpri sing adm nistering.to the | an I . t he
Pol ypept FUBTENerRS O TBRAT AR TE RS SR PP P kel e IR L
conj ugat @7 Qe Gind BF di8im 4864 sl atedTlaih 39pthe Gksiirprbidin alicldiines0, or the

phar maceutical conposition of claimb51.
pharmaceutical composition of claim 51.
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