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BACKGROUND OF THE INVENTION

20 The present invention relates to therapeutic CNTF-related
polypeptides useful for the treatment of neurological or other
diseases or disorders. _

Ciliary neurotrophic factor (CNTF) is a protein that is required
for the survival of embryobnic chick ciliary ganglion neurons in vitro

25 (Manthorpe et al.,1980, J. Neurochem. 34_:69-75). The ciliary
ganglion. is. anatomically located within the orbital cavity, lying
between the lateral fectus and the sheath of the optic nerve; it
receives parasympathetic nerve fibers from the oculomoto;' nerve
which innervates the ciliary muscle and sphincter pupiliae.

30 Over the past decade, a number of biological effects have been
ascribed to CNTF in addition to its ability to s‘ubport the survival of
ciliary ganglion neurons. CNTF is believed to induce the '
ditfferentiation of bipotential glial progénitor cells in the périnatal
rat optic nerve and brain (Hughes et al., 1988, Nature 335:70-73).



Furthernore, it has been observed to pronote the survival of enbryonic
chi ck dorsal root ganglion sensory neurons (Skaper and Varon, 1986, Brain
Res. 389: 39- 485901('28'3dditi0n, CNTF supports the survival amET/US00/20432
differentiation of notor neurons, hippocanpal neurons 5 and presynpathetic
spinal cord neurons [Sendtner, et al., 1990, Nature 345: 440-441; Ip, et
at. 1991, J. Neurosci. 11:3124-3134; Blottner, et al. 1989, Neurosci.

Lett. 10-5. 316r3ARermbte,NAShad HheBBsERRH 16 NstordtBetheasLARval ofkel et al
muscle plays a critical role in the nmai ntenance of nuscle structure and 10

function. Skel emfiryomiscthickadorsakmogthganglien esarisery onéuroas t (Sikgper cind

positive CNTF actions. Specifically, CNTE prevents both_the
dener vat i on- i nMBF¥Y &95@p5§ai(‘d@6§e§§&3@%§ welyieddiian, ¥ Fogvppeity dhe

sectional area L gk t 2 an e f Wi t i
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26_:493-504 'ﬁnélgkbl‘és%ﬂfﬁtheﬁ‘é‘ h&NGordengeron® Bendtidt, adyer $996f f ect
that is manifested as"a retardation of weight gain. This adverse effect
has al so been Naturev845: M40-daic &b, et iahl $99i 1 H. NewenSel. figh:3t124-81 84 nent of
ALS. Therefore,_ simultaneous neasur enent ieOf nmuscl e wei ght and ani nal body

wei ght fol | ow .ﬁ!f“"ﬁf» Rindk y‘bqa%nNSHmﬁ?'-b ths 164 ure of efficacy and
adverse reaction, ﬁ%ﬁfﬁ%h%?&%’%ﬂe'%owmé'lsf"rfﬁé}vté\{i ﬁtgpg%el}gggn]n{ (&‘\gF or

ot her conpounds. The r potency val ues obtal ne ese

neasurenents i glajef anedtied rdle inheiéRfAtinténanes>of( Muscle lbt@ssehdere as
TD25/ ED50, so that the hi gher the value of T.1., the 25 safer the conpound

at a ther dddut functiope. ahasusiernas beed ahawsyracesdlyzied benatacget iofl
Neur osci . 577 B0BVaCEHHn acHANEn SPRNICENA CRLDF: RiavPBls RBIN fe2a1 04316, 2
denervation-induced atrophy (decreased wet weight and myofiber
cross sectional area) of skeletal muscie and the reduced twitch and
tetanic tensions of denervated skeletal muscle. Helgren et al., 1994,
15 Cell 76:493-504. In this model, human CNTF also produces an
adverse effect that is manifested as a retardation of weight gain.
This adverse effect has aiso been observed in clinical trials with
rHCNTF for the treatment of ALS. Therefore, simultaneous
measurements of muscle weight and animal body weight following
20 denervation could be used as a measure of efficacy and adverse
reaction, respectively, in response to treatment with rHCNTF or
other compounds. The ratio of the potency values obtained from
these measurements is defined as the therapeutic index (T.1.),
expressed here as TD,s/EDg,, s0 that the higher the value of T.l., the

25 safer the compound at a therapeutic dose.
CNTF has been cloned and synthesized in bacterial expression
systems, as described by Masiakowski, et al.,, 1991, J. Neurosci.
57:1003-1012 and in International Publication No. WO 91/04316,



WO 01/12810 PCT/ US00/ 20432 published on April 4, 1991, which are

I ncor porate Eﬁuﬁnerence in their entirety herein. The receptor for CNTF
(ternmed " § as been cloned, sequenced and express®ETUSMRBZVi s, at
al ., 1991 Science 253:59-63]. 5 CNTF and the henopoietic factor known as

| eukem a inhibitory factor (LIF) act on neuronal cells via a shared
signaling pathway that involves the IL-6 signal transduci ng conponent
gpl30 as wel |putdished sere onptil #3-1@9tpombich dlenincoapotdteR® by ;refereacdiimgl y, the
CNTF/ CNTF %ept or conplex can initiate signal transduction in LIF
responsi ve ld e eptirgly dyakein.cel | s which carry the gpl130 and LIFRI

t I 12 ddi t to h
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share abogt &Qx%rseaﬁerm@ héﬁﬂidd:éftnc \Haétor KW B |8eemiaBMNIbtos, PactBp and
rat reconbi nant proteins have been expressed at exceptionally high |evels

(up to 70% of(Ldl)t act opr newiomal EﬂﬁilSpwal ajshared signaling rpajbwayt thatDespite

their structyral, and fupnctional simlarjt reconbj 20 hupan and rat
ONTF aiffor ihvauentae {Les,Sona! Tansarlael5PERONSR GANAY, B8t WEN R nant

ciliary neur oeond: Bfbripdent o P LIER' B FULHRMY, HE CARTICKRR 7 2

h CNTF )
Fﬂmaﬂer ra'E I\%\ﬁ"@iﬂas a %‘ r??ghé?'ﬁg%llsh tyl\? %mhnuﬁénﬂgﬁ? ‘?é'i%'g?or t han

does humin CéEffis, of atHepicels nghidhf éarrgrthe gpi3thandhLFRBI campoweeitsefipof
human and rat CNTF which are identical in size, is their different

mobi ity on eiDA.debg, Cell §9dil ikdrenB8R).i n behavi or suggests the presence of
an In addition to human CNTF, the corresponding rat (Stockli et
al., 1989, Nature 342:920-923), and rabbit (Lin et al., 1989, J. Biol.
Chem 265.8942- 8947) genes have been cloned and found to encode a
15 proteln of 200 amino acids, which share about 80% sequence identity
with the human gene. Both the human and rat recombinant proteins
have been expressed at exceptionally high levels (up to 70% of total
protein) and purified to near homogeneity.
Despite their structural and functional similarity, recombinant
20 human and rat CNTF differ in several respects. The biological
activity of recombinant rat CNTF in supporting survival and neurite
outgrowth from embryonic chick ciliary neurons in culture is four
times better than that of recombinant human CNTF [Masiakowski et
al., 1991, J. Neurochem. 57:1003-1012]. Further, rat CNTF has a
25 higher affinity for the human CNTF receptfor than does human CNTF.
A surprising différence in the physical properties of human and
rat CNTF, which are identical in size, is their different mobility on
SDS gels. This difference in be'h"a'\)ior suggests the presence of an



3 WO 01/12810 PCT/ US00/ 20432 unusual structural feature in one of the two
nol ecul es that persists even in the denatured state (Masiakowski et al.,
1991, J. hburgﬁﬁ@ﬁ?m°57:1003-1012). Mit agenesi s by genetic @ogiusemziusrg has
been used extensively 5 in order to elucidate the structural organization
of functional domains of reconbinant proteins. Several different
approaches have been described in the literature for carrying out deletion

bstituti LS t | &L
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and -honol og- sceven gy thut dgeatared stalen(agiakowski at .al.,, 1989, J.Sbieemoehem.

243:1330- 1336] . These approaches hel ped identify the receptor binding
domai ns of gr o2 H MB31#dH2)and create hybrid proteins with altered binding

properties to their,,cognate.receptors. To.better understand fhe, physical,
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reconbi nant prdomais obaechhtbinknt\pkoteits., Sevatal , difféfdnt approdchiesc have,

57:1003-1012). Applicant has found that the nature of 20 the am no acid at
position 63 cobeen gleseribede imdhecliteratuies fafi earnging BukedeleNor ©br sCNTFRa

Chem , 1993,  obaaEtdR lidbssld,c, TG THBLC HE08Gs arbiaalto. hecpigfifa 004
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1991 which are incorporated by reference in their . )
1989, Science 243:1330-1336]. These approaches helped identify

the receptor binding domains of growth hormone and create hybrid

proteins with altered binding properties to their cognate receptors.
To better understand the physidal, biochemical and
- 15 pharmacological properties of rHCNTF, applicant undertook rational
mutagenesis of the human and rat CNTF genes based on the different
biological and physidal properties of their corresponding
recombinant proteins (See Masiakowski, P., et al.,, 1981, J.
Neurochem., 57:1003-1012). Applicant has found that the nature of
20 the amino acid at position 63 could greaily enhance the affinity of .
human CNTF for sCNTFRo and its biological potency in vitro
(Panayotatos, N., et al. , J. Biol. Chem., 1993, 268:19000-19003 ;
Panayotatos, N., et al.,, Biochemistry, 1994, 33: 5813-5818.
As described in copending U.S. Patent application Serial No.
25 07/570,651 filed August 20, 1990, entitled “Ciliary Neurotrophic
Factor” and International Publication Number WO 91/04316
published 4 April 1991 which are incorporated by reference in their

entireties herein, one of the uses of CNTF contempiated by



entireties herein, one of the uses of CNTF contenplated by 4 WO 01/12810
PCT/ US00/ 20%‘\8 l@g |icants was the use of CNTF for the treatnent of

Hunti ngton's 4 se (Huntington's chorea). Huntington'sPEFA8ex0432HD) i s
an hereditary degenerative disorder of the central nervous system The

pat hol ogy underlying HD is progressive, relentless degeneration of 5 the
basal ganglia, structures deep inside the brain which are responsible for
aspects of tBppliGaRer WhasOheOLis¥ bl UNTH fBP1RE t@@ﬁ'tmér‘a%fti-m/rﬂln@% wyity. The
onset of synp oms in HDis generally in adulthood, between the ages of 20
and 40. The disgaset giuntingion'sachares). atH@mmgibntshdi&ﬁaseaéﬂDhmanhorea and
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abnormalities includi n? dystoni a §sust ai ned, abnormal posturing), tics
or

("habit spashesponsiblexfor aspectsr o rtaeul@tggraﬁandpfsamlumﬁaw(momrr and speech).
The denmentia of HD i char teri ze as tggrﬁrqto i.cal Hbcortlcal
denenti a. Maﬁ?ggg'f’ﬁt ?%tl%tyof anl SYMBIQME | 06D 5 Agnaralydnnent ati on
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di sturbances I n ents are can include personality

changes suchnW|maaﬂun§m thei tiisdaseaare ahored iamd othprliavelantsy, paranoi a,
depression, aggressive behavior, delusions, psychosis, etc. The relentless

motor, cb@ni m%m@%@&m@% apd Ppsyiehiates $¥rmptams ocGhoreisd 25 f unct i onal
nCapacity A, i LIRS HRF BriotDibiolbAS! Yilla hbrAgooT! dom nant

trait. Its p
: ' predommantly affecting the distal extremities. Patients often tend

to "cover up" these movemenis by blending them into voluntary acts.
HD patients also, however, _display a variety of other neurological

15 abnormalities including dystonia (sustained, abnormal posturing),
tics ("habit spasms"”), ataxia (incootdination) and dysarthria (siurred
speech). The dementia of HD is characterized as the prototypical
“subcortical" dementia. Manifestations of dementia in HD include
slowness of mentation and difficulty in concentration and in

'20 sequencing tasks. Behavioral disturbances in HD patients are
varied, and can include personality changes such as apathy and
withdrawal; agitation, impulsiveness, paranoia, depression,
aggressive behavior, delusions, psychosis, etc. The relentless
motor, cognitive and behavioral decline results in social and

25 functional incapacity and, ultimately death.

HD is inherited as an autosomal dominant trait. Ilts prevalence

in the U.S. population is estimated to be 5 to 10 per 100,000
individuals, yielding a total prevalence of 25,00Q in the US



in the U S populationis estimated to be 5 to 10 per 100,000 i ndividuals,
yielding a total preval ence of 25,000 in the US 5 WD 01/12810

PCT/ USOQ/ 20430 Héi3#i0at i on. However, due to the |ate onset aicTasomioass,
there are a nunber of "at-risk”, asynptomatic individuals in the

popul ation as well. The preval ence of asynptomatic, at-risk patients
carrying the HD gene is perhaps twice that of the synptomatic patients (W
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These neurons HDrgatient pdysulption esligible ty ybesivehar abyw tﬂmaf:yaudab@mout amen
projects to its output nuclei elsewhere in the basal ganglia of the brain.
The principal A&uPBOransmitter utilized by the nmedium spiny neurons is

garm A DUty e ik ob A el BTl loTBR AR B g OPER ! 0o
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or neur optfti ¢ Chromesoméad) vThis gedancoyies for BDstraéturaliyhobugl padteim dbf
neur ochem cal changes which m mc those
unknown function, and the relationship of the gene product to the
pathogenesis of HD remains uncertain at the present time.
The pfincipal anatomical lesion. in HD consists of loss of the
so-called "medium spiny” neurons of the caudate nucleus and
15 putamen (collectively known as the striatum in rodents). These
neurons comprise the projection system whereby the
caudate/putamen projects to its output nuclei elsewhere in the
basal ganglia of the brain. The principal neurotransmitter utilized
by the medium spiny neurons is gamma-aminobutyric acid (GABA),
20 although many also contain neuropeptides such as enkephalins and
substance P. It is clear, however, that in HD interneurons which do
not utilize GABA as their neurotransmitter, containing instead
either acetylcholine or the neuropeptides somatostatin or
neuropeptide Y, are relatively undamaged in HD.
25 Pathological and neurochemical changes which mimic those
seen in HD can be mimicked by infusion of glutamatergic agonist
drugs into the striatum. Infusion of quinolinic acid under

appropriate conditions produces selective depletion of medium sized



seen in HD can be m m cked by infusion of glutanmatergic agonist drugs into
the striat urVVO'ﬂMz'ﬂfni on of quinolinic acid under appropriate conditions
produces sel ective depletion of medium sized 6 WO 01/ 1281@CPUS#ILB0O2) 20432
intrinsic striatal neurons which utilize gammua-am nobutyric acid (GABA) as
their neurotransmtter, without affecting the large, cholinergic

I nterneurons. There have been no successful clinical trials of either . 5

Synpt Omat i C Gt ORFAAC elPohs SHHIBHLigtiljZb 'qamﬁfaﬂﬁﬁﬁﬁobyﬁﬁicu'acad

val idated rating instrunents and neur ol magli ng techni ques exi'st which are
capabl e of M{GIABA) &g dhaicaneumtrensmitiean withiteatfecting ctheodargehe CNTF
receptor conplex contains 3 proteins: a specificity 10 determning a
conmponent t h&NOHNRERE| JNIGTRGUIANS. CNTF, as wel |l as 2 signal transducing O

t LI FR 3 h i el | , but
fggﬁﬁpgg fo(i niti gpgrégi gnal i SBI ﬁbre po%é’fe‘Hl ?@il%ﬂ%ﬂ@t %ghgf:')(r)rpwcj)nen;J O?re
the CNTFR; cog%?g%ﬁn?gsobﬁ nELEpiotestive ftrduthRMts thHWJOUHoWé%ePP@l\éeid??” the

a conponent. conponents of the CNTFR conplex are normally
unassoci at ed validatedh¢ating | instrunierde ; aoiTreuraimaging Hechbnigueissexidsenbl y of

a conplete receptor conplex fi.rst bipding to CNTFR a, then engagi ng
gp130, and M I%fer%Pn‘{)m?i ﬂgﬁ?mt@fm d[!kf@ﬁ% Rragress and (RSN r ecept or
assenbl y OCC'f\ﬂﬁct{iGEt erodi neri zation of the R conponents), 20 intracellul ar
signaling is initirated by activating non-receptor tyrosine kinases (JAK

ki nases) associ at FHeWCNTF hecdptopraomsiekscontdits Bi pasteins: e petifitity
phosphoryl ati ng each other and al so tyrosine residues on the receptor

cyt opl ash®c determising e gomrpnast dbph slinectly i binds dokCNJ Fsi as svélbast e Src
honol ogy 2 donmi ns of
signal transducing B components (LIFR B and gp130) that cannot bind
CNTF on their own, but are required to initiate signaling in response
to CNTF. The B component of the CNTFR complex is more widely
distributed throughdut the 5ody than the o component. The 3
15 components of the CNTFR complex are normally unassociated on”the
cell surf_ace; CNTF induces the stepwise assembly of a complete
receptor compléx by first binding to CNTFR a, then engaging gp130,
and finally recruiting LIFR B. When this final step in receptor

assembly occurs (heterodimerization of the [3 components), .

20 intracellular signaling is initiated by activating non-receptor
tyrosine kinases (JAK kinases) associated with the B components.
JAK kinases respond by phosphorylating each other and also tyrosine
residues on the receptor cytoplasmic domains, creating
phosphotyrosine docking sites for the Src homology 2 domains of

25 STAT proteins. After their phosphorylation, bound STAT proteins
dissociate from the receptor, dimerize, and tran_slocate to the

nucleus where they bind DNA and activate transcription.(reviews:



25 STAT proteins. After their phosphorylation, bound STAT proteins

di ssociate fragmthe receptor, dinerize, and translocate to the nucleus
where they bi NP HUA8YUnd activate transcri ption .. (reviews: PCONUSON2032310
PCT/ LTS00/ 20432 Frank, D. and Greenberg, M (1996) Perspectives on

devel opmental neurobi ol ogy 4: 3-18; Stahl, N and Yancopoul os, G (1997)
G owmh factors and cytokines in health and di sease 2B, 777-809). Axokine

is a mutant CNE; | gC | I AFR fY € ' lfee rties,
whi ch retains thrgmg'blél' Hn? %é%qée}yhg)tn ﬁngt@ﬁ‘yi%@gg??eﬁfm he Mél?%zept or.
(Panayot at os, Meurebialbgy ( 4933)8;JStabil,oN. afidean26poulosdC0q1999P Growtépt i n,
the product of the ob- gene, is secreted by adipocytes and functions as a
peripheral sigdaftors and aytefiines dnr keafthtand shsease) 2B Ade-80R). erfbrakine

L S0 g, Ul W e Bl

! _a s ngl coep 9 g08
Colt 83 128s" TAYRPRRS WhicH ! iaEips' elndeithy 1dPiiBreCwily ol ditivale 1)
pat hway (Baumaihe GNTFeteceptorl JPanaPeiatdy,dd., elaal. .(1803)l.J. Fibl. CRAMI3268:

8374-8378; Ghilardi, N, et al. (1996) Proc. Natl. Acad. Sci. USA 93:
6231-6235). SyH20RAEG-19088hi stration of both CNTF and leptin resulted in

i nduction of tis- 1 o] | s | . 7)..P L Ci .
USA 94: 6456- 6461) E&hﬁ‘s@%@%%ﬁ? i ob @”?‘%f Jéé%_%%&%@/g?@?%%me 14:
95-97) in 20 t by yiRitioNs2 5 Ca Sérigheral Yl to Bk Gair %o trégulatéClgdy | N the
regul ation of body wei ght and feeding behavior. Indeed, admnstration of
CNTF t o huf@ns intafecand fenedgy metabolisn (Ztang,e¥.,iet abeg(1§84) INak/reG3aap, A
C. T. S (1996) Neurol og}/ 46: 1244- 1249,.r?. 25 SUI\/I\@RY OF THE | NVENTI ON
425-431). " Interestingly, leptin receptor (OB-R), a single membrane-
spanning receptor has considerable sequence similarities to gp130
(Tartaglia, L., et al. (1995) Cell 83: 1263-1271), and like CNTF,
leptin signals through the JAK/STAT pathway (Baumann, H., et al.
15 (1996) Proc. Natl. Acad. Sci. USA 93: 8374-8378; Ghilardi, N., et al.
(1996) Proc. Natl. Acad. Sci. USA 93: 6231-6235). Systemic
administration of both CNTF and leptin resulted in induction of tis-
11 (Gloaguen, 1., et al. (1997) Proc. Natl. Acad. Sci. USA 94: 6456-
6461) and STAT3 (Vaisse, C., et al. (1996) Nature Gen. 14: 95-97) in
20 the hypothalamic satiety center, indicating their roles in the
regulation of body weight and feeding behavior. Indeed,
adminstration of CNTF to humans reduced food intake and resulted in

weight loss (Group, A. C. T. S. (1996) Neurology: 46:1244-1249.).
25 SUMMARY OF THE INVENTION

An object of the present invention is to provide novel CNTF-

related neurotrophic factors for the treatment of diseases or



An object of the present invention is to provide novel CNTF- related

neur ot r ophi &é&ctors for the treatnent of diseases or 8 WO 01/12810

PCT/ US00/ 20 "&%r ders i ncl udi ng, but not limted to, BCHESWEe43aNd
obesity. In a preferred enbodi ment, CNTF and rel ated nol ecul es are
utilized for the treatnent of non-insulin dependent diabetes nellitus. A
further object of the present inventionis to provide a 5 nethod for

identifying Nbrde® fchddihgC bt snotolifited! fAndihbete® apResbésifal Iim descri bed

herein, that have inproved therapeutic properties. These and other objects
ar e achi evedpreferredoethodiément, \"CNEE and ¢eliatech, molesubdsy aneni utdized for,
substitutions in hunman CNJF protein 10 enhance its thera_ﬁjeut I c properties.

In one errbodmm%rffe,at&ﬁ@_r at i nprsinsuliyy Q@PP_B _ﬁBTf 'Peembinl‘q"_i' Sare used to
initially screen Rpfﬁm&ra%ﬂ)jé%%e{ﬂg p;@scgﬁ‘tl ﬁ‘%%}‘: i rg# ﬁ{ﬁﬂ&'ﬁ' a preferred

enbodi nent, the am no aci tamnein position 6 Fis

repl aced gv t fethod nfd?eidefrﬁi&dﬁ%d:NTF-@élaté@ fagteré NotRér an@hhRiose no acid
which results in a nodifi F nolecule with inproved biol ogi cal

activity. |nspeeifinally ederatibashtherein, Hbatrhave i immrovedntherapertic63Q R
mutation with three other novel features: 1) Deletion of the |ast 13 am no
aci d resi dueBroPefi88-ed to as 20 &C13) to confer greater solubility to

r HCNTF wi t hout i &l ' Wbd M ' lgue
cystei ne resi duengl?é%éosf%?‘td: gﬁeﬁﬁfe\ﬁﬁ éﬁe faecgt%\{%& ?éltgsdtcgg?ﬁczeta?ﬁtgg% r HCNTF
i n physi ol ogir@ntibrf fwitereby amine iaid Substittidnsnih hamemt TNTE prteint i ons

W thout affegtn}'lggctietifs tt%gra%%tuiti\éi E)lyc;peorgies. in one embodiment, alterations
in electrophoretic mobility are used to initially screen potentially
useful modified CNTF proteins.

In a preferred embodiment, the amino acid glutamine in
position 63 of human CNTF .is replaced with arginihe (referred to as
15 63Q-R) or another amino acid which resuits in a modified CNTF
molecule with improved biological activity. In further embodiments,
rHCNTF variants combine the 63Q—R mutation with three other novel
features:
1) Deletion of the last 13 amino acid residues (referred to as
20 AC13) to confer greater solubility to rHCNTF without impairing its
activity;
2) " Substitution of the unique cysteine residue at position 17,
which results in stabilization of rHCNTF in physiological buffer, at
physiological pH and temperature conditions without affecting its
25 activity; or
3) Substitution of amino acid residue 64W, which alters the

biologica! activity of rHCNTF |n_vitro and which results in a 7-fold

imbrovement of its therapeutic index n_vivo.
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3) Substitution of am no acid residue 64W which alters the biol ogical
activity of rHCNTE in vitro and which results in a 7-fold 1inprovenent of
its therapeut "MPHRY in vivo. 9 WO 01112810 PCT/ USOQ 20432 POT/UShU20aEY
preferred enbodi nent, a nol ecule desi gnated R&97 - (r HCNTF, 17CA63QR0oC13)
conbi nes a 63Q >R substitution (which confers greater biological potency)
wth a deletion of the termnal 13 amno acid residues (which confers

greater solubility |Hngﬁ§th%rpaeé%fgbagé%bdrrﬁ@ﬁ'ﬂ,té QRélecand oeesgr%ed RG297

substitution (which confers " stability, particularly under ysi ol ogl cal
conditions at BHONIRH 7CGA6BR2RALC13) foombihes tae 630e Rapabstitutiond@vhicihan
rHCNTF in an animal nodel. In another preferred enbodi nent, a nol ecul e
desi gnat ed R&2danfetd greatiers diological hpoteray) i witht hedeiatioine of uthet itéwninah
63QR64VWA which, results in a different spectrum of biological potency and a
7-fold higher 18hd8MiR AGIE fafidyes | (Whch Gpivers Sreatar s aMbiy HIRgeT o

nol ecul e degsi g 0. .LS: ribed_ t C ' e

substituti ?1 6@@5\8@%% Eﬂha‘_{gﬁ%gnéggsa g@f‘eshééﬁﬁ%hﬁi t(glﬂ%gcronfers

physi ol ogi cal seimdlity] qurticBRAr- JfderRphysiohbgitall dondittdfiEatiare0y and

Al'i gnment of CNTF protein sequences. A Human, rat, 20 rabbit nouse and

chi cken (Leungshews a 2-31fad@ battan thergpagtisindsathas sil@NTEsin Bot animali cat e
resi dues found_in tlhe human sequence. Panel B. Mdified CNTF nol ecul es
show ng hunman ®efeani no acid residues (dots) and rat CNTF (residues

sequence 15 25 shol SHHTRE" pieitetERBolABhY I Shblebufp [dcidneL RazaFac"
‘several noddfiisddebBiibed that carries the double substitution 63QR64WA which
results in a different 'spe'ctrum' of biological potency and a 7-fold
higher therapeutic index.
In another preferred embodiment, a molecule designated RG290

is described that carries the double substitution 83QRAC13 which

15 confers greater solubility under physiological conditions.
BRIEF DESCRIPTION OF THE FIGURES

Figure 1 - Alighment of CNTF protein sequences. A. Human, rat,
20 rabbit mouse and chicken (Leung, et al., 1992, Neuron 8:1045-1053)
sequences. Dots indicate residues found in the human sequence.
Panel B. Modified CNTF molecules showing human CNTF amino acid
residues (dots) and rat CNTF (residues shown). The name of the
purified recombinant protein corresponding to each sequence is

25 shown on the left.

Figure 2 - Mobility of human, rat and several modified CNTF
molecules on reducing SDS-15% polyacrylamide gels. Purified
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nol ecul es on reduci ng SDS- 15% pol yacryl am de gels. Purified 10 WO 01/12810
PCT/ USO0/ 20@§0Mfoonbi nant proteins were |oaded as indicated. Mrkers of
the indicate were | oaded on lane M Figure 3 - Biol o@CE@S020432vity of
two nodified CNTF nol ecules. A. 5 human CNTF (filled dianonds), rat CNTF
(open squares), and RPN219 (filled squares). B. human CNTF (filled

di anonds), rat CNTF (open squares), and RPN228 (filled squares). Dose
response of desombirdrddprdt@inshiveke dohded yashéndicateds uMarkersgobthe he

i ndicated prqotein concentration, as a percentage of the nunber .of neurons
survi vi ng i n indicated MVikareclagded opylape Myt CNTF.' Each experinental point
represents the nean of three determnations. Figure 4 - Conpetitive |igand
bi nding towards A.) SCG neurons and B.) M387/huCNTFR fi brobl asts. Standard

devi ation frqyiRe 3TeaBioRgicdiSatliVife ofl tiver Mdtiié@ ONTF AlukeLIBY, Vel ti cal
bars. Figure 5 - Mbility of human’and several nodified CNTF nol ecul es on

S]PS- 15% mp;ﬁl ydmmah rICNEF qﬁ“e% diupends), aat CNIF {opemaiquares)BandpREN218t | ons
[ ' CNTF [ t . d 20 dj fi ed CNTF
o ot o me s QNG GBHRERS)H o thch dhan Ko TF b GEMongeh: 12 SN ERHoRes. A3
I k 0). . WAC 3 90) 5 .
L5 155 SR iy MDA AT R DRSS s o

M I ncubati orE8 ighisH yliaryoabarinsb elifvvingt aBifef idifated. protentl 14 days. is
indicated in 25 lanes 1-4, respectively. Figure 6 - Survival of prinmary
di ssoci at ed E®ncantratien) asrg pergeotage ph thegpunber taf newropassunyiving in

cOnCEnt 3 s, Sras LAl %2 AU 1R A Ekdn " SbHAGRRP S USO0/ 20432

represents the mean of three determinations.

Figure 4 - Competitive ligand binding towards A.) SCG neurons and
B.) MG87/huCNTFR fibroblasts. Standard dgviation from the mean of

16 three determinations is shown by vertical bars.

Figure 5 - Mobility of human and several modified CNTF molecuies on
SDS-15% polyacrylamide gels. Supernatant (A) and pellet (B)
preparations of récombinant human CNTF (désignated HCNTF) and

20 several modified CNTF proteins were loaded:as_:_ indicated. The
modified proteins shown are AC13 (also knowh as RG160);
17CA,AC13.(RG162);_AC13,63QR (RG290); and 17CA,AC13,63QR (RG
297). Markers of the indicated MW were loaded on lane M. Incubation
in physiological buffer at 37°C for 0, 2, 7 and.14 days is indicated in

25 lanes 1-4, respectively.

Figure 6 - Survival of primary dissociated E8 chick ciliary neurons

in response to increasing concentrations of various CNTF variants.
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Control concentration response curves for rat CNTF and r HCNTF obt ai ned
W th standard, untreated stock solutions, as well as with four rHCNTF
vari ants, RQ¥PMEYO0 RGI60 and RGL62. 5 Figure 7 - Survi pehr/usbo/qeusanary
di ssoci ated E8 chick ciliary neurons in response to increasing
concentrations of various CNTF variants. Control concentration response
curves for rat CNTF and rHCNTF obtained with standard, untreated stock

sol utions, as mhtroafeow'céhtraﬁmEpu@sé DUrvdI2EB rdt CNY K aman rlASNAAN228  and
havi ng the 10 mutati on 63QR ure 8 - Survival of primary dissociated E8

chick ciliary fetained Wlth 8 e untreiated eﬂgphgs@l@ﬁéeﬁt e Ve asf W'ﬁ'{jl ous
ONTF ONTF
FHONTE 15 0bt d%d“ffé‘ﬁ#ﬁf%%ﬁ’% 80, BIEE a0 8 HEIEE" a5 el T as

with TrHCNTF variant R&42 (which has the nutation 63QR 64WA). Figure 9, -
Aver age plasma concentration tine profiles in the rat after intravenous

(1V) adm nisstrRigure Pf- rSéiiMal dtGdtharpddiBSBdiated BB itk zeiliatyo ndQdog! kg
dose for all three conpounds. Figure 10 - Average plasma concentration tine
profiles in thi® responge dp iBGRARNNG cancentiationgnPhivarions; 6N

226 e N onlB] e sl T8ReAA BPRRE b lnf Pyt BAERRHECS; 20

of (A) hCNTF Veptaied Sivith Bitandiid, Wﬁtreﬁ@i’@@t@&ﬂ §&htlbﬁ§‘T%sV%vell R 4dth 12 WO

01/12810. PCT/ I TSOO 20432 Figure 12 - Conparison of in vivo toxicity for
h. CNTF, RQ228, rHRCRTF variantrR&Z28 (ialsE’o guownlas -RifNpP8 sand having thiess! - st ai ned
sections (coronal plan 3

0 mutation 63QR).

Figure 8 - Survival of primary dissociated E8 chick ciliary neurons
in response to increasing concentrations of various CNTF variants.
Control concentration response curves for rat CNTF and rHCNTF

15 obtained with standard, untreated stock solutions, as well as with
rHCNTF variant RG242 (which has the mutation 63QR,64WA).

Figure 9 - Average plasma concentration time profiles in the rat
after intravenous (IV) administration of rHCNTF, RG228 and RG242
20 normalized to 100 ug/kg dose for all three compounds.

Figure 10 - Average plasma concentration time profiles in the rat

after subcutaneous (SC) administration of rHCNTF, RG228 and RG242

normalized to 200 pug/kg dose for all three compounds. |
25 '

Figure 11 - Comparison of dose dependent rescue of rat muscle wet

weight of (A) hCNTF vs. RG228; (B) hCNTF vs. RG297 and (C) hCNTF vs.
RG242.
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frombrains treated with neurotrophins and injected with quinolinic acid.
Top left: A‘Wé\f,@/“g{" an i ntact caudate-putanen (CPu). Adjacent panels:
Conpar abl e Vi "sections frombrains treated wi th NG-PCTEBMRO432 NT- 3
and injected with. quinolinic acid. In the neurotrophin 10 treated brains,
a circunscribed area (indicated by open arrows) is virtually devoid of
medi um si zed neurons. The two tracks in the CPu were |eft by the infusion
cannula (c) and the quinolinic acid injection needle (arrowhead). ec,

external capsul e; , lLateral veptricle, Scale bar.=_0. 1 | gure 14
-. Represent a{itJ'W':? kﬂ¥§s Fomnarsan Qgé[@—iyg% t?’ﬁﬁ'ﬁﬁ)ﬁﬁf %&'\A—Hg) ?‘% E‘F’%&
treated with. K @87PBS and injected with quinolinic acid. Top left: A
vi ew of an un rea?e , intact. caudate-putanen (CPu). Top right: A higher
magni fication view of the lateral, CPu 20 show ng numerous mnedi um si zed
neurons, a few of which are indicated by arrows. Mddle and bottom|eft:
The | eft 8Pu Figute diths Repeesentative hNesEstainensectians frewmnad piang)

"t usi on candli pEns oftgaldd Y :nﬁ?lﬁ&?@%ii‘w%’e#rﬁq dbldesfd by gﬁf’rﬁﬁuﬁﬂim ;
D0t tom 11 gt 2 gl s ot AF YIRRE G art INBCE chuBaid PatariEn 0Pt et

i Il ustrating panels:i rComplayabienpiesise ohlseetions drometrains sreatédswithaN@F,
neurons in the. PBS-treated brain éneuron | oss score = 4%9 and the 13 WO

01/12810 PCT/RIRNE/ Q03 R siiraied With RURRMNIC Afita) IR JPeheurgtioplinms in
e TFA b 2l Ny, (3 o habfifod 4t (AR, 852 0BEG AL ™
ventricle. hgflalfCdbfoidabf TmediamBized BBUroe2! THEtwo G8cke in the CPu
were left by the infusion cannula (c) and the quinolinic acid
injection needle (arrowhead). ec, external capsule; LV, lateral
ventricle. Scale bar = 0.5 mm.
15 . -

- Figure 14 - Representative Nissl-stained sec_tions (coronal plane)
from brains treated with CNTF or PBS and'ir.\jected with quinolinic
acid. Top left: A view of an untreated, intact_'caudate-putamen
(CPu). Top right: A higher magnification view of the lateral CPu

20 showing numerous '-'medium-sized neurons, .a'fe_w of which are
indicated by arrows. Middle and bottom left: The left CPu in brains
treated with PBS or CNTF and injected with quinolinic acid. The two
tracks in the CPu were left by the PBS or CNTF infusion cénnula (¢
and the quinolinic acid injection needle (arr_o_Whead); open arrows

25 indicate the medial boundary of the lesion. ..Middle and bottom right:
Higher magnification views 250 pum lateral to the cannula
illustrating the virtually complete absence of medium-sized striatal

neurons in the PBS-treated brain (neuron loss score = 4), and the
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5 Figure 15 - Effect of treatnment with neurotrophic factors on

medi um si zed striatal neuron | oss induced by intrastriatal injection of
quinol i nic acWPUAA® A B, C D, E. Mean neuron | 0ss scor ePor&EMross20r
groups treated with neurotrophic factor or PBS and injected with 10
quinolintc acid. The nunber of rats in each trophic factor-treated group
Is as follows: NG-=5; BDNF=12; NT-3=10; CNTF=3; Axl=7; equivalent nunbers.
were used in thesBRSetseAlREreas! nokmal-appeating KEGONSX REhEEONTF-treated
Statistical conparisons were by unpaired t-te.st. NI-3 treatnent resulted
in a significdmaiy (gomst of the)suvivingclewienssalerdrdicated yoRp@Wsl with the
PBS-treated group: t(17)=2.75, p=0.01. F or Ax] treatnent resulted in
si gni fi cant |y MeHORS(1ops geate 7k orPO; egl%r%o%i%pg}/:dawfﬁhVPB 1¢¢-eat ed

groups: t(5)=2. = _aRd-t )i = 01, ectively. 20 Figure
16 - Effect onLefsz (asg?'r_fegr??ﬁvﬁ Pﬁs rﬁ\x&ﬁ rgﬂnzrr%?f?%%a(s}l ze%‘5 ﬁ] atal neuron | oss
I nduced bysintrastriatal injection of quinolinic acid (QA). Above each
graph, a time line indicates the experinmental scheme. A Mean neuron | o0ss

score (SEM foriggreuts + mffactdohutreatroent( with) neurotrashicn isgtors om

excopt the osaeAlPizedustiatl aaitan: srstingused By ifeeriatal ifBetioan o
ui nolinic aci hs ; s Rf ger e ROEE uron

ﬂoss score (SE‘%}%@?%??&&@ (é?ébeévphg’amﬁgﬁ“@éﬁrﬁheg?ﬁi at afc‘lﬁﬁjse'\@t%i@ion of

Ax1l (n=6) or HGP groups) tredtetD With 1A8Udtfdphid 386102048 PBEr afddmjected’ with and

1 day after an injection of quinolinic acid. *unpaired t-test, A
t (9)=2. 5. 1G=0awpolinic agido) =Phe niabepLf ratguine eagh. tophic dacter-treairdne- 15

(A 15) i nor oo W' NGPZEMBDNEC: RS 1Y, BRAE-I L Re0us! ¥

' equivalent numbers were used in the PBS-treated control groups in
‘each experiment. Statistical comparisons were by unpaired t-test.
NT-3 treatment resulted in a significantly greater (+) mean neuron

15 loss -score compared with the PBS-treated group: 1(17)=2.75, p=0.01.

- CNTF or Ax1 treatment resulted in significantly lower (*) mean

neuron loss scores compared with PBS-treated groups: t(5)=2.7,
p=0.04 and t(13)=4.2, p=0.001, respectively..

20 Figure 16 - Effect of treatment with Ax1 on medium-sized striatal
neuron loss induced by intrastriatal injection of quinolinic acid (QA).
Above each graph, a time line indicates the experimental scheme. A.
Mean neuron loss score (xSEM) for groups treated with Ax1 (n=6) or
PBS (n=5) in an experimental paradigm similar to that described in

25 figure 1 legend, except the osmotic pump was implanted for only 4
days and the injection of quinolinic acid was given 3 days after
removal of the pump. B. Mean neuron loss score (xSEM) for groups
receiving a daily intrastriatal injection of Ax1 (n=6) or PBS .(n=6)
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either vehicle or Ax-15 at 0.1 ng/kg, 0.3 ng.kg, or 1.0 ng/kg. Percent
change in bogﬁoyﬁ;fg.pt I n Ax-15-treated versus vehicle 5 treated -controls
is shown. Figure - Effects of Ax-15 in ob/ob mce. C57B08SedxZoadz m ce
were injected subcutaneously daily for 7 days with either vehicle, Ileptin
(1.0 nmyg/kg) or Ax-15 at 0.1 ng/kg, 0.3 ng.kg, or 1.0 nog/kg. 10
Diet-restricted, pair-fed mce were injected with 0.3 ng/kg Ax-15 to

i nvesti gat e fdre3eddyscbefare anddl idayahBier egu injectiormorofwguigbtinicoasid. Per cent

~change in body weight in Ax-15-t ted and leptin-treated versus

vehi cl e-t reat‘é@%ﬁﬁ(ﬂ]rtﬁ%t'%' i@dﬁé --13=%i%§uré E@O?: »eRTQO04f Ax-15 in

di et-induced obesity in mce. AKRRJ mce were placed on a high fat diet
for seven weeks prior to treatnment with vehicle, leptin (1.0 ng/kg) or

Ax-15 at 0. OBigweéky7 - Effectd/dfgAxOkiRerB KBx-18) i GomdaimiceD alormgat ri cted, -
pair-fed AKRRJ mce were injected with 0.3 ng/kg Ax-15 to investigate the

effects 20 of57B8b6J mminee werduinjéetadosubgiitgheocuslysdaterfoent dayengsth n body
wei ght in Ax-l5-tre d and lLeptin-treated versus vehicgle-treated controls
is shown. Fi§ %rsvﬁgitRFeaﬁé 'gi‘)ﬂ% a%?’fiedpg °A§-T§3%d°ﬁﬁe‘? MPYEGriction on 25
serum insul i o | e Sinl AyH ehied o esgAKRJ 15 WO
01 15510 1pchr (R Ehange E’é@?’éﬁ?ﬁé ig, A el SGhsD8RENEIR I
measur &d i n #Ekteld -odinttols ndushdwabese mice following treatment with

vehicle, diet restriction and Ax-15 (0.1, ng/kg) or Ax-15 only (0.1 ng/kg).
to determne the effects of diet 'and/or Ax-15 treatnent on obesity 5

measur od | n MO8 T ot ERS ot BRI vl BifGRy e TB ISR i ©
vehicle, di ejyefeShidctdd BustidadEodsly (8aiy! f6B/AHay?" with either vehicle,
leptin (1.0 mg/kg) or Ax-15 at 0.1 mg/kg, 0.3 mg.kg, or 1.0 mg/kg.
10 = Diet-restricted, pair-fed mice were injected with 0.3 mg/kg Ax-15
to . investigate the effects of food intake reduction on weight loss.
Percent change in body weight in Ax-15-treated and léptin-tréated |
versus vehicle-treated controls is shown. '

15 Figure 19 - Effects of Ax-15 in diet-induced obesity in mice. AKR/J
- mice-'were placed on a high fat diet for seven weeks prior to
treatment with vehicle, leptin (1.0 mg/kg) or Ax-15 at 0.03 mg/kg,
0.1 mg/kg, 0.3 mg/kg, or 1.0 mg/kg. Diet-restricted, pair-fed AKR/J
mice- were injected with 0.3 mg/kg Ax-15 to investigate the effects

20 of food-intake reduction on weight loss. Percent change in body
‘weight in Ax-15-treated and leptin-treated versus vehicle-treated

controls is shown.

Figures 20A and 20B - Effects of Ax-15 and diet restriction on

25 serum insulin and corticosterone levels in diet-induced obese AKR/J
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Ax-15 only (0.1 ng/kg) to determ ne the effects of diet and/or Ax- 15

treatnent on 8&?%@‘ associ ated hyperinsulinema. 10 Figure 21 - 1-20-PEG
Ax- 15 (nono- 2 Wy - 15) is 4-fold nore effective than noRCIMESYYyREsEd

Ax-15 in causing weight loss in mce wth diet induced obesity. DIO mce
were given weekly subcutaneous injections (*) of either PBS, Ax-15 (0.7
nmg/ kg), or 1 15 20-PEG Ax-15 (0.23 and 0.7 ng/kg) for 13 days. The ani mals

were weighed dgicky ElghreeaOAbosbrunengtmhmHmrQs were enpasimeddinaARKIr cent
change from baseline +/- SEM (n=6 per graqup). rgfg:’ure 22 - 1-20-PEG Ax-15
decreased food dl'ﬁt'éﬁécﬁﬂr@béﬁﬁemlpeef%}'o“ﬂogtﬂﬁﬁt SHI Peihl yebiglendied in nice

1 ecti ons of deninopeatd Bk byt AGAENDY 25 8 oy . WDREY 30 pec
Ao 15 (0. 23 andlornOlg)fetls] 3 e ol AYE A aricoh el ¥ 24

hours and results expressed as nean gram wel ght of ets consune

SEM 25 ($=6 passgciated . hypayinsulididmia3D Figgre ewASerﬁma&dranosteion&)/db
animals with daily Ax-15 causes a si anl fi canmmer wei_ght | oss than
does 16 WO 01/4@_‘298%‘"9@/%66%@943@ ARKYSdigt pbgse migq folpwingr

their heterozy t ( ? e s c.)
of either Ax- 1gloet$8m n&) \?'Bhnegﬁ@/%g%%t )r?/%ﬁcﬁf)g %EB %8( il%ytsdu' Fﬁ}%ﬁ’é‘)ﬁ z{ke was
restricted for gx-15069% (@4 Yeike) 2ot as@tr%@rth@abﬁeb&’ﬂdf diet) an@ol Nexsanme
anount 5 ingested by the highest Ax-15-treated group. The nean group
bodywei ght +/ - 1SEMdatrietit on obssityeasdoriatedc hypayinskligemda23B - The ef f ect
of 10 day. Ax-15 treatnent on glucose tolerance in db/db animls. An oral
gI ucose %Q| erance test (OGTT) was performed on

Figure 21 - 1-20-PEG Ax-15 - (mono-20K-PEG-Ax-15) is 4-fold more
effective than non-pegylated Ax-15 in causing weight loss in mice
with diet induced obesity. DIO mice were given weekly
subcutaneous injections (*) of either PBS, Ax-15 (0.7 mg/kg), or 1-
15 20-PEG Ax-15 (0.23 and 0.7 mg/kg) for 13 days. The animals were
weighed daily and mean body weight change was expressed as

percent change from baseline +/- SEM (n=6 per group).

Figure 22 - 1-20-PEG Ax-15 decreased food intake more effectively
20 than non-Pegylated Ax-15 in mice with diet induced obesity. DIO
mice were given daily subcutaneous injections of either PBS, non-
pegylated Ax-15 (0.7 mg/kg), or 1-20-PEG Ax-15 (0.23 and 0.7
mg/kg) for 13 days. Food intake was recorded every 24 hours and
results expressed as mean gram weight of pellets consumed +/- SEM

25 (n=6 per group).

Figure 23A-23D - Figure 23A - Treatment of db/db animals with

daily Ax-15 causes a significantly greater weight loss than does
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vehicl e (open square), pairfed-vehicle treated (filled dianond), and '10
Ax-15 treat e‘? OP125,070/ kg/ day, open triangle; 0.3 ng/kg/day, filled
triangle) db gb mar e mce and age-matched het erozygous dbPCTMSL043f || ed
circle). Each point represents the mean of at |east twelve animals SEM
Figure 23C - Treatnent of db/db animals with daily |ow doses of Ax-15
causes a significant body weight |loss. db/db 15 mce were given daily

i nj ections (<zatorjc abskictivar Adb/db (Miceldd, thelx M2fermzyfods litdkghates vehicl e
for. 10 days. T mean group . bodyweight +/- SEM (n=6) is reported. for
each day. Fi ée’Pngx@fe &N@" daMed Je&?‘g'ﬁ) &) 1 BvetRRre AXK1E {0t Oft Beht on

gl ucose toler [ . b ' Al l; C ce test (OGIT)
was perforneéﬁ%az)r&v‘éﬂﬁé@efﬁgggﬁa%ﬁ%a&g&gﬁ%&kg-@égtlﬁe%ﬁéetga(@ro 25, 0.025
or 0.05 ny/ kohottobfltvemdle treatod manharoi(Pairifeq)y aseties shhte mousf at (east
six animals SEM Figure 24 Tinme course of effects of Ax-15 treatnent (0.3

25 ny/ Ky/ day jngesteddby rthanbjighpst Ampabdreated vgioupl. eThe eaead gopgn  square)
pai rfed-vehicle treated (fj d di.apond n, non-fasting _seru ood

gl ucose from%G’S‘FWS'ﬁEI ﬂ'r#’é&’. ?'E"'agé\? Eof?f%or?eéb?@séﬁpé qaiﬁvﬁgﬁi? g

PCTI US00/ 204 fy.at ' i npl r . af t he
Cast inj ect i, eREtEE UL g Ak trcbheRt diP hioase ittty uf iyt

Ax- 15 5 treanimals. i Ardbralbglicosal toler&hce rtes {OGTRYswas péricrated)lorcose
concentrations were determned with serumfromdbldb male mce treated for

10 days wit hvekicle (open sguatg)d-naidad-@hicieginegiet (filledadiemendarandas
cOPRSS . BYLHS Bl RO YR el SRERCERRIR, B b RO L,
Each bar repkgstgibf dBYap "Rl Ghice and age-matched heterozygous db/? mice
(filled circle). Each point represents the mean of at least twelve
animals + SEM. Figure 23C - Treatment of db/db animals with daily
low doses of Ax-15 causes a significant body weight loss. db/db
i5 mice were given daily injections (s.c.) of either Ax-15 (0.0125, _
| 0.025 or 0.05 mg/kg) or vehicle for. 10 days. The mean group
bodyweight +/- SEM (n=6) is reported for each day. Figure 23D - The
effect of 10 day low dose Ax-15 treatment on glucose tolerance in
db/db animals. An oral glucose tolerance test (OGTT) was performed
20 on vehicle (open square) and Ax-15 treated (0.0125, 0.025 or 0.05
mg/kg) db/db male mice. Each point represents the mean of at least
six animals + SEM. |

Figure 24 Time course of effects of Ax-15 treatment (0.3

25 mg/kg/day; filled triangle) compared to vehicle treated (open
square), pairfed-vehicle treated (filled diamond) on non-faéting
serum blood glucose from db/db male mice. Each point represents
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at least eight animals SEM Figure 25B Fasting insulin concentrations
were determ ned on serumfromdb/db nmale mce treated for 10 days with
Ax-15 (0.1 ny 9'6’§§1'0and 0.3 ng/ kg/ day, hatched bars) as c@grarsee2osse
control groups, vehicle treated (open 15 bar), pairfed vehicle-treated
(hatched bar) and age-matched heterozygous db/? mce (stipled). Each bar
represents the nean of at |east eight aninmals SEM Figure 25C Fasting

free fatty aci ¢he iRYSH SoMBI Rodbbisik HrMPRAILE SEMIM S Mok offtdr e Mytdb nmal e
mce treated for 10 days wth Ax-15 (0.1 ny/kg/ day angaqo.B ny/ kg/ day, 20

hat ched bars) imjexdigrari son to control groups, vehicle treated (open bar),
pai rfed-vehicle treated (hatched bar) and age-natched heterozygous db/?
m ce (stipled). Each bar represents the nean of at |east eight animals

SEM Insulin teik Nge Al d alel e ' edei NSl LNaSENSitivity

profile from tE@;%vgsé'gg{:nbgéﬁédg%?%e’h?@'ﬁ%ﬁ%‘%ﬁd%oﬁ lr&g& é%/ﬁ%

ani mal s. g1 gur gredffer®lih-ad/Mfp AhirRalsS Figdve DBAL PRt bIcYY igiddden-

stinul at ed phosphotyrosine i mmunoreactivity in the arcuate nucleus 18 WO

01/ 12810 PCT/ Useaceotrationsfwdte dietermined mvithh eeraimifram ofibral enaley mice

(db/?) mce showed an increase in phoigh%tta¥rosi ne, j nmunoreacti ve staining
2

neurons of th&eaeedos 1o ctayuss With fx me/keidaygands0-3imake/day.us of

Dot Ui S oy . _ Co U
control 1evel JEGHTERE btdl'sdcdfiblled o TR Ctrdube et 4B fhhety
db/ db mi ce (vebiag), epairfi-eehichy tidhtddyatcrRe@aba andcagéimatehiedel y hi gh

phosphot yr osi ne i mrunoreactive stainin pattern (Figure 26C) wth no

det ect ai® chahgterarzygpusngdby? micer(stiplesht Erchubar repwesemtsnthinyngan 1
treatment of dbyqb 1y o6 40 AkE oK gl oA Py SR 051 e
| concentrations were determined on serum from db/db male mice
treated for 10 days with Ax-15 (0.1 mg/kg/day and 0.3 mg/kg/day,
hatched bars) as compared to control groups, vehicle treated (open
156 bar), pairfed vehicle-treated (hatched bar) and age-matched
heterozygous db/? mice (stipled). Each bar represents the mean of
at least eight animals + SEM. Figure 25C: Fasting free faity acid
levels were determined on serum samples from ab/db male mice
treated for 10 days with Ax-15 (0.1 mg/kg/day and 0.3 mg/kg/day,
20 hatched bars) in comparison to control groups, vehicle treated (open
bar), pairfed-vehicle treated (hatched bar) and age-matched
heterozygous db/? mice (stipled). ‘Each bar represents the mean of
at least eight animals £+ SEM. Insulin tolerance test data indicate an
improved insulin sensitivity profile from the severely impaired

25 vehicle treated control db/db animals.

Figure 26A-26H - The effects of Ax-15 treatment on insulin-

stimulated phosphotyrosine immunoreactivity in the arcuate nucleus
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26E and 26G) and restored insulin phosphotyrosine reponsiveness (Figure
26F and 26"|)wo'(:|{/92§{e 27A-27B - The effects of Ax-15 treatnent on insulin-
15 stinul ated si gne{ll ing in the. liver of db/db mce. Ml ePEBUUS20432e were
treated for 10 days with either vehicle (lanes 7 & 8), pairfed to drug
treatnment levels. (lanes 1 & 2) or treated with Ax-15 (0.1 ng/kg/day,

|l anes 5 & 6; 0.3 ng/kg/day, lanes 4 & 5). On the 11th day aninmals were
anaest het i ze®fi dfy/dbtmitteni timmunodstaining i ofchéteyozygous? (dbA?)omicee ghiowed nsul i n
(+) via the portal vein r-.was renoved raotein extrac#s wer e

I : T#e li ve .and
i munopr eci pP{ i35 HN aRNASRROLY RIS HBITHIARACHVE $4IRIRG ARBHTI9ASy OF ol | oved

by standard t b a | ' A S ; egul atory
subuni t of P\IMéSa?E‘?%tgs}e]g%lﬁiﬁgu{%ag%A;?éépR@T@%?Wéﬁﬁ%gﬁ)gﬁsﬁI owed by
Vestern 25 binsulian@ Wgi siawthidr jaguiant veiph @spbompaesd rte- vekicld iitjeeteid body

(Figure 27B, upper panel), and an |RS-1-specific antiserum (Figure 27B,
bot t omSpane! Fonieh levatutigemsn264). i nalygiscel the dosulin (NI ), no.19 WO

085 (0 er o FoSiRAiaRatc > ALEAR HeS etk sfiled o an, HETY° reRHef D
DESCRI PTI ON @F ¢ iﬂdﬂ_\ééy'rﬁyh ﬁg?&@ﬁh 8§k irﬂﬁﬁnidg_egcfi@éaét%?nihg a net hod
of treating neurologicdl ol endocriné di seases an | sorders | humans or

animal s. |t pattbasdfigure pEC),with ndedetectabde dhangen@ftemainsulbieonbi nant rat
CNTF binds nore efficiently to the human CNTF receptor than 10 does

reconbi nant HEREMEONHHINRR 36{Y)- s U QRN Axh S dopiment 1aft dbAR fRicgei d .
SUbst iytgt | On%tt%héféoaf gﬁé ehﬁ%@%ﬁ%{ﬁsﬁhe r&@ﬁo?ﬂrﬁunér‘é‘éﬂwty‘? (FGurd\™F

result 1 n enfance ng ~of
26E and 26G) and restored insulin phosphotyrosine reponsiveness

(Figure 26F and 26H).

Figure 27A-27B - The effects of Ax-15 treatment on insulin-
15 stimulated signaling in the liver of db/db mice. Male db/db mice
" were treated for 10 .days with either vehicle (lanes 7 & 8), pairfed
to drug treatment levels (lanes 1 & 2) or treated with Ax-15 (0.1
‘mg/kg/day, lanes 5 & 6; 0.3 mg/kg/day, lanes 4 & 5). On the 11th
day animals were anaesthetized injected with either saline (-) or 1
20 IU of regular insulin (+) via the portal vein, The liver was removed
‘and protein' extracts were immunoprecipitated with an anti-
phosphotyrosine-specific antibody followed by standard Western
blot analysis with an antiserum to the p85 regulatory subunit of PI
3-kinase (Figure 27A), IRS-1-specific antisera followed by Western
25 blot analysis with an anti-phosphotyrosine-specific antibody (Figure
27B, upper panel), and an IRS-1-specific antiserum (Figdre 278,

bottom panel). Non-immune control immunoprecipitation (Ni), no
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to the human CNTF receptor and concom tant enhanced bi ol ogical activity.
15 In a preferyed enbodinent, alteration of a single amno acid of the
human CNTF praY%Psz"é’sul ts in-a significant enhancenent of tHEY/UsalvRd4dsy of
the protein to pronote the survival and outgrowth of <ciliary ganglion, as
wel | as other neurons. Reconbi nant human and rat CNTF have the sanme nunber
of 20 am no acids (199) and simlar nmass (MW 22,798 and 22,721
respectively, afdaé dottEIA(NIOf drite 3F¥3-BN niysate @BhtroPibong8ss (€Y wéfe run
reduci ng SDS- PAGE gel s, r econbi nant human CNTF migrates as a protein of.
MAE27, 500, wheB&admmunpearipitatignatanst \lelinghcosiigd®t ed nobility. In

addi tion, human CNTF has four tines |ower biological 25 activity towards
chick ciliary ganglion (CG neurons than rat CNTF and the human protein
conpetes for binding topd R A6 . surfaces
much |l ess effectively tham T . ; 40
above obgervation led to a directed effort to identify the region on the
CNTF nol ecul e responsi ble for these differences. This nethod involved the
exchange, by geneti thenprasest iinyentiomoetatestto gamethed eohdrealingn CNTF

_ ith th di t CNTF 5 d vi . T
achi eve thi s, DEUHRIPAKE! REsShdRinG, diseassh, AEd; GROLaTESIn hiiMmaNse Sk ormon t o

the two CNTF ganﬁﬁaﬁnd IH'11s Biksed, Nirk BRI, &ﬁgh@smi ﬂﬁdtﬁ@g&@ﬁg&w%@w&&

When necessary, suc sites were engli neered I n one or e two

genes in areasrat CNTRbinde moe efficiemtpteithesikameancENTH trecéplios thapr oach,
10 expression vectors were obtained for each of the nodified proteins

shown i A O gur 80gs race@binay Bumag CAETF qadiheusvbspaantdiscavery thedst  60%
purity, their Bt 8rééi&%ubasﬁitﬁt%Wsarw%ﬂcﬁ Ocattps%sﬁumanhWFat%d mdte closely
' S resemble rat CNTF result in enhanced binding of the modified CNTF

to the human CNTF receptor and concomitant enhanced biological
activity.

15 - In a preferred embodiment, alteration of a single amino acid of
the human CNTF protein results in a significant enhancement of the
ability of the protein to promote the survival and outgrowth of
ciliary ganglion, as well as other neurons. _

Recombinant human and rat CNTF have the same number of

20 amino acids (199) and -similar mass (MW 22,798 and 22,721
respectively, after removal of the N-terminal methionine). Yet, on
reducing SDS-PAGE gels, recombinant human CNTF migrates as a
protein of MW=27,500, whereas rat CNTF migrates with the expected
mobility. In addition, human CNTF has four times lower biolbgical

25 activity towards chick ciliary ganglion (CG) neurons than rat CNTF
and the human protein competes for binding to the human or the rat

receptor on cell surfaces much less effectively than rat CNTF.
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CNTF were determ ned. Because the el ectrophoretic nobilities of human and
rat CNTF  15ydifdfie Significantly, the. effect of each am no acid
substitution was nonitored initially by making a determ R&T[USHN/29832t he
effect of such change on the nobility of the protein. . As described
herein, electrophoretic nobility. data indicated that all of the nodified
human CNTF nol ecul es that mgrated to the sane position as rat 20 CNTF had

the single anino AbPdabovetohsarvationsled2o.ar girecksel effprt koddentfy theran CNTF
proteins that trat I r r et Wity . simlar taq,that of
the rat CNTF rﬁgfl%ggﬁﬁe{h%mm-ﬁfgd'ﬂ@ggﬁ%nfﬁb%g%%gn@gbq‘gﬁebqlgpg‘ld‘lc@% acﬂ'?vi ty
and receptor hRdi ' r G & il des ' t g¢ suppor t

t he survival m%ﬁpﬁgi E‘ggg'i%?t gnf?ixlbiﬁgfgé'nggr%g&y eégldc%ﬁ?g\lr?ag?ibﬂr‘é%ss'. 8[%y this
criterion, pyaris edthrebunamONTF seqObi€e i witha the otorvespandinge rataCiNA

protein fromrat, but four tinmes npre active than reconbi nant human 21 RHO
01/ 1281 PCTAESUENC® A3 ViICRTYRISARST QkasMRYe this, advantage was. talenrokci .

on Aprit a. - 68ckibn SECIAA' Al Soriibh 16 e RybTONEE dench iy uRild 0 C
activity of ilengk!Gipsbpt dig! expRisnsy %c&ﬁssﬂewm@%c@a@a@;tﬁ:rﬁ@gn)R

descri bed herein, all of the nodified CNTF nol ecul es that ha

subst i t ut i on séesiweteeengineened sasente bithet gthes ofuiheotwotganessin areas of
ciliary ganglion neu ared to the p F protein.

Such resul tsﬂ?ﬁd%%‘? .ortlgegﬁsqrg% fetﬁ'?eﬁeﬁ’@upﬁﬁebgmiﬁni%ggggpéﬁ on of the
addi 110 to SSBLeRin B fIEBERC TP U of fielkRRBfied Froteifs
shown in Figure 1. After isolating the individual proteins to at least
60% purity, their properties, as compared to those of human and rat
CNTF were determined. _
Because the electrophoretic mobilities of human and rat CNTF
15 differ significantly, the effect of each amino acid substitution was
monitored initially by making a determination of the effect of such
change on the mobility of the protein. As described herein,
electrophoretic mobility data indicated that all of the modified
human CNTF molecules that migrated to the same position as rat

20 CNTF had. the single amino acid substitution GIn63—Arg (Q63—R).
Modified human CNTF proteins that demonstrated an

electrophoretic mobility similar to that of the rat CNTF molecule
were subsequently examined for biological activity and receptor
binding.

25 CNTF is characterized by its capacity to support the survival
of dissociated clliary neurons of E8 chick embryos. By this
criterion, purified recombinant rat CNTF is as active as the native

protein from rat, but four times more active than recombinant human
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made to human CNTF, an indication of the potential biological activity of
each of the nol ecules nay al so be obtained by determning the effect of
each nodi fi caYQM/ B0t he ability of the 15 npl ecul es to bi ncbdrausalysnsENTF
receptor. In one enbodi nent, the ability of the nodified human CNTF
proteins to conpete with rat CNTF for binding to rat superior cervical
ganglia neurons (SCGs) is neasured. As described herein, human CNTF is

about 90 tinmes I‘?fi-s i agi 1254z m‘l . g é:l\g | ndi ng
fromthese cel ﬁs hé%ﬁ%@%"eggg{ C‘&%%F.‘Egg\?lejra " gif(ﬁ)ed ?}%1 I f |'J|e:%qhurran
CNTF proteins (feaidtiathl NRUBIidatido\WY.eWOag ¢/04316; publested AN Apkie Human
CNTF in displacing the rat protein. Al of the nolecules described herein

that had such 1A8i1kasEbe czamet assaye wasnotilized ol determine thel bioldgisat hat
exhibited altered . 25 el ectrophoretic bility, wherein the | ecul es .
mgrated in a 2REARECTSING PQPPq‘ﬁ mojec FPVQR‘F}?&FIo?ﬁ em@&i ggﬂ‘(?' cefls,
such as 7 f t e .ne :

recept or %58- co%éﬁ@% alﬁeéeﬂ‘gfwglfgl%%"%@%ﬁ]%%@eg;{ﬁgﬂ hggul-r se are

used to assay Ce3-bimdéulsstRaneni éxHibited drenordiseidedbility Toekippértt fie human
receptor. Human CNTF is about 12 tines |less potent than rat Fin

conpeting w t hsti@dfvall ebeilisey gatglONTRelirsns kisndonparedt e the paneNRaman
‘receptor. Several_ of. the nodified human, 5 CNTF nol ecul es descri bed
herein, incl udCGhyTRRrotging hSucharesults indieaisshb pestrengoerireladionnbetweennbl e

wth bi nding oRtORDIh of g efeefroPRaral i EBhuky s RbACS, AiRIHAR" | "0
recepton.g | n apebpertieégbodi nent, an animal nodel with denmonstrated 10

utility in providing an indication 'of the ability of certain growth and
In addition to measuring the biological effect of modifications

made to human CNTF, an indication of the potential biological

activity of each of the molecules may also be obtained by

determining the effect of each modification on the ability of the
15 molecules to bind to the CNTF receptor.

In one embodiment, the ability of the modified human CNTF
proteins to compete with rat CNTF for binding to rat superior
cervical ganglia neurons (SCGs) is measured. As described herein,
human CNTF is about 90 times less potent in displacing 125i-labelled

20 rat CNTF binding from these cells than unlabelled rat CNTF. Several
of the modified human CNTF proteins described herein, however, are
more potent than the human CNTF in displacing the rat protein. All
of the molecules described herein that had such increased
competitive binding ability were molecules that exhibited altered

25 electrophbretic mobility, wherein the molecules migrated in a
mannér similar to rat CNTF.

In another embodiment, cells, such as MG87 fibroblasts, are

engineered to express the human CNTF receptor o —component and
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other factors to prevent degeneration of retinal photoreceptors may be
used to asse&& H} t herapeutic properties of the nodified CNTF nol ecul es
according to i EWesent invention. As described in ExanBC®Ua00/2p3RTF

(@ n63-Arg) has a ten-fold higher ability than 15 reconbi nant hurman CNTF to
prevent degeneration of photoreceptors in a light-induced damage nodel of
reti nal degeneration. Thus, according to the invention, certain am no acid
substi tuti onsuch céls averarseONIF q&s@u{ethe birxding ¢apabilityf ok dhéyumedifieGNTF

Pt 1, et b TR R O AP A, PR 2
modi i ed ONTR i iefil 5ai o1 ACGorbBEA EBE R et b’N"ﬁf‘tben my  be

prepared by AR ng anf expre55| on |haﬁﬁ% okaryotiCc -~ or eukaryoticC

expressi on sYindifyad GRSALMAAICNTE réxaptot.e Sé\/e?él Uhsh@l?ﬁwulﬁbd Rimah.
1991, J. Neurosci. 5:1003-1012 and in International Publication No. V\D

91/ 04356, pul¥NERenolecuigs idestribedobereimhinalediogbath oft thﬂaﬁ #tithophi n gene

may be expressed and urified utilizin ny nunmber q hods. _The gene
encodi ng the WPMPE@S‘I‘@ Dty | g@? faf crashend aBe mas &Eﬁ nto a-

b i al f
T ot pon. SR i8R LAY theakHinfily CRITE S eminGenii wilt? oiintE ©
t echni que V\haﬂtra‘ﬂ'd)m‘F foothd eNs ubgressin tiw@rnamancwﬂa ré&émbe,

biologically 5 active protein. For exanple, and not by way of limtation,
the factors may bin ranotiver ehiiodiment] Be enintadr maxled ovitib| derpoostratest or as

guani di i um AR SFavHIngnanRdIGAen af ifs GENTY oOF GrALR. By Bhehe
factors, conygnty ¢hdbrd 98 smgaegéﬁ&amgaa%hamﬁi{oqsmpsors may
| be used to assess the therapeutic properties of the modified CNTF
molecules according to the present invention. As described in
Example 4, hCNTF (GIn63—Arg) has a ten-fold higher ability than
15 recombinant human CNTF to prevent degeneration of photoreceptors
in a light-induced damage model of retinal deg'eneration.

Thus, according to the invention, certain amino acid
substitutions in the human CNTF protein result in modified human
CNTF proteins that exhibit enhanced binding to the human CNTF

20 receptor and therefore, would be expected to have enh—anced_
therapeutic properties.

The modified CNTF molecules useful for practicing the present
invention may be prepared by cloning and expfes’sion ina prokaryotic
or eukaryotic expression system as described, for example in

25 Masiakowski, et al., 1991, J. Neurosci. §7:1003-1012 and in
International Publication No. WO 91/04316, published on April 4,
1991. The recombinant neurotrophin gene may be expressed and
'hﬂrified utilizing any number of methods. The gene encoding the

23



1'0 interaction chromatography, reverse phase chromat ography or gel
filtration nma e used. According to the present invention, nodified CNTF
nol ecul es pr YHd18s described herein, or a hybrid or nut DECM/SAE2083 , Nay
be wused to pronote differentiation, proliferation or survival in vitro or
15 'R vivo of cells that are responsive to CNTF, including cells that
express receptors of the CNTF/IL-6/LIF receptor famly, or any cells that

express the apgeF nfdy b¥ $0BCIoheBNIRY CA ShAteARNBRPiessish vaREsY! i dirRth akor
exanple, in Davis, et "al.,1992, Cell 6:1121-1132. Mitants or F’bel‘l ds may

alternatively fort exampls bel Inodli by avayntafalitnigatior0 p&P tid.vi val . The present
I nvention may be used to treat disorders of an)égﬁigell responsive to CNTF or

the. CONTF/ CNTF recelh®rresempirant factors sy dgy edi beany dechnjgue

i nvention, dis c h 0 gNEEéI = F
receptor fam |§’h?n"g{/%é@§"?sq“ ég%egb%%%ﬁﬁlgoﬁ ezoef %re%t%’é_s’. lé):%c[ﬁ:{é of
such di sgrder sactive IprefRidut Faf &exahplel Erichot by e of Miitaiieg the

followi ng cells: |leukema cells, henmatopol etic stemcells, megakaryocytes
and their profpatotsomay belresoveredokorocelist eithersasosolubles protgias cuyass,

24 WO 01/ 12810, PCT/ US00/ 20432 adi pocytes, Kkidn epjtheljal cells,
enbryoni ¢ st entCHSIAN bedigs, fma}@?l“g{ tEQVI @aﬁg\éeﬁgt'?cﬁdcélqa@?'t%tﬂ‘@'y by

oLk "0 ot O RS RRSPAon KBRSy b NG ey

di sorder or di #hRadgctors,Nebreniivmalciors exchahgd ehiomatograpiygChydfophobigt of
the nodified CNTF, or a hybrid or nmutant thereof. The nodified CNTF

mol ecul 89 nay idetadtion; eGrqroatagraphydireveiser phapedehimalographyiceic gebed f or
CONTF in Internggl ol may be used.

According to the present invention, modified CNTF molecules
prbduced as described herein, or a hybrid or mutant thereof, may be
used to promote differentiation, proliferation or survival in vitro or

15 in vivo of cells that are responsive to CNTF, including cells that
express receptors of the CNTF/IL-6/LIF receptor family, or any cellis
that express the appropriate signal transducing component, as

 described, for example, in Davis, et al.,1992, Cell §9:1121-1132.
Mutants or hybrids may alternatively antagonize cell differentiation

20  or survival.

The present invention may be used to treat disorders of any

~cell responsive to CNTF or the CNTF/CNTF receptor complex. (n
preferred embodiments of the invention, disorders of cells that
express members of the CNTF/IL-6/LIF receptor family may be

25 treated according to these methods. Examples of such disorders -
include but are not limited to those involving the following cells:
leukemia cells, hematopoietic stem cells, megakaryocytes and their

progenitors, DA1 cells, osteoclasts, osteoblasts, hepatocytes,
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Publication No. W91/ 04316 published on April 4, 1991 by 10 Masi akowski, et
and foraggl FR conpl ex as described in International Publication

hb W91/ 19 gﬁ % shed on Decenber 12, 1991 by Davis, @eCTaBe2p2h of

whi ch are |ncorporated by reference in their entirety herein. Such

di seases or disorders include degenerative diseases, such 15 as retinal

degener ati ons, diseases or disorders involving the spinal cord,

chol i ner gi ¢ adipovytes, hkphmmrqmﬂhehahraeﬂs @mbliyosdc estent cblispreaas i nvol vi ng
not or neur ons, such. as rryotro hi @eral sclerosis or those of the
facial nerveMeSangialscells. " Tsce 'sé $eftC- di seases or disorders that may

Par ki neon' s di seaBgoolTaTngtsnPeveth dpaeon HEYHA e MBS 1), o
nuscl e at r opghigiesal gdtieht £ifeing Q\‘orﬁxé”Ghﬁ'F-f’@aﬁid/%féLﬁBIogkfﬁloﬁrC di suse,
met abolic stress, and nutritional insufficiency or froma condition such

afs nmusd&ul alr dd‘teIEntlatl(yn sdlsdrdnmprcmagemtm nlewma::]amalgenfsl anameari:rwltgl sease
25

?oxhn E‘ééﬁcia dsiisd G Shitool i Feod g TONTE, | BhaCAXy iy SBalalt Shed ?;,
2t abat os mettHERt ' e [RBHIARE CAYTR é??‘aé%aﬁzﬁ%afzﬂé““"%ne@d%%qﬂ;t

or -CNTF-r el aidigbrderscor disedeses rasbdestritied forENTFem Isterhdtiornal eat ment of
Huntington's disease. dutamate receptor nedi ated excitotoxicity has been

hypot hesi zed Pubnbcgﬂlqy No.r W@91f04ﬁllﬁepubb$h&ﬂ1mé@éhhe4=,aﬂ99b k¥ seases or
Ingalrjl):; hol ogf Mfg gtﬁp’aiﬁ?f W%T"I'ga%%ﬁ!’ domﬁﬂ@%ﬁc\/gege'gener ation
of the rmedi mmﬁdﬁalfﬁ%‘?&é&t&w NG, WRHEH/19808 UpubfsHéd on Bddber
12, 1991 by Dauvis, et al. both of which are incorporated by reference
in their entirety herein.
Such diseases or disorders include degenerative diseases, suc'h
i5 as retinal degenerations, diseases or disorders involving the spinal
cord, 'cholinergic neurons, hippocampal neurons or diseases or
disorders  involving motorneurons, such as amyotrophic lateral
sclerosis or those of the facial .nerve, such as Bell's palsy. 'Other
diseases or disorders that may be treated include peripheral
20 neuropathy, Alzheimer's disease, Parkinson's disease, Huntington's
chorea (Huntington’s disease or HD), or muscle atrophy resulting
from, for example, denervation, chronic disuse, metabolic stress,
and nutritional insufficiency or from a condition such as muscular
dystrophy syndrome, congenital myopathy, inflammatory disease of
25 muscle, toxic myopathy, nerve trauma, peripheral neuropathy, drug or
toxin-induced damage, or motor neuronopathy, or obesity, diabetic
obesity, or diabetes, including, but not limited to, non-insulin

dependent diabetes mellitus.
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substantial |oss of striatal interneurons (Acheson, A & R Lindsay.,

1994, Sem nars_Neurosci. 6_:333-3410). As described in Exanple 7 10 bel ow,
Appl i cants ha¥O ¥R8ct ed studies, using both CNTF and the RCIVEsas@s32
described herein, in an aninmal nodel wherein the preferential |oss of
striatal output neurons observed in Huntington disease, and the resulting
dyskinesia, are mmcked in rodent or primte nodels in which an NVDA

gl utamate receptor ROGAESEMbbYifeht)oOCNTFC ofCNTF r@lataderiotsbuled @dsbibed
striatum (DiFiglia, M Trends Neurosci., 1990, 13:286-289). In these

st udi es, . CNTF &edeint are wsedafarsthe tai@mendraft Buntingtongsi diseassposure to
ui nol i ni ¢ aci The  cl ose resenbl.ance of .the.a arance of th uinolinic
00 0] ol onad GlufamRtamreaSeiok: MiaaE: sxeeolMaR Tiis B ot biead:
uinolinic 20 [ t ' qaé.}g ; : esy in
gont radi sti nct?grfq%a% hrg%jg?erm gg@%ﬁl F‘Z(Fba |vér 9@‘2?%%8%5%%%5@8%&3’ of HD,

constitutges animsledingt fludtingtdn’s0disleakel (Thes pledesiimant aeurspathbhgical
di sorder. To date, human clinical trials using reconbinant human CNTF 25
(r HCNTF) have Heattre iofi Huntington diseasenife @emassive Weganaiationddfi thest rati on

anyot rophi c. | afES TGS Zaths PABAPIGE, STiRtal BuEbPdrots SNAFRNTE vas
ass0ci al ed vi { BusKGEE) 98 (5t SR FHEIRARBNETHIRRIPOASE ! L idshy.

i ncl udi ng cough anorexia and wei g ' oss, and, In at least one study, over

80% of pati ent 499d4¢Semivgrs HIdIFostty 6t388384 he)t rAs idestgibaalt inb&taamplethe
significance of which is uncertain. However, despite Erobl ens_wW th side

ef fects 1dhd antelyayApplieaatsohave wopdygiad studies. dsingehoth GNthandthe
stages of ALS JRRSAISUekBrBEA! NSRS ' GhARLY WAL ARTSetgtion 10 that
- preferential loss of striatal output neurons observed in Huntington
disease, and the resulting dyskinesia, are mimicked in rodent or
primate models in which an NMDA glutamate receptor agonist,

15 quinolinic acid, is injected into the .str.iatum (DiFiglia, M. Trends
Neurosci., 1990, 13:286-289). In these studies, CNTF and its
variants afforded protection against exposure to quinolinic acid. The

- close resemblance of the appearance of the quinolinic acid-lesioned
striatum to that of patients dying with HD suggests that quinolinic

20 acid, although it produces an acute and severe lesion in
contradistinction to the relentiess and relatively slow progression
of HD, constitutes an adequate animal model for this devastating
neurological disorder.

To date, human clinical trials using recombinant human CNTF

25 (rHCNTF) have been limited to studies wherein subcutaheous
administration of the protein was tested for its efficacy in slowing
the progression of amyotrophic lateral sclerosis (ALS). Such
administration of rHCNTF was associated with systemic side
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denonstrated a reduced rate of pul nonary function |oss conpared to placebo
treated pati ith simlar disease durations. Prelimnary studies
conduct ed bﬁg{@lzw&ants, using 10 intermttent, conpart meREEUSPL0432

adm nistration of rHCNTF into the CSF of ALS patients, have denonstrated
no evidence of systemc side effects or antibody formation. Such studies

I nvol ved the use of an infusion punp manufactured by Medtronic (SynchroMed
Model 8615/ Sffectsy inéAIding tdoumhs aderepda taricweighpllosyy &i%F, ishiatHeass 15

i mpl ant ed under general anesthesia, using St andar& techni ques (Penn, et

3}] ., 1985, ZPFESSWQY) .OV%@OE/elrﬁj 9\?@&9’% trgesiving sH “E%Mg?ﬂ?@ﬂd cat het e][

i , . . . Admi ni [ 1
to sy | T sLaathe ifisbiess, e Sifficand GoEME ds BRAHAR Der oas up
to f year inHowdvaratdespite WrobleMsSwitt) sl ssiiedsi and sastisbdiotfofmiagbhence

the range of adverse events seen wth systenm c rHCNTF administration. Side
effectd in tla sulpgmiupnof patients ot sady stagesi ot AbSpappeared: ta desivieent s

d headach in,_ . I | in . whjte bl | | d tei '
T e N TR A
25 ph Ki ' t I f d
b e T R R

unst abl e for ptaysbourateBNpatiohtss with tdimilapydistaser dutations. depot
adm nistration, since it tends to formcovalent diners 27 WO 01/12810

PCT/ US00/ 20432 t hPrelghinary stugias eondyeiesi by epplicarts, lusiagng to aggregate
preparidli on SBERRISn ROBRABIE TR ¢ HOPUNSURRGD: Of FFUGNSR ifia dbs
central  ner ueuse SYSAC'pidl Rk Mt ifatdt flo ARASHSH ot Fistathic side

effects or antibody formation. Such studies Involved the use of an

infusion pump manufactured by Medtronic (SynchroMed Model

8615/Series DAA) with a side port for sampling CSF which was

15 implanted under general anesthesia using standard techniques (Penn,
et al., 1985, 2:125-127). The pump was attached to a subarachnoid |
catheter who tip was placed at the L1 level under fluoroscopy.

- Administration of 1 to 8 png rHCNTF per hour for 48 hours each week
was tolerated for periods up to 1 year in four patients with ALS.

20 These patients did not experience the range of adverse events seen
with systemic rHCNTF administration. Side effects in this patient
group consisted of sciatic pain in two patients and headaches in one.
Elevations in white blood cells and protein were seen in the CSF. In
this study, rHCNTF displayed similar distribution and

25 pharmacokinetic properties to small molecule drugs such as baclofen
and morphine infused into the intrathecal space. Unfortunately,
rHCNTF is too unstable for continuous CNS infusion therapy or for

local depot administration, since it tends to form covalent dimers
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Applicants have inplanted encapsul ated BHK cells which secrete hCNTF into
t he subarachnqgi d space of 10 patients with ALS. Steady- state CSF
concentrati ons¥@M 1% o 6 ng/ mL have been achi eved. Al t hougtCTaiSeo/masi ent s
conplain of asthenia and fatigue, weight |oss, 10 anorexia and activation
of the acute phase response proteins were not observed. There has been no
CSF pl eocytosis nor increase in white cell counts. CNTF cannot be detected

i Lhe peri phenatoliiPRd. Lfipat8a S8 aieeRédauBeTehdmeoto olddregets moasures Lo

date are too spars to permt conclusions regar he | ack of
an 15 i nf | ammatformaties pamds eprecigitatioh. i nAgedrdargly, theengedgexistSNTér stable
synthesi zed by inplanted, encapsul ated cells conpared to that seen wth
punp-i nfused r Heeparatiogy o tGNTTFathathear e dddizedefors direetvinfysiopuif thel i very
of rHCNTF nay ”Q?e rel ateg t{) fornmul ation and stability issues

surroundi ng t hi® & (PRYCYS BY8®&'n. 20 Accordingly, based on aninal nodel

data dempstrating \fccolfitorafi6y ithNEbjsther et P! (diubiRRel! ARty e

agents for exitotoxic amage of striatal neurons In art recogni z
nmodel of Hunt iApplizanss disveafaplameti erchpsulatedp BHIC aoalls’ whiltts s@ceete t hat
the side effects and antibody formation observed using system c 25

i nj ection of CNMENTENNkR the Aukaraghneid) sragey obr1CRptiepts With (8. ardteady-
reating Huni RenCorEBRceEPtchs B Brcic BT sieSBogh e,

contenpl ates deliiRigh @i PYEEN® confplid oRMAsthéni£ drd/ fhﬂ?@e,t bRighi\fogd WO
01/12810 PCT/ US00/ 20432 via inplanted cells or cellular-Tike vesicles,
such as,1@or exngrexia ahdpactivation ofitbé acuiecpbaseiTEsponserpratéingl wereCNTF

variants as described herein, which have i oved stability and solubility
as conpared tdoteserypdyithergyhas beep W%r(rrg# RICORHOBIS, n'a':a\(n%m o

white cell counts. CNTF cannot be detected in the peripheral biood in
these patients. Resulis of efficacy measures to date are too sparse
to permit conclusions regarding efficacy. The lack of an

15 inflammatory response to hCNTF in patients receiving rHCNTF
synthesized by implanted, encapsulated .cells compared to that seen
with pump-infused rHCNTF suggests that the changes seen following
pump delivery of rHCNTF may well be related to formulation and
stability issues surrounding this particular protein.

20 - Accordingly, based on animal model data demonstrating the

| efficacy of CNTF and its variants as protective agents for exitotoxic

damage of striatal neurons in an art recognized model of
Huntington's disease, combined with Applicants’': discovery that the
side effects and antibody formation observed using systemic

25 injection of CNTF can be avoided by delivery of CNTF or its variants
directly into the CNS, applicants have discovered a useful method of
treating Huntington’s disease. Accordingly, applicants invention
contemplates delivery of CNTF or its variants directly into the. CNS
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5 CNTF via, for exanple, osnotic punps, into the CNS as described above.
Because thev&(?ﬁh??li ity of rHCNTF in solution at body tenperature
interferes w 1L abil i ty to be chronically adm ni st er Bel/B3002¢482 at hecal
or intraventricular infusion, the variants of rHCNTF descri bed herein are
preferred for such uses in 10 view of their inproved stability, solubility,
and decreased antigenicity. Accordingly, the present invention

cont enpl at es vikaninpliriedl cefSNidr velllar-NReOVEsicRE, UdidH tas, t fuit era@mphe used in
therapeutic applications where infusion, via, for exanple, osnotic punp,
is used 15 t §pasomes, which seciigte GINTRol ABernatiyelt, Chlgdniviariants @$man CNTF

rHCNTF) is very.limted,in physiologi.cal bujfer...e. g.,, Ph at e-

(Buf fer ezj- Sal Fﬁé‘,Y'r“B‘l"-F ﬂQfe(rPB&'.‘é/rFm%gl"HﬁF%",e({ ﬁga@myu%inﬁ WP@QV 8 |east
the 4.5-8.0 CPPFS I ﬁmﬁ I he tine
of incubatio%&h{ﬁgﬁ,ﬂt he sdl Et‘?ﬁa?yy'&éff&rﬁm I n %@jifgr ?@Ye%/‘% and the
sol uti @n i s SINIF &id,Ofor aexapplBowsmotielpumps3Tifiol the CNS wiei desotibert only 0.1
nmg/ M after 2 hr and 0.05 ng/m after 48 hrs. This |[imted solubility and

ther mal st abBbpve. pBecaust: the instability ahaHENGR ibr selutinray Rogyysi ol ogi call
buffer. Such, fornul.atiaon are particul arl. sirable for continuous

adm ni strati B%r“Pﬁf%}“f%e'_“%%efﬁﬁs.W‘F'? &%s%b'é’c%eb&d q]ﬁ%rt“cta’—%\ﬂ'F | acki ng the.
| ast 13 -am ngdafihidtere®dS iU GtrhtHyBal Ner Gatra®shtrictdr (iRtidIBh, 4R&3 al so
designated RPN160 or 60) retains full biological activity and is

sol ubl e at 29alént8lofl AGCNTICHeEAHEA (HETRIn laosy prefereedhfor sacl5-udes) it o at

|l east 12 ng/nm. Yet, despite this far greater solybility, rHCNTF, 4C13
still 101 s ¥iaw #f y‘?‘BS“!RfPM?Qoﬁtam'ﬂHn ?‘ﬁ@ﬁ'ﬁ%i Bﬁgapeg r a period of

several hour anti%\é%ric%

Accordingly, the present invention contemplates variants of
CNTF with improved solubility that may be used in therapeutic _
applications where infusion, via, for example, osmotic pump, is used
15 to delivery the drug. The solubility of recombinant human CNTF
(rHCNTF) is very limited in physiological buffer, e.g., Phosphate-
Buffered-Saline, pH 7.4 (PBS). Furthermore, the solubility over at
least the 4.5-8.0 pH range depends strongly on the temperature and
on the time of incubation. At 5°C, the solubility of tHCNTF in PBS is
20 1 mg/ml and the solution is stabie for a few hours, but at 37°C its |
solubility is only 0.1 mg/ml after 2 hr and 0.05 mg/ml after 48 hrs.
This limited solubility and thermal stability preclude stable
formulation of rHCNTF in physiological buffer. Such formulations
are particularly desirable for continuous administration into the
25 - CNS.
it was discovered that rHCNTF lacking the last 13 amino acid
residues from the carboxyl end (rtHCNTF,AC13 also designated
RPN160 or RG160) retains full biological activity and is soluble at
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concentrations as lowas 0.1 ng/m. 5 1t was determ ned that the thernal
instability of rHCNTF and rHCNTF, tCl3 was the result of aggregation that
was initiatedM3023$er ol ecul ar di sul fide bond formation ardrispewded
strongly on protein concentration and tenperature. By replacing the single
cysteine residue at position 17 of human CNTF with an al ani ne 10 resi due,
proteins were obtained that show far greater stability and mnmaintain their

bi ol ogi cal tiNd, t ' ' t ' aat C.
Thi's proper (y (O EIREEUEH T QR IOCH BagTFe mbymdly Xk, O3B i

potency due tofdrhgréatest sblubilitp, AHCNEF, ACYBastilndallcDLAUSH at PBSSisolitibrb3 by
arginine. In a particular 15 exanple, rHCNTF, 17CA 630QR, 4C13 (al so

desi gnat ed RG20@dn showvatiay eat3#*Coovkp@ peatiog dfeseyerahdoursjCelién ketcause of
the 63QR substitution, greater solubility because of the ACl13 del etion and
greater stabil FPRceHEations @s law as @1 stE™ .t uti on. The present invention

ciTect Ve amount - oftakA® adterRined nat lod elel unflaned, b THEATEE; GB0' ¥

anounts of CNT, ﬁ-l@rTNﬂf,SAdf‘éiv@@é Stheafé?s@”gf‘r%?a%\ﬁﬁéh Rt Wad ﬁh'gat%oebgysng of

the progression of the disease, or o on in the side-effe

associ ated w t {htéAfoleduffaaRulfide Hird JefMatdn LA IdQENTRIY stivh dreasured
by 25 conparing the effect of the treatnment as conpared to controls which

recei ve no treptateift combentratiancand cemmparature. By uiepladingt they singleHD have
Aon Neur ol - 20CYBIN 551 Blr iy PARIORo ol hean' SoRTe Wity 28 afanine 7
R e SRR e S Bl S e OB Bl B,
maintain their biological activity after incubation for at least 7
days in PBS at 37°C. This property is maintained in rHCNTF,63QR
variants which have higher potency due to the substitution of the
glutamine residue at position 63 by arginine. In a 'p_articular
16 example, rHCNTF,17CA,63QR,AC13 (also designated RG297) shows
greater biological potency than rHCNTF because of the 63QR
substitutidn, greater solubility because of'the AC13 deletion and
greater stability because of the 17CA substitution.
The present invention contemplates treatment of a patient
20 having HD with a therapeutically effective amount of CNTF or the
variants described herein. Effective amounts of CNTF or its variants
are amounts which result in the slowing .of the progression of the
diseasé, or of a reduction in the side-effects. associated with the
disease. The efficacy of the treatment_may be measured by
25 comparing the efiect of the treatment as compared to controls
which receive no treatment. The clinical course and natural history
of HD have been extensively characterized both in field studies
(Young et al., 1996, Ann Neurol. 20:296-303; Penney and Young, 1990,
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at, 1989, Quantification of Neurologic Deficit, TL Munsat (ed)
Butter\/\orthswa%(}]iﬁﬁﬁ.; Feigin et al., 1995 Mvenent D sorders 5

10: 211-214), "an di ographi c correl ates of di sease progr @TUSM/204821 Ng
conputed X-ray tonography (Terrence et al., 1977, Neuroradi ol ogy
13:173-175; Barr et al., 1978, Neurology 28:1196- 1200; Neophytides et al.,
1979, x:185-191; Stober et at., 1984, Neuroradiology 26:25-28); magnetic

resonance i mgbvdmet abisefdsts H93199), 199 2devisiépmenelsiokiiniédl tafidg 1167) and
positron em ssion tonographic techniques (Harris, et al., 1996 rch.

Neur ol . 53: 3imgstrgnents (Shoulsan and ifahnof197%: Neutlegyi2diidl; Shqélisngt enh's

di sease has e ssessed, usi ng t HD Functi onal. paci t cal e (HDFC) 15
devel oped by aghsgﬁgon%qﬁ%‘oglgcg\!e% Ot E';tﬁ;'%g'f b Munﬁéhf?&)nal pati ent
receives a s téd 5. ; cor

disability S%{thesrg’%rétg 2?1 :iqffSSfég'aﬁ?i%'cat?lg%é\’ g?m;ﬁééﬁg@)%éc ficit, TL
Minsat §ed) Bg:Petwaa)hamty kadibgraghic corelaags oﬁtceseﬁ_s@;megm'ﬁm of

patients using this scale is 20 approxinately 0.65 units/year. Shoul son et
al ., 1989, Qu8ing computed XuryNamaegraghy (Deriesice, etralaityat, (ed

)
h - 284 el . 99 ' d 1 211-214.
i thi s scal MaLofadlpleoy 1737 iBE foals WP INRLOIoRY 541 0est o),
this rate of 1RpRYNGSSHIRidMRY L éi.,rfmg%{;‘:g%cﬁév- Gibbel ¢ 41688 20 year

25 duration *of synptoratic-HD in pati HDFC scores can be roughly

grouped i nt o Neurbradiokdgys 2825-283h mpdgretice resonanced 3hagag(Graftoat éon  of
Neurolg&i c Deficit, TL Min at'pﬁjg&é Butterworths 271-284). 31 WO 01/12810
pcT/ uddd/ 20480 NEF20i A NeWr J1840E16 O @86y PASITOR” @MISSionat hol ogi cal

consequences yof JBEHIR e chfled (HERIRS SHUEN! RIdePRYCH NBARS! 53:316-
 324). | o N
Clinical rating of the progression of Huntington's disease has
‘been assessed using the HD Functional Capacj'ty':Scale (HDFC)

15 developed by Shoulson and Fahn (1979, Neurology 29:1-3). A fully
functional patient receives a score of 13 on this scale; a score of 0
reflects total disability Shoulson et ‘al., 1989, Quantification of
Neurologic Deficit, TL Munsat (ed) Butterworths 271-284. The
average rate of 'progre.ssion of patients using this scale is

20 approximately 0.65 units/year. Shouison et al., 1989, Quantification
of Neurologic Deficit, TL Munsat (ed) Butterworths 271-284; Feigin'
et al.,, 1995, Movement Disorders 19_:211-214. If this scale is truly
linear (an hypothesis which has not been tested) this rate of |
progression would correspond nicely with the average 20 year

25 duration of symptorﬁatic HD in patients. HDFG scores can be roughly
grouped into 5 clinical stages (Shoulson et al., 1989, Quantification
of Neurologic Deficit, TL Munsat (ed) Butterworths 271-284).
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ganglia structures. As HD progresses, the caudate nuclei shrink, giving a
characteristic "box-car" appearance to the lateral 5 ventricles. The degree
of caudate at PUPMIZBUn be quantified using a "bicaudate i ndetiusodegsetic
resonance inmagi ng nmay be used to generate simlar indices to those given
by CT. Arelatively new technique, in vivo NVR spectroscopy, however,
offers the ability to assess netabolic 10 processes within the living

brain. One prelimngr L J | NS . I :

43: 2689- 2695 has deRelEhtbing n“?pé%eﬁag%fﬁﬁpse%%gﬁggf:\l@@% g?%&l%g'ﬁ%bl y
reflecting eitiehséQuenttd) of ¢ldurbRaiSioss and doheequent iatfophiyel bayal
metabolism in the brains of HD patients. Positron Em ssion tonographic

(PET) pernits fgangtiacstaictunes.i mhg)ilp progressas,fihensdudatd inuctey ghwinkent s.
Changes in netabqglic state can_ be assesrged usi n% Z-geowﬁgl ucose (which
reflects synap@iingagt FOREANtEnNglic sHox¢ar capPReRANCHAs i Rur k sel ect ed

neur onal g popu .&géﬁ T- LN t r@}ﬁ 0 P Sisi
met abol i 55m angehgula ‘e g‘%?%%e&s%%@"é@ ?tlrgéh)?or E)r?t ﬁHg"lgon s%glms%gse,

G afton 20 et #&bicaudatd2ingexeh' Neurol. 49:1161-1167) eval uated 18 persons
at risk for Huntington's disease with two positron em ssion tonographic
gl ucose net abol i ¢ sMagineticarasonancesighaging meyobendsed itoegpnesate: similar
separated by 42 (+1- 9) nonths. Sev of , the .. individyals.were Hunti n'
i Sance gene niRfliEes, 8 tRES AHER RLL 125 AxPlRtiyee nES RIS, e b B
testing or ons a st AYAPTPMN g 520 Soh Al group
denonstrat ed aggfg{l\?%l@@a)ﬁt thﬂelrbsdgfwgfﬂg% l?)(?(')lét ﬁoeta os%c%%‘thégggr year in
t he cauddl e nuprecsssessWithtorthedliving brairs vOnd @relimidatyd study. 4¥enkinspated
with the gene 32 WO 01/12810 PCT/ USO0/ 20432 negative group. There was a

3. 6% per year Bherl®93e Neunolegy#43i2682-2695 has detected an increased amount

of lactic acid, presumably reflecting either neuronal cell loss or a
defect in intermediary metabolism, in the brains of HD patients.
Positron Emission tomographic (PET) permits functional

15 imaging to be performed in living patients. Changes in metabolic
state can be assessed using 2-deoxyglucose (which reflects synaptic
activity), or selective radioligands which mark selected neuronal
populations. To determine the rate of change of glucose metabolism
and caudate size in persons at risk for Huntington's disease, Grafton

20 et al., (1992, Arch Neurol. 49:1161-1167) evaluated 18 persons at
risk for Huntington's disease with two positron emission
tomographic glucose metabolic studies and two magnetic resonance
imaging scans separated by 42 (+/- 9) months. -Sevén of the
individuals were Huntington' disease gene negative; the remainder

25 were gene positive by genetic testing or onset of chorea after study
entry. The gene-positive group demonstrated a significant 3.1% loss
of glucose metabolic rate per year in the caudate nucleus (95%

confidence interval [Cl], -4.64, -1.48) compared with the gene-
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~resonance i nmagi ng bicaudate ratio (95%d, 1.81, 5.37), a linear neasure
of caudate "?hr"flﬁﬂy" However, the rate .of change in caudate size did not
correlate wi € rate of change in caudate 5 netabol i smPCIASo20Ed2Ng t hat
nmet abolic | oss and atrophy may devel op independently. Thus serial positron
em ssion tonographic or nmagnetic resonance inmaging yield rates of |oss not
too different fromthose observed in clinical rating scales (approxi mtely

Stper | year nagafiesyelg) Trafd wdwia wé.ggesﬁfé‘éwlné@%’g iRn&Mhafnfie TN L Or

10 experi nmental™ phar ogic interventi n presy I'vi dual s
at risk for HBsshangel imagimge bicaudate satie (96% dbicd.B9, S.37prapdingae such a
patient population. In addition to glucose netaboli ¢ mappi ng, other

radi ol i gands M@asurgeof gaddate asapysr Hewpyen | thentadgrofi ghange Mpcapgdate

exanple, sin i nt.r L nsi tr. ' r gns [ch a st in HD
uniformy be%?zedé]g%m&&zéléggﬁ'wttﬁ%d%g%s&f gpg\%é B "HH#@ receptor have
been used t gngRBoiSH, t g{&isﬁgrm'ﬂ@tﬁomos@aﬁa trdh§Sma! uadsx%g show
a parallel reduction of h striatal D1 and D2 receptors’in HD patients
(Turj anski etindépenderaly, Bhus rsetibd: pEdtropcemissioni tamoegraphialoyl i ¢ and

neur ocheni cal findings have been _obtained in PET studies of prinmates

treated with RRIMNG fesonance imaging vielfi rtem obleshdat 1o gifferepioos, Exp.
Ne | . 125: 4%; ; | ' i WaF" [ h
Striata of 3ianttheskCBBICRRd: IE Giinlcal BihEIscaRd. (T BRAbRP 60 Hor 10 ¢

di sease 25 cqyulf Videl supardaid tHOSafaY D @Rl imeaRSIBIEWhicttd bATRIS
showed a long-term 40-50% decrease in glucose utilization in the caudate
by [ 1dF] f | uexperimprntal -phaymac)egisodntarvenions sinopresyoptamayic( PET) .
Caudat e put apeg bpLake rate conghant s Loyl 658R1 BhSalhhsg g 33 VO
incorporate such a patient population. |
In addition to glucose metabolic mapping, other radioligands
may be used to monitor striatal integrity in HD.. For example, since

15 intrinsic striatal neurons which are lost in HD uniformly bear |
dopamine receptqrs,_ ligands for the dopamine receptor have been
used to monitor the:progression of HD. These studies do indeed show
a parallel reduction of both striatal D1 and D2 receptors in HD
patients (Turjanski et al.,, 1995, Brain 118:689-696).

20 Similar metabolic and neurochemical findings have been
obtained in PET studies of primates treated' with quinolinic acid in
the striatum. Brownell et al., (1994, Exp. Neu'rol.ﬁa:41-51)_,
reported that, foliowing a quinolin_ate lesion of the striata of 3 non-
human primates, symptoms similar to those of Huntington's disease

25 could be induced by dopamine agonist treatment. All animals showed
a long-term 40-50% decrease in glucose utilization in the caudate by

" [19F]fluoro-2-deoxy-D-glucose positron emission tomography (PET).

Caudate-putamen uptake rate constants for D1 receptors refiected
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neuronal | oss and decreased by an average 40 to 48% Dopanm ne reuptake
sites and fibers assessed by PET showed a tenporary decrease in areas with
m |l d neuronal WOY4288d a | ong-term decrease in striatal regcorasomiose
severe destruction. These results, which 5 were consistent with behavi oral
changes and neuropat hol ogy seen at postnortem exam nation, are simlar to
t hose observed in clinical studies of Huntington's di sease patients, and

serve to additphanalday rl]%%@%hﬂﬁ'&urégg?dﬁ]%{n%i 'el?iaiéi?gﬁg fE)‘ASLVa boﬁ%@i%’gge“

that these neastres unan ¢ trials. i ni cal

trials in HD heapthRe ostes BAREfiDarg Assbsisedt by PETssisowedta eémpatdryat i ve
synptomati c therapies for psychiatric synptons and involuntary novenents
(Shoul son et adecree@@lin axeas ovitlyymild:newpnabiess @and ahlong-teim decrease

the use of 15 FhaiEREH. regiengAvishr BeURHeD CERHATIOn o Nes 1ovultEhabpieR har -
this agent woyloradiaecal ARl T ShaE SRE! heQRIaIRbRby Le5q 4! <

in the striatum y retarding the progréssion o on et al.,

1989, Quanti fi pattraorten Naansination, Raéi sinbilarTto Hoseaiobsethedunt elinveal hs
271-284). The outcone of this trial was 20 negative, in that o
bacl of en- t r eat studieg i @hi-intingéen'acdiseaser patiemts, ciid ragrye olpe @ddiféiorsdiynont h

For the use andeidfBaind GRIRAITR AcidpPedely nf aBideat: oy, 08 oatfisdss Lay
Vo onr onnc Y YR°SF uoboF stingh SARSAIFRREeSS! o [ e Stuy ub ect
This inflé mati on n@jinica thigisusre HDnhave idegelgnbeén flimiled tol the cal trials
using this ataisggssirgsetn{ u&e rgélligt?ve\/\osyonl\étlozn%gcP&\Tér]é%)?gsmf%?4g§ychiatric
symptoms and involuntary movements (Shoulson et al.,, 1981,
Neurology 29:1-3). However, there has been one attempt to examine
a potential neuroprotective agent. This trial invoived the use of
15 baclofen, a GABA-B receptor antagonist, on the theory that this
agent would reduce glutamate release from corticostriatal
terminals in the striatum, thereby retarding the progression of HD
(Shoulson et al.,, 1989, Quantification of Neurologic Deficit, TL
Munsat (ed) Butterworths 271-284). The outcome of this trial was
20 negative, in that baclofen-treated patients fared no better than
controls over the 30-month duration of the trial. WNonetheless, this
trial provided the proving ground for the use and validation of the
HDFC. One important outcome of the study was that the intrinsic
rate of disease progression in the study subjects was only one-half
25 of that originally estimated by the investigators. This information
may now be used in the design of future clinical trials using this

rating instrument.
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Currently, there are no major ongoing clinical trials in HD. However, a
~clinical tri@é%,? g‘ﬁni zation, the Huntington's disease Study G oup, has
been organi zed "an as the infrastructure in place for tPeT@Somhegs2 of
clinical trials in HD. This group is currently 5 investigating a variety of
clinical trial options including 1) the use of Coenzyne Q to enhance

I nternmedi ary netabolismand 2) the use of glutanmate antagoni sts and/or

gl utamate rel easechiRmkPr héN/ ar&%&%hsfoz,orwiﬁggﬁg\;ﬁw&Qﬁtmﬁ)- A

paral |l el group has been” established i n Europe, is group Wil be
usi ng PET netHowevergya Idinicalekriais nerganizationg ntheal Hertingtanls afisdaxenl
striatal inplants and, event ual‘?/ use of xenqgraft transplants as

., _1he )
vel | . The avaliHdpiGroup, dyas,bean; rgapized and has the infgastruetuieminblaggd t he

exi stence of | 8L radj phi agW €St ' e

progressi on |f§1'olil-‘ﬁ€ @%ﬁ%e‘g é\%\'ﬁﬁ{‘ﬁg’t ﬂ?aaqséﬁsﬁyﬁczntg% Q‘Sqigjfzse,ﬁfg&g&gani zed

mul ti cent er wéytrgalnnpr haVariegNY?" EliricHl kfiaMBPfons "RIcRIEAEaY ) QHeOHsé' I ni cal
trials in HD strarghtforward. ~ Applicants describe herein the production of
a nodi fi ed CRFComnzyme € terewhance ntermsedaryametabolistosanmh&)ethhe use of

r HCNTF, 17CA63 C13) which caonbin a . 630 +R substitution whi ch
confers gr eagﬁémaa%ogﬁ?gpnﬁdﬁe'ﬁe@;’w‘#@ atfe|rgt]q_a(§§| oé'??éstég’m'( na: 13

am no acid regy | r &0 inlof t galysi ol ogi cal
condi ti ons) Z%&gﬁ§%gﬁh§%@@ﬁ%§h Ac%ﬁ%e"%‘s déf?lé'gﬁlqﬁ y, parti cgl arly

under physi olestamiehedqndEtg\?Paﬁ aid thisCyroupdwilh @asusing- PEOntkthedbdiogy
therapeutic i ndex than rHCNTF in 25 an ani mal nodel. However, when
expr eddld i nteE examine ihe patential efficaey tofofelal stHatalx pnplasdsl andt ei n

produced, |5 RRRGEkIY, Yhe e o6 RaRpbIAT, Harkifartel BEIMAIS, , o0aUe O 11,
untagged 35 The availability of a validated clinical rating instrument, and
the existence of correlative radiographic measures to assess
disease progression in HD, combined with the existence of 2 large,
15 organized multicenter clinical trials consortia will make
implementation of clinical trials in HD straightforward.

Applicants describe' herein the productidn of a modified CNTF
molecule, known as Ax-13 or Ax-1, (designated
rHCNTF,17CA63QRAC13) which combines a 63Q—R substitution

20 - (which confers greater biological potency) with a deletion of the
terminal 13 amino acid residues (which confers greater solubility
under physiological conditions) and a 17CA substitution (which
confers stability, particularly under physiological conditions at
37°C) and shows a 2-3 fold better therapeutic index than rHCNTF in

25 an animal model. However, when expressed in E. coli, a substantial
portion of the expressed protein produced is tagged with a
decapeptide at the C-terminus. Because of this, purification of Ax-
13 is difficult and results in a low yield of purified, untagged
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WO 01/]28] 0 PCT/ US00/ 20432 product. This decapeptide tagging |ikely does
not occur when the Ax-13 is expressed in a mammalian expression system 1In
addition, it WM"Y p|e that'the decapeptide tag coul d corRCTIUSOW/EN320

i ncreased i munogenicity of the nolecule and may al so possibly cause 5
problems with stability. However, use of the E. coli expression system

woul d be preferable fromthe standpoint of cost and efficiency: Therefore,

applicants und t ; li F I vheotHed
retain the i m%é@%po?g%ﬁﬁbggﬁﬁgg?ﬁtﬁgggﬁg I@gbfi?l@% ﬁo&f’)‘?‘gﬁerﬁ es of

Ax- 13, while awx-ti3rig ¢lprepsed! ianaomanmnalieptexpressiaggsysienhenineapditised i n
E. coli. As described herein, applicants_ have succeeded in producing a

nol ecul e known itais Ressible (thatitheatesapepiisier tag7epgidorentriutenis increasadns

the i nproved properties.o +13 | o.has e ad dvant age
of being expreé@gﬁ"weﬂ\c'{! d@éh? Wo?%éqléha%iée]d%éim?"ggaB%%s'P@ggg@?%g added.
The new npl ecul | 15t e has the advantage of being nore easily
purified wt hpg“’gre?ﬁ e?"tyi E‘g.ﬁlﬁgdi tionally, because there is greatly
reduced bacterial BHoweveacuse tafgthenf. chli- éxpréssionsystean skouldebeoncern
with regard to the i munogenicity or stability of the nolecule that could

20 be rai sed bypreierae fnegy dher standpoin) eftcast” and effisianay. i nlkereieNie.is to

provi de an i npr | £ Ll u r ' r l.equl

B ovt e 2! TRABHESEDAhabASaF ] BeaBls iee CRE mARRERLNR 1,

neur ot rophi c f qEdig F&&Irﬂghéhﬁnméd GteAsy, Cselubi %,ndzitéi)iﬂﬁ?' ~Arg, and

a deletion of the termnall5 am no acid residues. he present “i nventi on

~al so prdvd des fpoopemtiessof dxed 3pnuwhite cavaiding tive cenobdéeran ob dieaapepdideodi fi ed
human ciliary neur.otrophic factor of _the inv ntci on.. Al so contenpl ated by

the i nvention itgggngewgﬁgiwpssed in E. coli. s described herein, applicants

have succeeded in producing a molecule known as Ax-15, (designated
rHCNTF,17CA63QRAC15), which retains the improved properties of
Ax-13, but which also has the added advantage of being expressed by
15 Mﬂ with reduced amino ac';d tag being added. The new molecule,
Ax-15, therefore has the advantage of being more easily purified
with a greater yield. Additionally, because there is greatly reduced
bactérial amino acid tagging, Ax-15 does not raise the concern with
regard to the immunogenicity or stability of the molecule that couid
20 be raised by Ax-13.
| Tﬁerefore the object of the present invention is to provide an
improved modified ciliary neurotrophic factor molecule.
Specifically, one embodiment of the invention is a modified human
ciliary neurotrophic factor having the modification Cysi17—Ala,
25 GIn63—Arg, and a deletion of the terminal15 amino acid residues.
The present invention also provides for an isolated nucleic acid

molecule encoding the modified human ciliary neurotrophic factor of

the invention. Also contemplated by the invention is a recombinant
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36 WO 01/12810 PCT/ US00/ 20432 DNA nol ecul e that encodes the nodified human
ciliary neurv%hgﬁmoc factor of the invention and which is operatively

| i nked to an expression control sequence, as well as a hoB3E€T/H8M020432
transfornmed with the reconbi nant DNA nol ecul e. The host cell may be
prokaryotic or 5 eukaryotic, and therefore may be, for exanple, a
bacteriumsuch as E. coli, a. yeast cell such as Pichia pastoris, an
insect cell NA msldtuteldhatencbdesi ther duditied shuraanatiliary oeurotsoptiicas a

COS or CHO cell. Said host cell be used in_.a nethod, for producing the
modi fied cil ?%Frfw Rluthg iRysTtion 3853%'“!?3! &2 AReratlyely; Unked f?afy'? 10 grow ng

t he host cel r i r ' t he..

i nvention solef( hé&tﬁ@ %o&%&&lﬁ?\g}er g&g%@%gegf)ﬁlég t t@%léeﬁ%éﬁogﬁélpfi ?’é)th
produce the. th@detomBirint BNA ARIEAIE.O0PThe Howtt 8l m@) peUbpI@iyétheor

I nvention and (b) isolating the expressed, nodified <ciliary neurotrophic

f act or 5nol eceukarybticTandsthgrefore imay rhe, dor faxanh@le, @obactesium stich as E.
conposition _cgnprising the nodified.ciliary. neurotrophic factor nolecule
of . the invERH; ﬁhy?%@&@[‘?u%&samb ' s{oy t%r‘""‘&fﬁe‘ﬁﬁl SHCR RS pr esent

i nvention is rovid ; o] | | ' r of the
ner vous. syst SpodBhie fBindid tr atnalirhaldr el sEf 58 (COSbOEHS
neur ot r ophi ccéict Saiddrest célbdndiebei ased ifva hethdtefodiprodaeingrthdi sor der

treated may be a degenerative disease and/or involve the spinal cord,
not or neur ongoditied| citiaryineuretrophic Jactas) molgeulen somprivipandasd .

i sor 08t o BrsetnGs oE Rkt S SERHRe, Wt el BecdrBRERBRA. "her voss

system causehdidc@a &t/ iﬁ?érﬁﬂneg?fthﬁfntﬁ@qmll\oﬁmé&ﬂéi 8! bRsreRbed B MR,

surgery, infarctiron, i1nfection, malignancy and exposure to a toxic
the host cell to produce the modified ciliary neurotrophic factor

=

molecule of the invention and (b) isolating the expressed, modified
ciliary neurotrophic factor molecule. |
15 " The subject invention further contemplates a composition
comprising the modified ciliary neurotrophic' factor molecule of. the
invention (Ax-15), and a carrier.
Another object of the present invention is to provide a method
of treating a disease or disorder of the nervous system comprising
20 administering the modified ciliary neurotrophic factor described |
herein as Ax-15. The disease or disorder treated may be a
degenerative disease and/or involve the spinal cord, motor neurons,
cholinergic neurons or cells of the hippocampus. Alternatively, the
method of treatment may be for treating a disease or disorder of the
25 nervous system which comprises damage to the nervous system
caused by an event selected from the group consisting of trauma,

surgery, infarction, infection, malignancy and exposure to a toxic
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37 WD 01/12810 PCT/USOQ 20432 agent. Also contenplated by the present

I nvention is %Y(ﬂgt hod of treating a disease or disorder involving nuscle
atrophy. A fur V‘zﬁlﬂj ect of the present invention is to pr@®aTaIses204seet hod
of protecting striatal neurons from degeneration conprising 5 treating
said striatal neurons with an effective amount of the nodified ciliary
neur otrophi c factor described herein as Ax-15. Al so contenplated by the

present invent| | S r eatd.ng ﬂﬁgnk ¢ | Seé I si ng
di rect adm ni sngﬂ'onﬁitsg%ﬁgng{el%ebaﬁgn@rgvgus sygﬁ{e@nﬁtﬁn S%Zfﬁ%hﬁae f
ciliary neurot frealihg a0diseeker ofafisordeedinbelving maséle- bropAyf urther obj ect
of the present invention is to provide a nethod of inducing weight loss in

a manmal conpri si ngA futheri objest i afntheo pregemtainnention ishdo npdivideed® ciliary

trophic f described her ej Ax-15. A i fic enbodi nent. of
Uhi's. 15 1 nvent BrAnoRy BF VaiSteing Stgathl Bpirtngs trd BSGkneuict Sonitiindor

adm ni st eri ng : | ithe A eMe I GO Ly or
obesity gf a gﬁ%gg'ﬁgg?%@%@%?ﬁ H}lééu(!b“gr}ngtlrhn.%hme Xgpﬁggg@s[@rtiﬁgﬁh%erei n nay
al so be used i madified hoilapf neurewephicJactul/ destribedi herdiheascAnstsnce of

gestational or adult 20 onset diabetes in a human. Any of the
above-descri bed net Ats@s contesnplated thye thexdireseat innantionois ax mahadyobe

practiced by RELika! AR iinded Aadali Hlod hbhkeaR e o
L orne oe] W, SR, RN 1 198 kR SRERY hrovoetic, o,
t hat refll@ase t fectondidsceithedi hiesgin asuArit&phi c

A further object of the present invention is to provide a
method of inducing weight loss in a mammal comprising
administration to the mammal of the modified ciliary neurotrophic
factor described herein as Ax-15. A specific embodiment of this

15 invention involves inducing weight loss in a human.

The method of administering Ax-15 may be used in the
treatment of morbid obesity or obesity of a genetically determined
origin. The Ax-15 described herein may also be used in a method of
preventing and/or treating the occurrence of gestational or adult

20 onset diabetes in a human. .

Any of the above-described methods involving the
administration of Ax-15 may be practiced by administering the Ax-
16 via a route of delivery selected from the .gI'OL'Ip consisting of
intravenous, intramuscular, subcutaneous, intrathecal, -

25 intracerebroventricular and intraparenchymal.

Alternatively, the Ax-15 may be administered via the
implantation of cells that release the modified ciliary neurotrophic
factor.
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factor. 38 W 01/12810 PCT/ USOQO 20432 The present invention also
contenplate%g?hﬁég@es or disorders resulting fromdamage to the nervous
system wher h damage may be caused by trauma, surBEFPS00R2p3ar cti on
i nfection and malignancy or by exposure to a toxic agent. 5 The present

I nvention al so provides for pharmaceutical conpositions conprising a.
nodi fi ed CNTF nol ecul e or hybrid or nmutant thereof, as described herein,

as the. sol e therfheUsesent GAverttion idls contdmplatel t disbASeS N disor@disor, in
a suitable pharmacologic carrier. 10 The active ingredient, which may

conpri se CNTPsitingdromodamage toNWre meneeus systemc wheseinhesueh damaged be
formulated in a ,sui tabl(gq%hirnaceutical carrier fqr,adm nistration in vivo
n'

by any appr BI#Y BPeCRURR i gSUIgeFY.n Bifasation, dafection,apdpar enchynal |
intraventri Cma?ibnﬁﬁci oyt _rgfeer@ggpree% rd ¢adi@radglti very, or by a 15 sustained
YuJ. ng

rel ease inplant, 1rnc a cellular or tissue inplant such as is

descrilged, for expnglsresent (nbéntidrehlse pProvitiesofor Whaemadedficaubl i shed on
February 1, 1996, W95/28166 published on Cctober 26, 1995, or W95/ 505452

publ i shed FeBPWROpitEns comprisme anmastfies GNTRemaleruler o drbHASEF ati on, the
ootV 20, ARE el AL BT o el SR fipBlaeRE g7
oot o P SRR S IO TAYE MBp O, ¢ WbIp pamami o O
Fgrelgr:r atzlsoq'?leac;igc.ent ration 01’c the active ingredi ent used’ [ P\ t he P
Formi g o W D v arediont, which may’ comprisd CNTE r the
modified CNTF molecules described herein should be formulated in a
suitable pharmaceutical carrier for administration in vivo by any
appropriate route including, but not limited to int'raparenchymal,
intraventricular or intracerebroventricular delivery, or by a
15 sustained release implant, including a cellular or tissue im_plant
such as is described, for example, in published application
W096/02646 published on February 1, 1996, WO95/28166 published
- on October 26, 1995, or WO95/505452 published February 23, 1995.
Depending upon the mode of administration, the active
20 ingredient may be formulated in a liquid carrier such as saline,
incorporated into liposomes, microcapsules, polymer or wax-based
and controlled release preparations, In preferred embodiments,
modified CNTF preparations which are stable, or formulated into
tablet, pill or capsule forms.
25 The concentration of the active ingredient used in the
formulation will depend upon the effective dose required and the
mode of administration used. The dose used should be sufficient to

achieve circulating plasma concentrations of active ingredient that
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nmode of administration used. The dose used should be sufficient to achieve
circulating plasnma concentrations of active ingredient that 39 WO 01112810
PCT/ US00/ 2043%O0 Uf12818¢ ¢ i caci ous. Effective doses may be ext PEpaISenzees2f r om
dose- response curves derived fromin vitro or animal nodel test systens.
Ef fective doses are expected to be within the range of fromabout .001 to
about 1 ngfday. 5 EXAMPLES Exanple 1: El ectrophoretic Mbility of Mdified

Human CNTF Mohgs WiisadiBudht eEffabivandbdéy neals 0o exerapolatedofrohbdioseed CNTF
nol ecules Bacterial Strains and Plasmds 15 E. coli K-12 RFJ26 is a strain

t hat over produteSpanse icueveassleriypdr fom darvitioopr anigabyppdekient sysienss
RPN33, which ri.es the human CNT ene angd . N110 which.carries .t he
P e nene. EREChES dqres, Bem axpattad d6; B ik Ty rande Ghgom about

Neur.osci . 57: 1(555'- ' | nternational Publication No. WO 91/04316,
publ i shed on Apri | @?&oo}ggl_%ﬁg/gagém d pRPN219 was constructed by first

digesting pRPN33 wth the restriction enzynes Nhel plus H ndi and gel
purifying the 4,081 bp fragnent. The second, nuch smaller fragnment which
codes 25 for part of the human CNTF geEXAMELES sequently replaced with an
167 bp Nhel-Hi nd3 fragnment that was obtained by PCR anplification fromthe
rat gene using the priners RAT-I11-dni H 5" ACGGTAAGCT

Example 1: Electrophoretic Mobility of Modified Human
CNTE_Molecules

10
Materials and Methods
Preparation_of Modified CNTF -molecules

Bacterial Strains and Plasmids

15 : E. coli K-12 RFJ26 is a strain that overproduces the lactose
operon repressor.

The expression vectors pRPN33, which carries the human CNTF
gene and pRPN110 which carries the rat CNTF gene are nearly
identical (Masiakowski, et al., 1991, J. Neurosci. 57:1003-1012 and

20 in International Publication No. WO 91/04316, published on April 4,
1991.)

Plasmid pRPN219 was constructed by first digesting pRPN33
with the restriction enzymes Nhei plus Hind3 and gel purifying the
4,081 bp fragment. The second, rhuch smaller fragment which codes

25 for part of the human CNTF gene was subsequently replaced with an
167 bp Nhei-Hind3 fragment that was obtained by PCR amplification
from the rat gene using the primers RAT-lll-dniH: 5' ACGGTAAGCT
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40 WO 01/ 12810 PCTI USOQ 20432 TGGAGGITCTC 3'; and RAT-Nnhe-1-M 5’
TCTATCTGGC GATTCGITCA GACCTGACTG CTCTTACG 3'. Plasm d pRPN228
was construc 128" he sane manner as PRPN219, except thRCTUR®/206Z bp

repl acenent fragnent was 5 anplified using the DNA prinmers Rat-111-dni HL-R
. 5 AAG GTA CGA TAA CCT TGG AGG TTC TCT TGG AGT CGC TCT GCC TCA GIC AGC
TCA CTC CAA CGA TCA GIG 3' and Rat-Nhe-1: 5 TCT ATC TGG CTA GCA AGG AAG
3'. Pl asm ds TWRENGET TERENZ'S 7andRRNSRe-1-MRPSITBOTAPRAIHAOLC, TAGCHPRBRGASL, and

RPN222 . ted b L | by di t h f DNA
PRNOZ2 ver  CREE RS Mo AL RISy, ot exEhange of o
Ldenti Ly of 1 T PLRaR Ao MBAERr Uk B85 5 B RlEh 1
sel ective exigRENRPY, exseptubidti #at 187 BEdeplideeén! fragnidrtmyvagic! usi on

bodi es were as described for rat and human CNTF ( Masi akowski, et al.,
1991, B 20 Msopltied using: 4 DNA I@Rimers Ratdlidniddt-Fond® RAG GI& iGGANo. WO

occasi on P:y‘W&i&&"rnﬁégéﬁééﬁcmé?_ﬁﬂéeKéf@bc%ﬂ%&éa;@%éﬁhfpz; Bekapny
ysat oo by SRS Gt 1T GIE o o ML 38 TORATE TR 517 657 cued by
col um chr om@@ BB, as described for other proteins (Panayotatos et

al., 1989, J. Biol. Chem 264:15066- 15069). All proteins were isolated to
at | east 60% puri Pjasmids pRPN186, pRPN187, pRPN188, pRPN189, pRPN192,

10 pRPN218, and pRPN222 were generated by similar means or by direct

exchange of DNA fragments using the unique restriction sites shown
in Figure 1.

The identity of all plasmids was confirmed by restriction
analysis and DNA sequencing.

15
Protein Purification

Induction of protein synthesis, selective extraction,
solubilization and purification from inclusion bodies were as
described for rat and human CNTF (Masiakowski, et al., 1991, J.

20 - Neurosci. 5§7:1003-1012 and in International Publication No. WO
91/04316, published on April 4, 1991) except that gel filtration was
occasionally used instead or in addition to ion exchange
chromatography. Alternatively, proteins were purified from the
supernatants of cell lysates by streptomycin and ammonium sulfate

25 fractionation, followed by column chromatography, as described for
other proteins (Panayotatos et al., 1989, J. Biol. Chem. 264:15066-
15069). All proteins were isolated to at least 60% purity.
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41 WO 01/12810 PCT/USOQ 20432 Conditions for enzymatic reactions, DNA

el ectrophoresi s and other techniques used in these studies have been
described in MYUPB0( panayot atos, N 1987, Engi neering an EBChivsimmis:
Expression Systemin Plasmds: A practical Approach (Hardy, K G ed.) pp
163-176, IRL 5 Press, Oxford, U K ). Results The nobilities of human, rat
and several chineric CNTF nol ecul es on reduci ng SDS-pol yacryl am de gels are

shown in Figure 1%8ndﬁﬂ@ﬁs0k¢wdzgmmhemﬁcﬁmd§?l\mm afBbF8Phofdhe lfhand
RPN228 exhibit nobilities conparable to rat CNITF, whereas RPN187, RPN188,

RPN192 and RPNethereteshbiquasobisettinethesenpiudies have heeandesnitied in detail
Cross-reference,of these results to the aligned sequences of . thes .
proteins in Fi @Dlﬁ'@yft?% sulﬁ@t' 'gwmﬁf—’ﬁi'gi%d%‘g':c?%netngxawwfh@ﬁ?%m :
resi due at pospid 3 WO ITES AR [l iyt he case
of RPN228, thi spiéss(‘lﬁﬁgs'e’\aﬁ?%%n%‘!i@ﬁ@éggﬁﬁﬁﬁg'nw'%%qg%p ﬂgggﬁzsf’iigl'ent to
confer t@& humaprédd[fOxfeed DKyl robility of rat CNTF. Figure 2 also

provi des a neasure of the purity of the different 20 reconbi nant proteins.
By visual inspection, purity varies from60% for RPN189 to better than 90%

for RPN228. .Eéaﬁlle 2: Measurenent of Binding Activity of Mdified OCNTF
Mol ecul es 25 tel s and Methods Preparation of ~ |-CNTF Reconbi nant rat

CNTF (28 9) in 37 ITRe mibARidsUBt pRmf rat%and several chimeric CNTF
molecules on reducing SDS-polyacrylamide gels are shown in Figure
10 2. The chimeric molecules RPN186, RPN189, RPN218 and RPN228
exhibit mobilities comparable to rat CNTF, whereas RPN187,
RPN188, RPN192 and RPN222 exhibit mobilities comparable to human
CNTF. Cross-reference of these results to the aligned sequences of
these proteins in Figure 1 reveals that all proteins carrying an
15 arginine residue at position 63 (R63) display the mobility of rat
CNTF. In the case of RPN228, this single amino acid substitution
(Q63->R) is sufficient to confer to human CNTF the normal mobility
of rat CNTF. _
Figure 2 also provides a measure of the purity of the different
20 recombinant proteins. By visual inspection, purity varies from 60%
for RPN189 to better than 90% for RPN228.

Example 2: Measurement of Binding Activity of Modified
CNTF Molecules
25

-Materials and Methods

Preparation of 125|-CNTF
Recombinant rat CNTF (28 ug) in 37 nl 0.2 M sodium borate
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WO 01/12810 PCT/ USOQO 20432 buffer, pH 8.5 was transferred to a vi al

contai ni ng 4y ./1 84@,000 C/mvole; NEN) of 1251 and reagent (Bolton and
Hunter, 1973," ioc%em J. 133: 529-539) which had been dri ®€TOISHA0432 gent | e
stream of nitrogen. Reactions were incubated.for 45 mn at OC fol |l owed by
15 5 mn at roomtenperature and term nated by the addition of 30 m of

0.2 Mglycine solution. After 15 mn, 0.2 m PBS containing 0.08 % gelatin
was al so addebufferd ghhe8.Bi xwas eravesfegredsiod at viad wgintainirg @e wEix-(2:000! um
(Pharrmacia) to separate the I%%)el | ed mononeric OCNTF fromdineric and ot her
mul tineric debVmamole: NEN:pt dAtlagrd geagent (Beltprand stunies1933i Bioahen0,

det er ni ned, by, t hi.p..! t h d.th i fj tivit
Cypically ar dlintad 588585 whiEhcRag Rt Reker adn 8 GBRI: soemt by eq”at - ac
d d : h O : 3 d
cont or mat | onal TPRER, ' FEbcBbbE Wil RRIEIES fof e miRCh BiGtIdved BY BT oy
with a5 p.g min alteldont téiNperatate aral Yermsinhieddlyi e griditict! ¢ t3®IALLESI S.

One maj or band was visible by either Coonmassie staining or auto
radi ogr aphy. 0.25 giy¢neaselitionoweliftetpamitpl @2 gdtPBStgontaining i0/08 CATF i n

ti Lval of E8 chi L L . | 220 Ti
Qul tur e TochHafAE v, a0, 298P A1, G mRits PR BB S ot ver e
t ted with ok} £e) . | ' bt
ol y- or i ¢ i e HOgeRy 1 ctldmn AR o LRl 8 PRIB HPRoBh
nutri ent m xtGNEFFIPMidimetic’and aothenamultinaeric derivativesyi Rercertage of

(Hycl one), nerve growh factor (N@ 4100 ng/m), penicillin (50 Un) and
st rept bPyci n ipcorReration was typicallie2@ %2 tdgteapingd py thin layer

chromatography and the specific activity was typically around 1,000
Ci/mmole. The monomeric 125-CNTF was stored at 4°C and used up
to one week after preparation. As a test of structural and
conformational integrity, 1251-CNTF (approximately 10,000 cpm) was
15 mixed with a 5 pg unlabelled CNTF and analyzed by native gel
electrophoresis. One major band was visible by either Coomassie
staining or autoradiography. 125(-CNTF also showed comparable
activity to native CNTF in supporting survival of E8 chick ciliary

neurons in culture.

20
Tissue Culture Techniques
Superior cervical gé’ng!ia (SCG) from neonatal rats were
treated with trypsin (0.1%), mechanically dissociated and plated on a
poly-ornithine (30 png/ml) substratum. Growth medium consisted of
25 Ham's nutrient mixture F12 with 10% heat-inactivated fetal bovine

serum (Hyclone), nerve growth factor (NGF) (100 ng/ml), penicillin

(50 U/ml) and streptomycin (50 pug/ml). Cultures were maintained at
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WO 01/12810 PCT/ USOQQO 20432 37C In a humdified 95% air/ 5% CO2 at nosphere.
Gangl i on non- _neuronal cells were elimnated by treatnment with araC (10 M
on days 1 and'&"R310y | ture. Cultures were fed 3 tines/week ROTAISAmEZME32
routinely used for binding assays within 2 weeks. 5 MX7/CNTFR is a
fibroblast cell line transfected with the human CNTFa receptor gene
(Squinto, et al.,1990, Neuron 5:757-766; Davis et al., 1991, Science
253 59-63). B @wasm ahiBaEd sl BR/sMRSCeR! AthSkhdte! CRlangign &b

hed once t say buffer

m)nolayers S 1n U e we were wa

consi sting o n@u%gaahaéeensb%ﬁéreﬁﬁn@aké@w gt wilh -ardc! (18 bR! bpact n.

1 mVM PNSF, | eupeptin 1 mg/’m ter 1 ncu on‘wth
1251- CNTF for &ﬂgb\r anatsr&oaauh%percmntwes wetd Jedes Qm%%/W@ek dnd\wehed
twice with assay buffer, Iysed with PBS containing 1 % SDS and counted in
a Packard Garmmmeerly arsed\bor- bpubnglassnyajlmmm/az weeksrnmined in the
presence_of 1,000-fold excess of un]abelle I fic binding towards

M387/ CNTER was 80- JHGRBHEINI R ris anfa‘PSpé?é@shwﬂg“%e"&@{ﬁ%vﬂﬂbdh&m (1sl,

Phi | adel phi a, PA). sults u ant
human, rat andﬁ %ﬁ?p%ﬁ%§$&&&fﬁn@§éé$ﬂﬁmtggﬁ¥ I@S‘f’ §9@ 81’5%9%?5&
neurons are s i g Qﬂ';h hurran CNTF conpete with 1251
25 rat CNTF foll';}8 ng?né; 't 3§ r?'euronsé’sééf)u? Uman CNTF (1C50 = 25 nM s
90 tines |ess potent in di spI acing 1251-rat CONTF binding than unl abell ed
rat CNTF (1C50 = 0.28 nM In contrast, RPN219 is alnost 44 WD 01/12810
PCT/ US00/ 20432Binding Ass

10 Binding was performed' directly on cell monolayers. Cells in

_cmture wells were washed once with assay buffer consisting of
_phosphate buffered saline (PBS; pH 7.4),' 0.1 mM bacitracin, 1 mM

PMSF, 1 pg/ml leupeptin, and 1 mg/ml BSA. After incubation with

125I.CNTF for 2 hours at room temperature, cells were quickly

15 washed twice with assay buffer, lysed with PBS bontai'ning 1% SDS
and counted in a Packard Gamma Counter. Non-specific binding was
determined in thé presence of 1,006-fold excess of uniabelled CNTF.
Specific binding towards MG87/CNTFR waé 80-90%. Data were
analyzed using the GRAPHPAD program (ISl, Philadelphia, PA).

20 |
Results

Competition curves of purified recombinant human, rat and

CNTF RPN219 towards 125|-rat CNTF for binding on rat SCG neurons
are shown in Figure 4a. Both rat and human CNTF compete with 125|-

25 rat CNTF for binding to SCG neurons, but human CNTF (IC50 = 25 nM)
is 90 times less potent in displacing 125l-rat CNTF binding than
unlabelled rat CNTF (IC50 = 0.28 nM). In contrast, RPN219 is almost
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as potent as rat CNTF and clearly nore potent than human CNTF (1C50 = 0.3
nM. Simlar ﬁﬁﬁﬁf’ts were obtained fromconpetition experinments wth nouse
fibroblasts ¥ Wcted with a plasm d directing the 5 expCcedsenmsnaf the
human CNTF receptor (Figure 4b). Both rat, human and RPN228 conpete with
1251-rat 'CNTF for binding to M387/CNTFR cells. Human CNTF (1 C50 = 30 nM
Is 12 times | ess potent than rat CNTF (1C50 = 2.8 nM, whereas RPN228 is

clearly noreagojciht kBaat GN"BFW@Iéarrwtmbfb 8\ITF fhap Ruiidh CRATFCEBgL i tion

bi ndi ng experinents with the other nodified proteins shown In Figure
1 al so denonst@.8thM).t hat proteins having R63 displayed the biol ogical

t t f t F, wh t h 3 di | d the bindi
roper (1 e of hunaiPRaITASEUAE WRGe OBRUNGH TrfleSOMBRTIAT SHRANIAREIS hat ¢ he
singl e am noya@ ‘i'nc]xE!*T & Yibrbbldsts of ﬁ%%’c{@whﬁ §“éf;a.'s?r‘uﬁmdule3t1&§rrf._ﬁé to human

CNTF the receptor |ng proper |es aracteristic of Exanpl e

3: Meagur enerkp@ssBirobp the Hune®i IONTF reteplodi(Figite 4BYTF Bdrhagu! Bomdh
Mat eri al s and Met hods Reconbi nant CNTF was assayed on di ssoci ated cul tures

of chick ci andr@Ph2ag| ¢Qmpe'©3)lvﬁh\eu?5(b-rliet &N Tdedor bbwling (PaMGBHENIFER et al .

1991, J. Ne 57: 10Q3-.10 ternat | _Publ i cat No. 25 WO
91/ 04316, pﬂfig hé‘&“’Bﬁ"/ég”i: 31(23@ ﬁd] cé[) ttiaﬁ%”aéeﬁuwié:r@ Ihg& & were

ga?igg‘iowptc:? of‘%nﬁﬁe M)lmreis APIE28lis. AP AforeBpornt tfan 4° VO

the human protein (IC50 = 5.6 nM).

10 Competition binding experiments with the other modified CNTF
proteins shown in Figure 1 also demonstrated that proteins having
R63 displayed the biological activity of rat CNTF, whereas proteins
having Q63 displayed the binding properties of human CNTF (data not
shown). These results indicate that the single amino acid

15 substitution (Q63->R) is sufficient to confer to human CNTF the

receptor binding properties characteristic of rat CNTF.

Example 3: Measurement of Blological activity of Modified
CNTF Molecules -
20
Materials and Methods
Recombinant CNTF was assayed on dissociated cultures of
chick ciliary ganglion (CG) neurons as described (Masiakowski, et al.,
1991, J. Neurosci. 57:1003-1012 and in International Publication No.
25 WO 91/04316, published on April 4, 1991), except that surviving
| cells were stained with MTT (Mosmann, T. 1983; J. Immunol. Methods
65:55-63). '
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Fi gure 3 shows dose-response curves of dissociated, neuron- enriched
cultures of E8 chick enbryo ciliary ganglia for purified reconbinant

human, rat and"®f¥288di fi ed ONTF proteins RPN219 and 5 RPN2I&T/iByp0/tdass
assay, the biological activity of the chineric proteins is

I ndi stingui shable fromthat of purified reconbinant rat OCNTF and clearly
hi gher than that of reconbi nant human CNTF. Conpari son of the
dose-response QRéyegsi N Figure 3 also shows that the maximal |evels of
survi ving neurons obfained with RPN219, 10 RPN228 or rat CNTF are higher

t han t hose obt ai nedFigure SushowsNigse-raspanser euNass of udigeeciatetht NGNS and

RPN228, |ike rat ¢ F, are acti towards a | ar.ger popul.ation of_.neurons
t han human CNTENIC edp‘&al&‘l"ieé oixégr?w\évﬁt embrye ‘Bﬁ%!'yog%a%&"aa f Wf‘{)eaf. t he
ot her nodifi ed : te| S j [ : ' . €,

case, 15 nodif irgd 'g"gr'g{’ﬁ?ﬁ’s@??%ﬂg @%gﬁ%e&giﬂ&uﬁgt‘??ﬂ? i?gné'){d

di spl ayed the APRR2g8I cEy @k aé%gh(e&molwﬁﬁlvmm SoPhhé echifmdiyi ng Q63

di spl ayed the activity of human ata not shown). Overall, these
resul ts indi catsoteing ishindistinguishableo fegndthatupbt | punifiech regembinam rat

Sl G AP TGN L8 a0 LSRR AR g e O
Injury 25 Al bi rhahgsdH o‘?'qjléeaoég'-?egﬁ’&fsé)%u%é"wg:i %yafﬁto.r ghSYvIESLtflat

used at 2-5 nonths of age. The rats were malntalne n a cycli

envi ronnment (1Zhé@rmarimdi2lével®fdf sunavingnneawns bbtathednwithoRPN2rg, t han 25
ft-c) for 9 or nore days before being exposed to constant |ight. The rats

were expgdbed t GIANS28 oryiadIGNEF aienbigher than dhpse sitained, withduimea ENTF; ght
at an 111um nagee oL enund’ suggest Wat RENSE HUnd HPNSSE SRS Tat ONTF, are
active towards a larger population of neurons than human CNTF. In

parallel experiments, the biological activity of the other modified
CNTF proteins shown in Figure 1 was examined. In every case,

15 modified CNTF proteins carrying the (Q63—R) substitution displayed
the biological activity of rat CNTF whereas proteins having Q63
displayed the 'activity of human CNTF (data not shown).

Overall, these results indicate that the single amino acid
- substitution (Q63—R) is sufficient to confer to human CNTF the
20 biological activity of rat CNTF.

Example 4: Use of Modified CNTF To Prevent Light Induced
Photoreceptor Injur

25 Albino rats of either the F344 or Sprague-Dawley strain were
used at 2-5 months of age. The rats were maintained in a cyclic
light environment (12 hr on: 12 hr off at an in-cage illuminance of
less than 25 ft-c) for 9 or more days before being exposed to

constant light. The rats were exposed to 1 or 2 weeks of constant
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125-170 ft-c) provided by two 40 watt General Electric "cool-white"

fl uorescent ‘gulopﬁzsmjzh a white reflector that was suspended 60cm above the
fl oor of the cage€ ring light exposure, 5 rats were naiPCTASoNZB432N
transparent polycarbonate cages with stainless steel- wire-bar covers. Two
days before constant |ight exposure, rats anesthetized wth a

ket am ne- xyl azine m xture were injected intravitreally with 1 gl of rat

CNTF, human Qf‘grﬁlf ar dwqildenGNTFe\IdnCMHﬂs@@e d %s@“ Qleé%éu'
phosphat e buf ed saline (PBS) at a concentration of .1 to 500 ng/l The

i nj ections wek2S-d@eftvi)t pravided by riwooMOofwatt @engmlgEleumcll e through the
sciera, chorqid tjna appr t el md bet ween the ora serrata
and equat or 8'1" Pﬁ‘é’ o *"I’Weélcﬁ gg%‘ggs “%/tneai V@’é ehleciyry dhaly yeas nto the
super i or henig @F)Bersth‘?aedb‘?/ e dhg&#@&%s' dadel! LMD GAH 8kBBSude, Ot

exposure, the rgts wer e sacrl over dos car Fol | owed

i medi B ely bats Whﬁunmﬂiéw&nomﬁ&pmemdpalydame dagesWelkh Wer e
enbedded in epoxy resin for sectioning at 1 mthickness to provide

sections of Staialess steel aviredatl 6aYetse vertical neridian of the eye. The

degree 20 of I|gh |nd ced, retinal en tlon Was antified asse55|ng
the degree of pho oPe E’é@c‘?@%@gﬁ"g EXPASHER o ta§e§‘$‘§Iﬂ

rescue, 4+ DGyt ARKbIFHhinCRFIASIR InBhdRS twBRE ”ﬁl'éeétﬁﬁ' Wrah%%@% The

degree of photoreceptor rescue In each section S based on ari son to

the control eygl ofrdtfGNSEAUMAN, CHAF acnrodcﬂdwci\nmL TRqQB3dyR)s. This
nmet hod has the advantage of considering not only e ONL thi ckness but

al so nid e subﬁSsol\tmgéneptms'phatel‘taﬁgﬂedtsalm(PBB()taitr acepneentiaticer afind out er
segnments, as well as spatial_47 WO 01/ ‘L‘O PCT/ USQQ 20432 degenerative
gradi ents wi ©Ohl ot RBO R pl.ThIRR iBlgcHions wees made dvith the insertion of a

32 gauge needle through the sclera, choroid and retina approximately
midway between the ora serrata and equator of the eye. In all cases,
the injections were made into the superior hemisphere of the eye.
15 Immediately following constant light exposure, the rats were
sacrificed by overdose of carbon dioxide followed immediately by
vascular perfusion of mixed aldehydes. The eyes were embedded in
epoxy resin for sectioning at 1 um thickness to provide sections of
the entire retina along the vertical meridian of the eye. The degree
20 of light-induced retinal degeneration was quantified by assessing
the degree of photoreceptor rescue by a 0-4+ pathologist's séale of
rescue, 4+ being maximal rescue and almost normal retinal integrity.
The degree of photoreceptor rescue in each section, as based on
comparison to the conirol eye in the same rat, was scored by four
25 individuals. This method has the advantage of considering not only
the ONL thickness, but also more subtie degenerative changes to the

‘photoreceptor inner and outer segments, as well as spatial
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for each tinme point to generate a dose response curve. Results 5 The
degree of rescue was neasured for human, rat and hCNTF (Q63-)R). The data
i ndi cated t hatB8VH#8#at and hCNTF (Q63-->R) had ten-fold grEcweseamst ity
to rescue photoreceptors in the |ight damage nodel than did reconbi nant
human CNTF. It is to be understood that while the invention has been 10
descri bed above in conjunction with preferred specific enbodi nents, the
description an d 140 ol st n | L0 i

scope of the i HsGEARRRE, Br&gioRte’3ifin el bYoC TRIG, Yos"Rlort! Sldmircet
claims. 15 Exarfpt eabhMiherpains tengeldratods dBee aelspoasé duryen CNTF variants
were genetically engineered, expressed in E. coil and recovered at greater
than 90% purity, as 20 described previously (Masiakowski, et at., 1991, J.
Neurosci. 57 :1003:1012 and in International Publication No. WO 91/04316,
publ i shed on Am 1991; Panayotatos et al., 1993, J. Biol. Chem

268: 1900Q- 19003). T f i k | i )
N R 3Hm¢§e G441y 89 redRiekwas! HEAQNSd Ir hith8RaT&%ahd HENYF! N

IR (Q63—RY). -The data indicated that both rat and -hCNTF. (Q63-3R) ha
RG 160 (rHONTF, aCl3) ........ e 0.5 my/ m 162

(r HONTF, 17CA, o@s¥old. greater. ability .to. rescue phutdrdcepiBrsViih Othel KghO damage

PCT/ USOQ 20432 RE290 (rHCNTF, 630R ACL3) .., . ... 1.2 mg/m

RG297 (r HONTF, T7Rgieldbep didirpcombinant hugap GHTH. To deternine the stability

of rHONTF and sever gl dgf VAl | ¥ePstoBd that while the invention has been

10 described above in conjunction with preferred specific embodiments,
the description and examples are intended to illustrate and not limit
the scope of the invention, which is defined by the scope of the

appended claims.

.15 Example §

Materials and Methods
Recombinant human CNTF variants were genetically engineered,

expressed in E. coli and recovered at greater than 80% purity, as

20 described previously (Masiakowski. et al.,, 1991, J. Neurosci.
 57:1003-1012 and in International Publication No. WO 91/04316,
published on April 4, 1991; Panayotatos et al.,, 1993, J. Biol. Chem.
268:19000-12003).
The following stock solutions were prepared freshly in PBS at

25 5°C:
13 [0 1 1 0.5 mg/mi
RG160 (HHCNTF,AC13)....cecvreereresniesansanns 0.5 mg/ml
RG162 (rHCNTF,17CA,AC13).....ecneenn... 0.5 mg/ml
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physi ol ogi cal buffer at 37C, stock solutions were dialyzed 5 exhaustively
agai nst PBS ”}g“ diluted with PBSto 0.1 ng/m and sterilized by
filtration. d 1% (0.2 M), were transferred into 0.5 Pa¥USEyaci2t y

pol ypropyl ene centrifugation tubes. The tubes were placed in a 37C

I ncubat or and, at the indicated tines, individual tubes were renoved and
centrifuged at 15,000 rpmfor 3 mn at room 10 tenperature to separate

sol ubl e protein f 1 om iRGAYODIHCNTRESRRKESS).. SURSLNA ABTAGNAI e i pet t ed
off into clean tubes containing an equal' vol une of 2X protein gel sanple
buffer, placed in a 85{GRAYh(HENPF,17OA,680R54C48)l..51.00.4dma¥mt 20C unti |

anal ysi s by 15% SDS- PAGE. Pellets were resuspended in 1/10 origi nal vol une
of water, mxed IBowidterminesthualstabilityrof ofHCNTPEr ahdi se\gahl derviativbgfiher and
treated as above, Methods for biological activity assays on E8 chick. '

ciliary neuPBygiolagicalobufeptati 373t stpeleisiptionswereslialygedn descri bed

[ ntor ndit onaPXERsvely PORMgS PR 40 B3Gs ritfed kit RS "0 Fadfi aago;.
Panayot at os gferfized b9 RitrationD OAI:@&@1( 1o OQVéf%OQ%)nsfeﬁéQt Ritd 0%
sanpl e buffer (2X) consists of 12. risHCl, pH 6.8 - 20 ml glycerol -

40 M 10% SDml acrapai:lhygpalypmwmnelc@tamgmmnlmbesﬂ TBS fRbes| were The

solubllltyo rticIarI t ed si ol ogic fer at
neut ral é?pfs Hocdbatan: andy Ab e indieetedimesahvidual

PCT/ USOO/ 204 r &;&e r I ; rature
and on the ﬁﬁ)eg | ncu at’l oﬁﬁéA%rgamgt %gagg?ﬁ%&? '@Hg f%‘r %ﬁgkﬁllal n S S
1.4 10 temperature to separate soluble protein from insoluble precipitates.

Supernatants were pipetted off into clean tubes containing an equal
volume of 2X protein gel sample buffer, placed in a 85°C bath for 2
min, mixed and stored at -20°C until analysis by 15% SDS-PAGE.
Pellets were resuspended in 1/10 original volume of water, mixed
15 with an equal volume of 2X protein gel sample buffer and treated as
‘above. |
Methods for biological activity assays on EB8 chick. ciliary
neurons and for protein gel electrophoresis have been described
(Masiakowski, et al., 1991, J. Neurosci. §7:1003-1012 and in
20 International Publication No. WO 91/04316, published on April 4,
1991; Panayotatos et al., 1993, J. Biol.Chem. 268:19000-19003).
Protein gel sample buffer (2X) consists of 12.5 ml TrisHCI, pH 6.8 -
20 ml glycerol - 40 ml 10% SDS and 5 mg Bromophenol Blue per 100
ml. '
25
Results
The solubility of rHCNTF is particularly limited in

bhysiological buffer at neutral pH. Furthermore, the solubility over a
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nmg/ m and the protein remains in solution for a few hours. In sharp
contrast to the limted solubility of rHCNTF, the variant 5 rHCNTF, 4C13 can
be concentrat &P P8 | east 12 ng/ M at 5C. Despite this grREIMEsN0/20432
solubility, however, rHCNTF, oCl3 still shows strong instability in

physi ol ogi cal buffer, pH and tenperature conditions. Upon incubation at
37C, rHCNTF, 4C13 falls out of solution at a rate that depends on the

e e B RS ) BR800, 9, 1) gt ot

anal yzed the physi eral varitants in parallel

experiments. Figutind ofinpsbdtivat. 1 AlcBb@] itba sTlubiltYNGF rHCNTH)ini BB8giscdl4
buffer at 37C for 0, 2, 7 and 14 days (lanes 1-4, rezfpectivel y) caused
progressi ve di B¥lipézanthdke diroteie fenaaiasninf peiutios fafea digpe heint I sharp

Fur thormor o, aCOB0RChE e B SRt PERAT,) fhe SuBRL.PCd os o asko

speci 5. ghat CAUERPRAPSM Lan' BE ochloBufed'td (Bast gl gt s, doubl e

arrow). At |onger Inc a sna proportio I ' gher order

aggr egat es WaSD%'sgﬂe%ﬁEV'F%léB e%@%lt‘{iﬁf h%@iei.h?Hm“PF,g\%'fés Fyhahews

anal yzed on the ane typ I'n the presence o e reducing

agents, the 48rbhySRRAtASHYAS iBldi€al HUIRRROPBH | &nd HelHperatlyfedence t hat
the 48 kD species represent’s r F dimers coval ently Iinked by disulfide

bonds. Such di cenditions) dpon nqubatied ab I760N tHCNTFACHS fals mitqafe cyst ei ne
residue of rHCNTF. Therefore, these results indicated that the instability
of rHCNTF at 33dutioncatisedatey thalggepgadsoani the iritial copcentrationl ecul ar

T TR D28 i o ol R e b B3
except that thehaHRERIAHRGRALPIof rHCNTF and several variants in parallel
experiments. Figure § shows that incubation of tHCNTF in
physiological buffer at 37°C for 0, 2, 7 a_nd 14 days (lanes 1-4,
respectivély) caused progressive disappearancé of the protein from
15 the supernatants, adcompanied by concpmitant progressive
appearance in the pellets. Furthermore, a good proportion of rtHCNTF
in the pellets appeared as a 48kD species that corresponded to the
size of dimeric rHCNTF (Fig. 5, double arrow). At longer incubation
times, a small proportion of higher order aggregafes was aiso -
20 evident. However, When the same sambies were analyzed on the
same type of gel but in the presence of disulfide reducing agents, the
48 kD species was converted to monomeric rHCNTF, evidence that
the 48 kD species represents rHCNTF dimers.cmialently linked by
disulfide bonds. Stich dimers would be expected to form through the
25 unique cysteine residue of rHCNTF. Therefore, these results
indicated that the instability of rHCNTF at 37°C is caused by

aggregation initiated by intermolecular disulfide bond formation.
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I nsol ubl e aggregates in the pellets was sonehow slower in the case of

r HCNTF, oC13 &Ei"g{f{g‘fﬂ 5). Gven the fact that the ACl13 deletion 5 confers to
r HCNTF nmuch gre solubility in physiological buffer, tra®tsommosmzed
stability of rHCNTF,4Cl13 is nost likely an indirect consequence of its
greater solubility. To further test the possibility that the instability of
rHCNTF at 37C is caused. by aggregation initiated by internolecular 10

di sul fi de bond foﬁimilabrrﬁsuﬁaewsm eiMainesk avithe twosrd@NTEF yarsantspn 17  was

11125 S GRAGR RIS Ftobbbe s
ted by .thi D] to th | ysis, Db

on 1 educi ng IpseBARRER0a1ER dor e, TElBla weS. BRECTENE Savelin hELae on for

14 d t 37 h N ' | ' ' .

di mer | zat 1 on O PACATERPS TiRdEI Bl BUBLAT et et (08 A5 3TR5RE o1

pr ot ei g f ounGegnifedsnto rPRINTPES muydl eét@Prseo?ﬁﬂﬂiﬁg eiﬂg‘)gﬂ'éeﬁgwb?caﬁnﬁ{ﬁfg ampunt _of

soluble protein remaining In the Centrifuge t renova t he 20
super nat ant , thbeimproaed! stabilityeof d¢TCNTBACH 3rds | mast dikelyl s indirezgul t s
confirmed the conclusion that the instability of rHCNTF is caused by

aggr egat i on icoinsequendcdyof itse gmeakerusalubdityul fi de bond formation, and

denonstrat ed t hat _el *m nati on -SH .function, gr.o i 0ot her

r HONTF vari ant s, gpg.urﬂ@ﬂ?s"aﬁé%ta‘g%{ﬂ{’iﬁ& ghabdhe, mﬁ%lwﬂl& i H’ﬁ)@b‘T Fro test
whet h o \ N : S . . 37C
St 1 bi of og ket Tee Ja G 1 bgréuatior® Mifinteld by, Hftéhablegr 3/ VS ©

activity. Fi glisuifide stons fonnktioh, thé WMigOd/ dy¥idihePrdsidlieOat Poshion 17
concentration response-curves for rat CNTF and r HCNTF obt ai ned
was substituted by alanine, using established genetic engineering

methodology. The two rHCNTF variants, rHCNTF,17CA,AC13 and

rHCNTF,17CA,63QR,AC13 generated by this process were subjected
to the same analysis by non—re_d_ucing 16% SDS-PAGE. Figure 5 shows

15 that even after incubation for 14 days at 37°C both proteins
rerhained soluble with no evidence of dimerization or aggregate
formation. Even in the small proportion of protein found in the
peilets, which represented mostly the small amount of soluble
protein remaining in the centrifuge tubes after removal of the

20 supernatant, there was little evidence of dimerization. These
results confirmed the conclusion that the instability of rHCNTF is
caused by aggregation initiated by intermolecular disulfide bond
formation, and demonstrated that elimination of the free -SH
functional group in other rHCNTF variants, e.g. RG297, also result in |

25 greater stability. | _

To test whether the proteins remaining in solution after

incubation at 37°C were still biologically active, samples were

analyzed for neuronal survival activity. Figure 6 shows control
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wi th standard, untreated stock solutions, as well as with four rHCNTF
variants incubated for 7 days at 37C. O the latter, the proteins carrying
the 17CA nut atY@RV12R8297 and RGL62, were 5 assayed at their wemigdeboss?
concentrations, whereas R&90 and RGL60 were assayed after correcting
their concentrations for the amount of protein remaining in solution.
Figure 6 shows that the concentration response curves displayed by these

compounds are  chRAsRrSNET TEHofdO RIS fol ! ENTF afid! ASCNTR!oblaiRgd ' Ve

form 10 RGL60 an e sanme potency as r

experiment al ewithr stavedchsu@@atedntodiCoTutidres, aar wellt be @dARfour
substitution show 4-5 fol d higher potency than rHCNTF, as previously
observed (PanaydENs vaxiantetneubateddos 7 daysi & 37%henOf theglalterothe 9003)

and as shown i ' 7. r h N [, on d i
derivatives at %é%ﬂ}soPaf&ﬂﬁgago&Choﬁ'ﬂgé&% ﬁg%géﬁhﬁ%h@cy?}édct Ivity,
only |l ossg of pe éd LY e nd ' ' bHl i

Exanpl e 25 20 '\a}gtﬁg %I{t and l{l/gmg'ségb%%“e}{anﬁ@n%%g?%ggﬂcﬁggguérﬁ iFgg%le%n -
The fol | owi ng weeTRssayed aafter wareotingp theid ¢cancdrdbhationsREaedhe amount

(r HCNTF, 63QR); 25 RQ&297 (r HCONTF, 17CA, 63QR, OC13) RG&242 (r HCNTF, 63QR64WA)
These pr ot ei ns Shdiretgjaneamaining iengeltione Figuse e shews that theol i and

L R R R A R
Neur osci . those expected from these proteins in their fully active form:

10 RG160 and RG162 show the same potency as rHCNTF within
experimental error, whereas RG290 and RG297 that carry the 63QR
substitution show 4-5 fold higher potency than rHCNTF, as
previously observed (Panayotatos, N., et al.,, 1993, J. Biol. Chem.
268:19000-19003) and as shown in Fig. 7. Therefore, incubation of

15 rHCNTF and its derivatives at 37°C for 7 days does not cause loss of
biological activity, only loss of protein through dimerization

followed by precipitation.

Example 6
20

Materjals and Methods
Protein Engineering and Purification - The following rHCNTF

variants were compared to rHCNTF:
RG228 (rHCNTF,63QR);

25 RG297 (rHCNTF,17CA,63QR,AC13)
RG242 (rHCNTF,63QR64WA)
These proteins were genetically engineered, expressed in E.
coli and recovered at greater than 90% purity by the methodology
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57:1003-1012 and in International Publication No. WO 91/04316, published
on April 4, é,g@ 'mlﬁgnayot atos et al., 1993, J. Biol. Chem
2688: 19000- 1 . Bi ol ogi cal Activity Assays - Met hods Posrushomungi cal
activity assays on E8 chick ciliary neurons have been descri bed
(Panayotatos et at., 1993, J. Blot. Chem 268:19000-19003). 10
Phar macoki netic Determ nations - Rats were injected intravenously (i.v.)
wi th r HCNTF (destjibed foREGPHCN TR (Masiakdviskigek cal.,at@9 1y §hNeGeaei( n=1) at 200

al so injected, subcyt wi th r HCNTF (n=2),

I

Hoad (Ei‘%)s S Taba 3912 5a5) '%t‘“%ﬁ?ﬁ?%?%ai’béﬁgéﬁg@%néﬁQ RIAL oo e
Dbtai n pl acubligiied X, Bprt ¥, £ PRRBIAGE, 608" (0BT, o/ Fi6), RERRR"°EL, s

net hod for r@iBiyoploRseE0d)B. Lakings, et at. DSER- 93/ DVAP/ 006, "Dose

Proportionality and Absolute. Bioavailability of rHCNTF in the Rat
Fol | owitng Subcut aneous Administration at Ei ght 20 Dose Level s" (Phoeni x

I nternational Project No. 920847) 10 Nov r 1993).. .The plasna .
concentrations m@@gﬂaﬁwﬁ%—m '%ﬁé‘?&%&ﬂ% Q'EWQ:QUEE".’VW st andar d
curve for ea ggrm}p dto
calculate t he%lgg5 unt g& g@@‘ h%'p 5%&%@@% @?‘gge@fﬁe? h@%%gggﬁéﬁétagﬁ% yzed
on the pl at eet &g 1993;3).t Biol.t ghein. (268:49680-¥2006). anong conpounds by | ess

than twofold. 53 WO 01/12810 PCT/ USOQ 20432 Efficacy and Toxicity
Determ nations In. Vivo - Male Sprague- Dawl ey rats wei ghing -220 g were

anest hled | zed bef 0&?\&?%%%%5&’[1&? eDggegr_uinations - Rats were injected
intravenously (i.v.) with rHCNTF (n=1) and RG242 (n=2) at 100 pg/kg
and with RG228 (n=1) at 200 ug/kg. Rats were also injected
subcutaneously (s.c.) with rHCNTF (n=2), RG242 (n=2) and RG228
(n=1) at 200 pg/kg. Blood specimens were collected prior to dosing
15 and at various times after dosing and were processed to obtain
plasma. The plasmé specimens were analyzed using the rHCNTF
ELISA method for rodent plasma (D.B. Lakings, et al. DSER
93/DMAP/006, "Dose Proportionality and Absolute. Bioavailability of
rHCNTF in the Rat.Following‘Subcutaneous Administration at Eight
20 Dose Levels" (Phoénix International Project No. 920847) 10
November 1993). |
The plasma concentrations were evaluated using non
compartment techniques. A standard curve for each compound was
included on each assay plate and was used to calculate the amount of
25 that compound present in the specimens analyzed on the plate. The
sensitivity of the assay varied among compounds by less than

twofold.
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right sciatic nerve was transected at the |evel of the knee and a 5 mm
segnent of nerve was renpved. Sham surgerl es were perforned 5 on the left
side of each R MA0Starting the norning after surgery, ratcayoses/sasei ghed
and adm ni stered vehicle (either PBS or | actate/phosphate/ mannitol, pH
4.5) or the rHCNTF conpound to be tested, dissolved in the sane vehicle at
doses ranging from0.01-1.0 ng/ kg, s.c. Rats were wei ghed and injected
daily for 1 week, . it an

nmuscl es di ssect ed ' M@%de&gvg‘?ﬁ 0 |eft
(sham)  sol eusmﬁnevv&atmtvﬁe:@nrngeaenoagl Wwele varresthélizdéditbrdoted sasgarys The
degree of atrophy caused by denervation and the prevention thereof by
treatment wit hngétlscwnpoem wasr trapsectedent the eyl of tthe kmee EMdbadP

oo, Both venliNPaEveRt BhdehD dtR ASTER .y SR, SRRSHES wsB R NErheHasy

wei ght gai n. S 0 I Vi e the
acti vi tygof rm};@e }eg?\(%lj(fé r g\%eﬁne%surlled ??%&‘Fe‘ Mé %°’"&%@rﬁ§&ﬁ?&
survival of pratgawgreiiweghedt and Eddministered Ivanglen(aeitmm PBS:wronal
survival in response to increasi g’ concentrations of various human CNTF

n

variants i s shiagate/phasphese/mannitodngHs 4.5)her Jhe| d‘i@NTﬁ@QBlRUIUﬂg tobes and

pot oncy t han 1igab Alieelvee! Ju e paREohile, 3 3684 Tanoled Tom 67 nc,

t han r HCNTF, d egldhe twihatwé hgaréﬁ@qnbbﬁad t [ Thus,
i ntroduction of vaélcs)us gn?%owam (:\INsllb de V\0101/ 1281(§)WPCT%SWOO’%O§1§2

chains &0 variwhichpdisne itey were madﬂﬂ'dédsaqdeﬂlm slmd&lsmnyscle‘sfdusset:ted

effects on the surV| val of 1pl‘| mary neurons vitro that vary f
and weighed. The ratido of the right (denervated) to Ieft (sham)

soleus wet weights for each animal was calculated to assess the
degree of atrophy caused by denervation and the prevention thereof
by treatment with each compound. For assessment of toxicity, the
15 body weights were calculated as a percent of the weight gain of
vehicle-treated rats. Both vehicle solutions produced similar

results in atrophy and body weight gain.

Results
20 Biological Activity In Vitro - To characterize the activity of rHCNTF

in_vitro, we measured its effect on mediating the survival of

primary dissociated E8 chick ciliary neurons. Neuronal survival in
response to increasing concentrations of various human CNTF
variants is shown in Figures 6, 7 and 8. The variants RG228 (Fig. 7)
25 and RG297 (Fig. 8) that carry the 63QR substitution show 4-5 times
greater potency than rHCNTF but the variant RG242 showed a 10-fold
weaker potency than rHCNTF, despite the fact that it carries the
63QR substitution. Thus, introduction of various amino acid side
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great loss to strong gain of activity relative to rHCNTF. 5

Phar macoki n%égﬁu- Before attenpting to correlate the in vitro biological
potency of a gt conmpounds to their pharnacol ogi cal efPCraaeyzosza vi vo,

it is useful to determne their absolute bioavailability in the sane

animal nodel. In the experinents described below, the disposition kinetics
after i.v. admnistration 10 and the absolute bioavailability after s.c.
adm ni strati (mhab'fs REGY28 ouanposiiane ofethe ONHT rseqeensedhas ey ediffecerithose of
r HCNTF. The a e pI asma cp%entratlon time profiles in the rat after IV

admi ni strati Qfn BTIRESY NSUIONS, fhiltg thatgyaly trom
Dhar macoki nedr &&Oge%%fnﬁfers 5 g3lin, RrpbQU° rfaiRg B N P B e 20

adm nistration to rats, R&42 had a distribution phase a sorrewhat faster
than that of rHCNTF and R&28. The disposition phase 0 for R&42 and R&X228

was fadter tRianmacokineticsONTBefoFeuatieRpling teppoaetatet thérn dvitrer i but ed
rapialy.t han IARGGRE PAIFRRCAY Raooh shaauce b dhal S RRRCHORRED  ne
body as_f asioyissdHENTyaNG: 84 SRLaAE) SSomer IRTfiof! BYREG On SoTeuhat

faster. The area oncen ratiron ti1ne cur R&G242 was

conpar abl e t biddvailabflity iiNhle, s anirnab midddt. t he ﬂret@bcpbﬁmerﬁé cl earance
(CT) was about the same for the two conﬁounds Atwice larger area was
e

observed wi t dercribed mmethetﬂiwpaMwn tnallﬂsur@terof vdiadmintistratden (Var ea) ,
whi ch i

For b Reo3B0:HEF qoeib piRdolaplti s 53 3B Bace, 289838 T LN
nunber of anfg AE32 EHS ApICTi¥ic e éorhbfid I Bosk GFtONTIRS 11 L ed
The average plasma concentration time profiles in the rat
after IV administration of rHCNTF, RG228 and RG242 are shown in
Figure 9, normalized to 100 png/kg dose for all three compounds. The
15 average pharmacokinetic parameters are summarized in Table 1.
After i.v. administration to rats, RG242 had a distribution
phase o somewhat faster than that of rHCNTF and RG228. The
disposition phase g for RG242 and RG228 was faster than that of
- rHCNTF. Thus, RG242 appeared to be distributed into the body and
20 cleared from systemic circulation somewhat more rapidly than
rHCNTF, whereas RG228 appeared to be distributed into the body as
fast as rHCNTF and cleared from systemic circulation somewhat
faster. The area under the concentration time curve (AUC) for RG242
was comparable to that of rHCNTF, indicating that the total body

25 clearance (Cl;) was about the same for the two compounds. A twice
larger area was observed with RG228. However, the apparent volume

of distribution (V,..,), which is a function of both § and AUC, was

approximately twofold smaller for both RG228 and RG242 relative to
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all ow the quantitative distinction of these values. However, these results
clearly indi cg\%& that the distribution and disposition 5 ki net| cs of RX228
and R&42 aft P30 dmi ni stration are not substanti al | y ACTUuSA@20432f r om

those of rHCNTF. After s.c. admi nistration, R&28 and R&42 had a 2-3 fold
| onger absorption phase (Ka) relative to rHCNTF (Fig. 10 and Table 2). The
di sposi tion phase of R&42 was al so sonewhat |onger. The 10 |onger apparent

termnal di SpO?HUN’TFPQﬁ?QeQﬂ‘n@@HéE thbservaridhis dams iistribOtaRNesk tvadely .
adm ni stration may be attributed to the inconplete characterization of the

t erni nal phase Tdfet §mitgde numperi of asimals. usexiematheset evaluadionst did not

Chat of T HONTEAIBWode auAnitafive] CBRBOUGR (41 thess VAuSE. o Hivemarudhese”

i ndependent st b i1 of. found to
be 14.2 % (n= 1g€éand &eggd f'%géfé Bhgpatﬁ%kﬂ%gwgbn a"HH%%E“g@?BNAP/ 006,
"Dose Prapor ti &iietidsy of FME228Sahdt RGR4aufet dlV. | admirmbtratibiNldrel Aot he Rat
Fol I owi ng Subcut aneous Adninistration at Eight Dose Levels" (Phoenix 20

| nternational Rubstantially. different)from Kbeserneh rGMETFD B. Lakings; et al.
Do P t it d Absol ut g, Bl F Ad | st d
Subout aneous! y 1o RATET HApacinEYENAn. G2k ard RE24R rd @ 2T °
Noverber, 1994)onddieseé ﬁontzﬂ?adsé)]gRQY%Ihﬂ@é' tol HHESNTF #ﬁ{% af$2Pébians).

RG&242 are not si gn| fican erent within experl error.

Effi cacy and Td'me:dlspolsmdﬂ phasé ¢RG4 elasealser someNﬂwatdenger/aThen of
the soleus nuscle resulted in a_|oss of 40% of nuscle wet weig

01/ 12810 BcT/ UiRRgSappare)t terpipal dispositipn phase %ﬁﬁ%@@f&%%adosmg
reproduci bl e, g aGe bl 10/ V. CEainiSfiatior ‘AaYCBY LAABGRSE  tHe RS MBS

Daily
characterization of the terminal phase after the i.v. injection.

Overall, the absolute bioavailability of RG228 (13.7 %) and RG242
(10.9%) were comparable to that of rHCNTF (6.0%), in view of the

15 fact that in two previous independent studies, the absolute
bioavailability of rHCNTF was found to be 14.2 % (h=18) and 7.5%
(n=8) (D.B. Lakings, et al.,, DSER 93/DMAP/006, "Dose Proportionality
and Absolute Bioavailability of -rHCNTF in the Rat Following
Subcutaneous Administration at Eight Dose Levels" (Phoenix

20 International Project No. 920847) 10 November 1993;
D.B. Lakings; et al.,, Dose Proportionality and Absolute Bioavailability
of rHCNTF Administered Subcutaneously to Rats. AAPS Ninth Annual
Meeting, San Diego, CA, November, 1994). Therefore, the
bioavailabilities of rHCNTF, RG228 and RG242 are not significantly

25 different within experimental error.

Efficacy and Toxicity In Vivo - In control experiments, denervation

of the soleus muscle resulted in a loss of 40% of muscle wet weight
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adm nistration of rHCNTF resulted in a dose-dependent rescue of nuscle wet
wei ght at a%gﬁg - 0.12 ng/kg and a maxinmal effect at 5 0.3 ng/kg (Figure
11). At the 'sa & me, even though aninmals continued to BEWESM2dgRt duri ng
the course of these experinents, they clearly did not gain as nuch as
their vehicle-treated counterparts (p<0.01; Figure 12), especially at the
maxi mal |y efficacious doses. 10 In the course of several experinents
conduct ed i nbya7 alaysl Wihi$ valueCis very aocsuatdeard mepratiudible, sincesBOR

substitution resulted jn 2-fold increase in potency jn.vivo (Figure 11
bt bl o O vaiEs iy Polyra% amgdp indetederf Sxpelinias. (PR & 1) Cine
contrast, Ak L y t1 O 1 di.fi cati ons,
15 shows a %%%‘Pﬁgggﬂaﬁm%@ﬁeﬁ?gs@g% t"illeggdaonsl%1 ?@%r@%%i \k/ﬁe to

r HONTF.  Fi nakdusciR@at2weighiuatednaER, 8 < oL1R imghgasnd eneinal atbcarat 2. 4

fold decreased toxicity relative to rHCNTF. These results are sunmmarized
in Tablee 3. @ mgvk?tq'ﬁigur@wnﬁpwt tte sarwx tifil, | everf thowgtt lanfrhalshese 20

conpounds was cal culated as the ratio of the TD25 and ED50 val ues,
nornal i zed t §ontRWedtor gaiNTWeighti duripg dhe. couse pbthese exparinents, t hat. of

of 1 HONTF, v LSy el 1 il aney 85 sty as ioicyaideedie, o 0
phar mcol ogi galintetaits ORRIC.0 1S Fige NbENEEpedialy 46 1R6 @egfhafpl evance to

the clinical situation where decreased body weight is observed upon r HCNTF
treat nent i nefficanious Sdos#s.01/ 12810 PCT/ US00/ 20432 One. skilled in the art

wi Il recognize that other alterations in the am no acid sequence of CNTF
can r&%? in a bioftlR)iUES g{C{sw%ral experiments Sonducted” parailel with

rHCNTF, it was determined that the 83QR substitution resulted in a
2-fold increase in potency in_vivo (Figure 11) but, also, a

concomitant 2 fold increase in toxicity (Figure 12). In contrast,
RG297, which carries the additional C17A and AC13 modifications,
15 shows a 2.6 fold greater potency but the same toxicity relative to
rHCNTF. Finally, R624é produced a 2.8 fold increased potency and an
2.4 fold decreased toxicity relative to rHCNTF. These results are |
summaﬁzed in Table 3.
The relative therapeutic index (T.l.) for each of these
20 compounds was calculated as the ratio of the TD,g and EDjg, values,
normalized to that of rHCNTF. While the T.l. of RG228 is equal to that
of tHCNTF, the T.l. of RG297 and RG242 is 2.5 and 6.8 fold superior to
that of rHCNTF, respectively.
Therefore, RG297 and RG242 have superior pharmacological
25 properties than rHCNTF. This is of great relevance to the clinical
situation where decreased body weight is observed upon rHCNTF

treatment in humans.
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nol ecul e whi ch may have enhanced properties. For exanple, applicant has

prepared a 17&% nutant whi ch has a serine residue in 5 place of the

cyst ei ne resi Qo0ui2 1;5'03| tion 17 and is biologically active.PousHoermss has

al so prepared a biologically active quadruple nutant, 17CA oCl3, 63QR, 64WA.

Further CNTF nutants, all of which retain biological activity, are set

forth in Table 4. 58 WD 01/12810 PCT/ US00/ 20432 Table 1. Average

Phar macoki neti ¢ Par gy %‘kﬂléd)rinrif@\rﬁ'ﬁ ROl RAP othbt Sditdrtibay Sious

Adm nistration to Rats at 100 g/ kg. 5 Pharnmacoki neti c Conpound Paranet er

r HCNTF R&Q242 Rtesmino acm seq@e)w(:engﬂfnCNTeraa EEBHIIND B0 bialagicéting raatived )

20, 230 22,890 55,800 a (mn-') 0.0492 Oqﬁ56 041 tilr2a (m n) 14 8 17

15 R (nin-1) 0.foclgguls Wﬂ!ﬁh (Bn%vaet @ﬂba" oReties. 3&or\exampier / kg) 470

220 204 20 AT e 00
gﬁﬂ:ém A% E%rei‘)a? C.% my f\? erﬁEHer?aé‘g-fS g?hé% sl oﬂ:e in

g/ kg W dose to'be corrpa WO conpoun

adm ni st eg ed atpjddd @Q{H@cygfelﬁ@ re@ﬁdé@tﬁﬁqﬂﬁoﬁxwaﬁﬁdj ki ewléﬁlcaﬂ\f first

t wo p| asna concentrations time zero Not cal cul at ed
active. Applicant has also prepared a biologically active quadruple

mutant, 17CA,AC13,63QR,64WA. Further CNTF mutants, all of which

retain biological activity, are set forth in Table 4.
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59 WD 01/12810 PCT/ USOQ 20432 Table 2. Average Pharmacoki netic Paraneters
for rHCNTF, @% nd R&42 After Subcutaneous Admnistration to Rats at
200 g/ kg Pharmma R¥neti c Conmpound 5 Paraneter rHCNTF RG4PCRGIPZ043p 2 2 1
Cmax (ng/m) 18 32 50 10 Trmax (mn) 30-45 30-45 60 AUCQ a, (ngmn/m) 2,425
4,980 7,620 Absolute 15 Bioavailability 6.0 10.9 13.7 ke (mn-1) 0.0133
0.0083 NC t1/2ke (min) 52 82 NC 20 ka (mn-1) 0.0401 0.0180 0.0102
tl/2ka (mn) 17 39 68 25 NC. Not cal cul ated. 60 WO 01/12810 PCT/t TS00/ 20432

Table 3. Efficacy, Toxicity and Ther. aéeuti ¢ I ndex of rHCNTF and
Derivatives &BABdunfveragdP colippligBaiemeters descHEER. i RG228ranrd BG24Ri ¢ 5

65 e 0(8%5@% intigosaodR Aymirisfeion o Rars 3¢ 100 gka, o o 0" 112 0 060 1. e

2.5

5 Pharmacokinetic Compound

Parameter HCONTF RG242 RG228*
n 1 2 1
C, (ng/mi} 726 2,175 NC

10
AUC,_(ng-min/mi) 20,230 22,890 55,800
o (min-1) 0.0492 0.0856 0.041
/oo (min) 14 8 17

15
B (min1) 0.0106 0.0200 0.0176
typp (min) 65 35 39
Varea (Mko) 470 220 204

20
Cly (mi/min/kg) 4.9 4.4 3.6

*RG228 values normalized to a 100 ng/kg i.v. dose to be comparable to the
other two compounds that were administered at 100 pg/kg.

25 C,s  Estimated by extrapolation of the first two plasma concentrations to
time zero. .
NC: Not calculated
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RG242 0.043 0.21 4.88 6.8 15 61 WO 01/ 12810 PCT/ USO0/ 20432 Table 4 -

Bi ol ogi cal
Pot ency units

a value of 100. One potency unit

activity of

r HCNTF variants on E8 chick ciliary

neur ons.

Q9%¥8284) are shown relative to hunman CNTF  whirdrisso/zas gned

is defined as the 5 reciprocal
activity as 1 ng/m

concentration show ng the same bi ol ogi cal

POTENCY

| i gand
r HCNTF. . CNTF

rat 500.0 10 human 100.0 17CS 100.0 63QA 87.0 15 63QN .100.0

63QH 2.5 63CErablel. Avddigsl Pharntstokindfild Parandéte@GAdV\rHCINTF, 6RQER28 WAd RE242

63QR64WF 250.0 . 63

4\WH 25.0 25 630R64WQ 10.0 62 WO 01/12810

PCT/ US00/ 2043 2Aftex SHpswaneouss AdminisirationdqrBatsat ¢99 kg% 1 n ani mal nodel s

of Huntington's disease

10

i5

20

25

Pharmacokinetic
Parameter
n

Cmax (ng/ml)

Tmax (min)

AUC,_.(ng-min/ml)

Absolute
Bioavailability

ke (min-1)

tisoke (min)

kg (min-)

t/0ka (MiN)

NC: Not calculated.

Compound
rHCNTF
2

18

30-45

2,425

6.0

0.0138

52

0.0401

17

RG242

32

30-45

4,980

10.9

0.0083

82

0.0180

39

60

RG228

50

60

7,620

13.7

0.0102
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Back round 5 3 utamate receptor-nedi ated excitotoxicity has been

hypot hesi zeq’v{)gl @%@y a role in nunmerous neurodegenerative di seases,

i ncl udi ng Hun 'K n di sease and notor neuron di sease (D PCHUSR20dk2 1990,
Trends Neurosci. 11:286-289; Rothstein, et al., 1995, J. Neurochem

65: 643-651). The predom nant neuropat hol ogi cal feature 10 of Huntington

di sease i s a nassive degeneration of the nedium sized, GABAergic, striatal
out put neur orf@ablev3; Haficaeyib$ oxigity sand dderapgutic indaxalof irhlCNTEARths (Al bi n,
et al., 1989, Trends Neurosci. 12:366-375; Harrington, et af., 1991, J.
Neur opat hol . B&Vall¥8Pol . 50:309). The preferential |oss of striatal

out put neuro rﬁ&ﬁﬁ{ edeyn. 15 Hupdi ngt j d sulting

dyski nesi a, araébe m mdékeguig’ﬂ rodgﬂ?zsor gﬁ?pr?{é’t%g’%ﬁg'ggﬁg i‘nq% t|{v%h an NVDA

gl utamat e redé@rapeutigoni st, quinolinic acid, is injected into the striatum
(DiFiglia, M, 1990, Trends Neurosci. 13:286-289). In the absence of a
geneti & ani mal nodel flEngMg) 20 (MakPsci dTBz(EDeant i nUBdes rely on acute

| esion nodels for investigation of the HD phenotype. The cl assic ani mal
nodel of HD —mwotwes—proeductronr—of—an-excttotoxtc—test-omrof—the—rat-—
striatum using a glutamate agoni st of the NVDA-receptor. class. In such

| esi on paradigns, injection of the neurotoxin directly into the 25 striatum
results in | odENIF t heD. f@di um si0z@87i ntri32c striatal 1r@®urons which
utilize gamra-am nobutyric acid (GABA) as their neurotransmtter, with
relative preservation of the two classes of striatal interneurons which
utili eith tylc Lpe or tostaLhn and neuro tide Y as their
neurotzf%nsm ﬁ(ae?%éa Nbs{méégwo ofrqgﬁo P(??%SOO’ 20432 ?'gq:)ent st udi es have
relied upon intrastriatal injection of quinolinic

RG297 0.045 0.080 1.78 2.5

RG242 0.043 0.21 4,88 6.8
15
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acid, which seens to nost faithfully reproduce the appearance of the HD
striatum Figueredo-Cardenas et al. (1994, Exp. Neurol 129:37-56) 5
inj ected qui ndYOME8Ucid (QA), into the striatumin adult racrsestodsz
nont hs post |esion explored the relative patterns of survival for the .
various different types of striatal projection neurons”" and interneurons
as well as the striatal efferent fibers in the different striatal
proj ection areas. The perikarya of all projection neuron 10 types
(striatopallidal, striatonigral, and striato-entopeduncul arg3 wer e nore

i

vul nerabl e t had e 4¢hoBitlegigat aciivitynelirbeNTRANAHANS: 8ncE8i SHCk kitiany

peri karya, there was evidence of.. di epti al 7] biljt Wt
striatonigral S ORR p?) prnﬁn'f%(ijﬁqqg aﬁ%&*\ﬂ%?ﬁ@gsﬁg KEWQ‘HI ﬁgﬁi:on of
| mmunol abel ed sifibRY3laddIgiRic o Yalueeof 08l 10 PotbAed Uni I agfingdli AR
that striato-entopeduncular fibers better survived intrastriatal QA than
did stri & opal Irediprocal ligandatoncgnirhtibn behewinthehepsanwtbiotatgcalofctivit

vul nerability observed in this study anong projection neurons and/or t%eir
efferent fiber aSpl AREEHENITEhe i nvul nerability observed in this study of
cholinergic 20 interneurons is simlar to that observed in HD. |In another
ani mal nodel, system c admnistration of 3- nitropropionic acid (3-NP)

| eads to neuropat holgpgrgal changes sim | ar pogrglEye seen in Huntington's
di sease (HD). Although the behavioral hypoactivity seen in these aninals
differs fromthe 25rabserved hyperactivity 5A0n®st excitotoxic nodels of
HD, 3-NR Is considered by sonme to provide Be ter nodel of juvenile onset
and advihced HD. Tﬁ&'m?éhropat hol ogi cal effig sdof 3-NP include | oss of
intrinsic striatal cholinergic neurons, but some sparing of |arge 64 WD
01/ 12810 PCT/ USOQ 20432 '

17CS 100.0

63QA 87.0
15 63QN .100.0

- 63QH . 25

63QE o C <1

63QK 1.1

63QR 400.0
20 |

64WA 2.0

63QR64WA 9.0

63QR64WF 250.0

63QR64WH 25.0
25 63QRB64WQ 10.0
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AChE positive neurons, mninml damage of NADPH- di aphorase- contai ni ng

neur ons, and%ﬁloi,ﬁsni nfiltration (Borlongan et al., 1995, Brain Res. Bull.
365: 49-56) . el Nave been rel ati vel y few studies w th ZBCRESR0482
neur ot oxi ¢ nodel of HD. Its faithfulness and utility 5 remain to be

expl ored. Recent studies have begun to explore the relationship between
excitotoxic injury and the role of Huntingtin. in the striatum Stri atal

i nj ection of Exanmple f:c d&fficacy ofcE and vapaniscth amims adels/ity
for Huntingtiof iHusleABtoM S digeaseeurons but not 10 in glial cells. This
I ncrease i s apparent 1 n both neuronal cell bodies and in cell processes in
the white matter six hours after excitotoxic challenge. Thus Huntington
may be invol Bagkgroure response to excitotoxic stress in these neurons
Tatter, et al., 1995, Neuroreport 6:1125-1129). Follow ng an initi al

i ncrea®e bet ween @lmamﬂieerwepﬁgrwmq@amxcawwc&xchaﬁegeren a pattern

arter 24 n  DufelieBiale A8y PR R niinier B FonREbRAR RN Dhea¥s, "
neur odegener Hdigding" HAhtiMftoR- diBasd Mt thatdr halirdh disegds (DiFigng) wm.suggest

that 1 T15 transcription preferentially localizes to 20 degeneiating
neurons. Car189Q, direntls ,Newasci. N&§1286989t Radhsteln1et al.12M95-xd.i t ot oxi c
injury to thgl striatumal so mimcs_certain of the aspects of cell death
seen in HD bNgURORIRM; 63:648-651)95d henpredemingnt. nguropathological Heature
neost RigRt um gf Hulllingroh' Yigeddd s PmaKi & daetroraliof! Gt il Wddilin?!

TUNEL- positive neurdns and glita were rem nistent  of those seen In
apoptotic cekizedgaGABMErgiy Swiatal oley@l PRWEOHs OWwitHdie Sebstantiafiessm in

the sane areas, nonrandom DNA fragnentation was detected occasionally.
Fol | owi ng ex@f tsttialal dngneurons (Albin, et al., 1989, Trends Neurosci. "~~~

12:366-375; Harrington, et al, 1991, J. Neuropathol. Exp. Neurol.
50:309). The preferential loss of striatal output neurons observed in.

15 Huntington disease, and the resulting dyskinesia, are mimicked in
rodent or primate models in which an NMDA glutamate receptor
agonist, quinolinic acid, is injected into the striatum (DiFiglia, M.,
1990, Trends Neurosci. 13:286-289).

In the absence of a genetic animal model for HD,

20 neuroscientists continue to rely on acute lesion models for
inveétigation of the HD phenotype. The classic animal model of HD
involves production of an excitotoxic lesion of the rat striatum
using a glutamate agonist of the NMDA-receptor class. In such
lesion paradigms, injection of the neurotoxin directly into the

25 striatum results in loss of the medium sized intrinsic striatal
neurons which utilize gamma-aminobutyric acid (GABA) as their
neurotransmitter, with relative preservation of the two classes of
striatal interneurons which utilize either acetylcholine or

somatostatin and neuropeptide Y as their neurotransmitters. Most
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WO 01/12810 PCT/ US00/ 20432 injury of the rat striatum internucl eosomal DNA
fragnent ati on evi dence of apoptosis) was seen at early time intervals and
random DNA f HEA M i on (evidence of necrosis) at |ater tiPE#US0I2E. | n
addi tion, EM detected necrotic profiles of nmediumspiny neurons in 5 the

| esioned rats. Thus, apoptosis occurs in both HD and excitotoxic aninal
nodel s. Furthernore, apoptotic and necroti ¢ nmechani snms of neuronal death

nmay occur si mitdcHostldie¥ hAV8 IV iuponl |ﬁh'a§'ﬂ|at§le|lhﬁadt|6nt ld¢ quinolinic

excitotoxically injured brain.. (Portera et al., 1995 . Neurosci ence
15: 3775- 3787) . agidl, hichdseas aoemoelumtrﬁuliwruemoducertml appearanceToREL)
t echni que has ﬂ" nvesti. at ed in prelimnary studies of a variety of
pat hol ogi ¢ con ss%’?‘l‘ e human brain (eg , gliomas, traumatic brain

injury, Parkinson's I 3sgn
mul ti system at rophyflggtgkiéa?c%)'ﬁa}rgrggégd%g@n @o?@?ar@%g’gt? s 15
di sease weveal e@tbﬁn Lirfoliic aduid ¢ )smwtthbabaﬁatumw Aduiti mts r@ﬁdwau

Thomas et al . 995, per| ment al ur ol ogy 133:265-272).. . «c-fo
expression i nc monshs mnleﬁlonrexpmraﬂ ithe credatlive |mtée,msOnf suvival dQSptnhead

in.rat brain, but is ectively absent by 24 .h ostinjectio
fragnent ati on, VABAIES €RIErent pée ok 1R APIRSTA e Sa A Rl at 24 h
af ter i nj ecti ofhtothAREnEeaN! WoIdREDNRS 'fiStalt Bfch ioefs LA Bhe | rfdirbth i ok

translation for t etectron of regional neuropat hol ogy angf' ustr

the tenporal aaﬂnaﬁ@latplrejectubnl areag)shiTheoperkéya ©f pakSsiopection emurbﬁt OXI c
neuronal death (Dure et al., 1995 Exp. Neurol. 133:207-214

Excitot 38 c | eBRESs Mﬂét@@bdabeﬁtm@mfm@@x@m@r §“’r§%@5561@eﬂ%mldﬁéut ic
avenues in HD. Excit ot oxi at RS I nduced, b uinol jnic acid, a
model for Hunt M4t JRO Eem‘gﬁﬁ@leﬁg% ﬁ\? BE%%F% mﬁiﬁ?”f 'neAW}S‘Sot ective
actions of ner geyjgetih néasdrP pdrikdryaChere was evidence of differential
vulnerability, with striatonigral neurons appearing to be the most
vulnerable. Examination of immunolabeled striatal fibers in the
15 striatal target areas indicated that striato-entopeduncular fibers
better survived intrastriatal QA than did striatopallidal or
striatonigral fibers. The apparent order of vulnerability observed in
this study among projection neurons and/or their efterent fiber
plexuses and the invulnerability observed in this study of cholinergic
20 interneurons is similar to that observed in HD.
In another animal model, systemic administration of 3-
nitropropionic acid (3-NP) leads to neuropathological changes
similar to those seen in Huntington's disease (HD). Although the
behavioral hypoactivity seen in these animals differs from the
25 observed hyperactivity in most excitotoxic models of HD, 3-NP is
considered by some to provide a better model of juvenile onset and
advanced HD. The neuropathological effects of 3-NP include loss of

intrinsic striatal cholinergic neurons, but some sparing of large
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66 WO 01/12810 PCT/LTSOQ 20432 striatal cholinergic and GABAergi c neurons

I n adul t rat‘]§,o %Elsovm ng quinolinic acid lesion (150 nnol). Daily
intrastriat Yomini stration for one week increased t reTamshiassar
expression of choline acetyltransferase nessenger RNA three tines above
control 5 levels and restored the levels of Trk A nmessenger RNA expression
to control levels. In contrast to the protective effects on cholinergic

cell's, NGF t AGHEgUsitivie hedrdres, ahluﬁmaatdamhge mfi NAIDPHGiagheraseduced
decrease in glutamte decar boxyl ase nessen RNA | evel s. Thus, striatal

gl ut amat e de@&ﬂlﬂmwgaﬁéufﬁb%eﬁ@@rQll'ﬂNmf%@ @%sﬁ%'OIIQBGABAealgl d986ur ons

whi ch degene H nS|v to.N Frim
et al. (1993 R@ér ﬁiggg%é; %er?f}b? 2’&?" 5%’Va W studies; i ng
NGF into qui WHH ALAPags & | fsureidc rrﬁbd%lt bf HB. ItEhFéitﬁfQM'éQ t&ﬁ& utmt%

prei mpl antation of NG--secreting fibroblasts placed t he cor pus

cal | osm r edverndirt e beexploreds oss-sectional area of a subsequent
excitotoxic lesion in the psilateral striatumby 80% when conpared to the

" effects of a non- ﬁ@PeBteﬁl&'?ﬁd‘ﬁveoPGQPBs@ explore th&nf?’ﬁvo'a@}?v\h%ﬂ"%par ed

et hods. Tr op ARG Tt 18 360 e PO BRlrtinlin e 168 "Srrifiln’ ™t act o ()
and NT-3, angtfigephjdttivh ohtq@hblinicVacRi Rﬁeﬁﬁéé‘CinUﬂcEs inefedsetd
characterized as descri bed (Misonpierre, et al., 1990, 25 Science

247: 1446- 1451|mmeram:ﬁmﬂm foreHumitingtino 81 ,saime Namnmnmgnneuﬁsansom hot12) .

For Fomthg! mot eiBhieine TR 56E88e! BrabBRrant i Botn MelFenal Con odles "®
and in cell processes in the white matter six hours after excitotoxic
challenge. Thus Huntington may be involved in the response to
excitotoxic stress in these neurons Tatter, et al., 1995, Neuroreport
6:1125-1129). Following an initial increase between 1 h and 6 h,

15 IT15 mRNA levels declined in a pattern homologous to a group of
neuron-specific genes. Decreased mRNA levels after 24 h
demonstrated that glial transcription is not acﬁvated by
neurodegeneration or gliosis. The th and 24 h mRNA levels strongly
suggest that IT15 transcription preferentially localizes to

20 degenerating neurons.. Carlock et al., 1995, Neuroreport 6:1121-
1124. '

Excitotoxic injury to the striatum also mimics certain of the
aspects of cell death seen in HD brain (Beal et al., 1986, Nature
321:168-171). In the neostriatum of individuals with HD, patterns

25 of distribution of TUNEL-positive neurons and glia were reminiscent
of those seen in apoptotic cell death during normal development of
the nervous system; in the same areas, nonrandom DNA

fragmentation was detected occasionally. Following excitotoxic
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al anine for cysteine at position 17 and arginine for glutamne at 67 WO
01/12810 PCT/ USOO 20432 position 63, and deletion of the 13 Cterm nal
amino aci ds. TR YWZUTE anal-og has enhanced solubility, is stcinsentoasz at

| east a week at 37C in physiological buffer, and exhibits 4-5-fold greater
potency in vitro relative to native human CNTF (Panayotatos et al., 1993,
J. 5 Biol. Chem 268:19000-19003). Animal Treatnents. Al ani nal
procedures ver dnjuppdofcithe fat striatuni, auephucleosomal DNrotfrmgrnentatioroved by
the institutional animal care and use conmttee. 10 Trophic¢ factor

del i very by osrBVidenganef apoptesisluy@sosaen &t ealiptimar Uﬁ?%'%a’%ﬂ%l’%"‘aﬂ’@ a

22- gauge gui de n 5.0.an p&c

chronically i m&:ﬁg ﬁ'&gm(e&éa‘b?/‘ g‘ﬂ(pzqr{ﬁgo kh'g&rf)égf % Htéﬁﬁﬁlgwﬁéiﬁg e!ﬂ axi c
coordi nates AP djdftiodVLEM %e"téétéb' HBciRicl profIes e mMathurPSphy nduforanifel ow
the interaural line) in 25 0 g male, Sprague-Dawl ey rats under deep
chl oral Hydr at éhé ﬂé@lanigﬂk@)ts a'lﬁtius,ea'pobmms toicus3 in rapthgiDanadt exsitatoxic
Thirty days |ater, ihe rats were again anesthetized and an Al zet osnotic

i ni punp 2002 @Al VBeselsap £uriReraIoNe. ARARIRNS and Desfolis gneghanisms of

soluti ons of  EMEARRN SRAMD Hal ‘Regl 5 ®3hé“§?~} S Wi gyt gf g
human NT-3 (1 gausnin . tﬁ@texGNEtM@aIYyB iffr&d )brafi. Aeporé&a%mm)sgsw

connected by plastic tubing to the i'nfusion cannula and inplante
subcut aneous| y Neurdsciemee 46:3775-3A8F). J. Conp. Neurol. 357:296 25 317).

neur ot rdghi o 1 act or gt ddt-mediath abBbER afc Sagy leheiBo (HingLs Y
i nplantation.  RephmhEPRAS BH ThbSiightel #FBENGINdHPSuies of a variety
of pathologic conditions of the human brain (e.g., gliomas, traumatic
brain injury, Parkinson's disease, Parkinson's-Alzheimer's complex,
multisystem atrophy, striatonigral degeneration). Only Huntington's
15 disease revealed significant and consistent labeling with this
methad. . Thomas et al., 1995, Experimental Neurology 133:265-272). .
c-fos expression increases soon after quinolinic acid injection, is
widespread in rat brain, but is effectively absent by 24 h
postinjection. DNA fragmentation, however, is limited to striatuh
20 and is maximal at 24 h after injection. These results demonsirate
the sensitivity of in situ nick translation for the detection of
regional neuropathology and illustrate the temporal and spatial
relationship of c-fos expression to excitotoxic neuronal death (Dure
et al., 1995, Exp. Neurol. 133:207-214 ).
25 Excitotoxic lesions have also been used to explore possible
therapeutic avenues in HD. Excitotoxic striatal lesions induced by
quinolinic acid, a model for Huntington's disease, have been used to

test for neuroprotective actions of nerve growth factor (NGF) on
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37C for 12 days were conpletely stable, as determ ned by bi oassay, 68 WO
01/ 12810 PC%H§9W8%0432 and effective intrastriatal delivery of the

neur ot rophi ns was  verified by i mMmunohi st ochem cal stai ni R§gT@S00eR2i ons f or
the appropriate factor (Anderson, et al., 1995, J. Conp. Neurol. 357:296-
317). Three or four days after punp inplantation, anesthetized rats 5
received an injection of quinolinic acid (50 nnmol in 1 | phosphate buffer,
pH 7.2, over stiatal mhadinergicr angh GABAgngicienarrons! in wduty rats f6Hdwirgi | t on

[ ith a,28- bl unt -t d' . Trophjc f del i b
ST 3l BBty BBl O Loy Y
| mpl anted | ntyedilfidafion f8Pan%°§\f‘ée‘?< ﬁﬁérgasga%'ec eRaR! Egén%ist%p 5 M
3.0) of anesthetl ze rats, as descri bed above. Igegl i RgP o neek ater,

anest heti zed cholife acstyitrathfarabal medsehyestRNA! threentigtdd @bove SuatroP- 4 9
in 11, over 10 mnutes) or vehicle through the guide cannula using a

Hami |t dn 15 dgvalsgnd restoved thejlevelsdof drk A soessengervBNdapgxptesisiore tand 1

d ft i njegtiaqn, of i nol j ni Ld, whi i nj ect ed d i bed

CBtve”" b5 oo By L o b BEASE ok pLeE T BrpElr Bh EpBTndigls 201
4% par af or maly ﬁQ,y@lFGWe{rﬁaﬁﬂleh?“f&FQd §oOhttdndates 1AL Glirdolfic %{éﬁ&-ﬂ}(dd&e% acid

I Nj ection, and cut In e Ccorona p| ane I nto forty- m Ccron I C

secti ons' t hadesssasesinighstdnvdte dddarbokylase messangesxRNA fevels. alisws,i es of 1
in 12 Nissl-stained sections was evaluated by an investigator unaware of
treatment cos#fiatebrglutamate riecesbexylese 2messenger RblA-axpEssing stri at al

S gt Sour oA gheitic bl FhIeR adifhidie, f HinfiTiblE, oRabe die hofZl ™

neuron | 0ss) reghdrsiierto N@Ss of nedi um sized neurons within the field of
the quinolinic acid .
Frim, et al. (1993, J. Neurosurg. 78:267-273) implanted
fibroblasts secreting NGF into quinolinic-acid lesioned rat striata.
They found that preimplantation of NGF-secreting fibroblasts placed
15 within the corpus callosum reduced the maximum cross-sectional
~ area of a subsequent excitotoxic lesion in the ipsilateral striatum by
80% when compared to the effects of a non-NGF-secreting fibroblast
graft, and by 83% when compared to excitotoxic lesions in ungrafted
animals (p < 0.003).
20
Materials and Methods
Trophic Factors. Recombinant human BDNF, nerve growth
factor (NGF) and NT-3, and recombinant rat CNTF-were prepared in E.
coli and characterized as described (Maisonpierre, et al., 1990,
25 Science 247:1446-1451; Masiakowski, et al., 1991, J. Neurochem.
57:1003-1012). Axokinet (Axt) is the designation for recombinant
human CNTF with the following modifications: substitutions of

alanine for cysteine at position 17 and arginine for glutamine at
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69 WO 01/12810 PCT/ USOQ 20432 injection). In cases where neuron | oss
appeared internediate to two criteria, a half score between the two

cl osest scor esVQAY123L; gned. Neuron | oss scores that were aEcrgsedoss2

i ndependently by two different observers in the experinents using BDNF and
NT-3 were 5 within 0-0.5 poi nts of each other for 40 of 42 rats
(correlation coefficient 0.8; p=.0001). In the experinment using CNTF,

neuron | oss al ysiti&s @afabﬁé\t@@letlbu SOty 180 CIedthiinal afnifBCAGIESS Thken 015
mmrostral to the infusion cannula. For each section, neurons were counted

t hat intersect €@NTEF enalog hast ¢rhkandadnsolubilidy,1 & ﬁtmesf@rmtl legsyra weskaatd
f d h t t The . f t
Fel o vas | oc Bl dni ahvw‘%tm pured, el i o scil ?sr‘é%erua%t%r'eéf he
t f t
conter f 5 1SRl oS T SN Pt ST

rostral! to the e Tntusron ca i el ds mére 15

sel ected y novBiag GhaaRn2é8y doouoidoeshi rst field, twice each in the
dorsonedi al and the ventronedi al directions, and once each in the

dorsol ateral and the ventrol ateral directions. To control for possible
variation in section thickpess, seven gel ds (g? alent 1oc t|o wer e
sanpl ed in the cont h&i&m@@%@' A BBFB? cb'”'?é Weee fon Hﬁge #int ed
per 7 fields), g8dapyvat

neurons on the s?ﬁgat g @F%’Z *"atl\%&tﬁgo’y éﬁﬁétgct B¥| cﬁ@ @%gf@g@q ts of

actual neuron caninigd daré and Gse %Gommmliten | oss for CNTF- and PBS-treated
groups, respectively) showed close agreement with the results of the

neuron | b8s scoring system 25 (nean neuron | oss scores of 1.67 and 3. 25,
Corperait o) vodt diaRhes fabtbe GARERY Y MBS rhSPoR BB osmoti
pump infusion cannula and a 22-gauge guide cannula (5.0 and 2.2 mm
' !o.ng, respectively) were chronically implanted side-by-side into the
 left hemisphere (stereotaxic coordinates AP 0.7, ML 3.2 relative to
15 bregma; incisor bar 3.3 mm below the interaural line) in 250-300 g
male, Sprague-Dawley rats under deep chloral hydrate (170 mg/kg)
and pentobarbital (35 mg/kg) anesthesia. Thirty days later, the rats
were again anesthetized and an Alzet osmotic minipump 2002 (two-
week capacity at a delivery rate of 0.5 wi/hr), containing 0.1 M
20 phosphate buffered saline (PBS) (pH 7.4), or PBS solutions of
recombinant human NGF (0.9 mg/ml), human BDNF (1 mg/ml), human
NT-3 (1 mg/ml), rat CNTF (0.78 mg/ml), or Ax1 (0.4 mg/mi) was
connected by plastic tubing to the infusion cannula and implanted
schutaneously (Anderson, et al., 1995, J. Comp. Neurol. 357:296-
25 317). Due to the dead volume of the infusion cannula and tubing, the
' delivery of neurotrophic factor into the brain began about 1 day after
pump implantation. Neurotrophins maintained in osmotic pumps at
37°C for 12 days were completely stable, as determined by bioassay,
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70 WO 01/12810 PCTILTSOO 20432 Differences between experinmental groups and
their respeg‘;d'(y?n §ontro| groups were evaluated by unpaired t-test. Results
5 1n a seri griz perinents, quinolinic acid (50 nnol) wWeET/USOAR@A2 ed i nto
the left striatumof adult rats 3 or 4 days after the start of
intrastriatal infusion of neurotrophic factor ' by osnotic punp (nom nal
delivery rates: human NGF, 10.8 g/day; human BDNF or NT-3, 12.0 g/day; rat
CNTF, 9.4 g/ aagl) effébtwedmmasrbrf’atahidelh\'rerycomtrmciniametmphm twasredi um si zed
striatal out tute ove 90% of al | strlatal

ur ons con
neurons, yet ﬂ@&sth@‘@PFPBtséq’Ch%Bb’Gﬁ a‘it?B'HEQOP Sestionsr ierc théit er neur ons

1962 Exper F%éﬁ@iﬁﬁﬁéﬁsf%gwmf‘ié&ioép 3. P48 L, CRhTC Rl 287,25+

1994, Exp. Ngyypl . Thiedof folp &fys alifetr manprRnpRAAtatons @ie%éﬁteét@t@ed
sections frombrains collected 8-9 days after injection of quinolinic acid

denmonstr at edreceived g finjeation sefaquimglivic asitl &0 snmetl istt it phosphatens i n
BDNF-, NG~ r NT-3-treated brains n additional set of
oxper | mrent o, DHECCH oA 2 SRET P wabUGshanEiHay e, BidH snaula S8Ms %50 was
|njected7d E e BDNS, ri king
contrast, nezp}h fé@?‘@“@ﬂl sﬁa@ésl‘g{wf [ ca%(tqadﬁgr ea”ﬁ{”ﬁﬁﬁ&h ra%soq%’r eated wth-
CNTF corrpared torats treated with vehicle alone (Fig. 14), as determ ned
by neuron counts that dem)nstrated a rrean percent survival ( SEM of 69
17 and 29 11 % Irephicifactaryd nby i daily cipn. t Ao R2sgauge gwide4), or

d b _ f s | .
15 3F i REnRa: B2 Fim “ene W%sei% ”H&t %f'nﬁf?%r'ﬁecﬁ oo ie 388 °F s buchout
the striatal h@ﬁﬁé’phéﬁf Féiél"éé)t@i’ cl&ordiidtes | APCoasi ML BIBChi Yhesthetized

rats, as described above.  Beginning 1 week later, anesthetized rats

received a daily intrastriatal injection of Ax1 (0.4 ug in 1 ul, over
10 minutes) or vehicle through the guide cannula using a Hamilton
15 syringe. Ax1 was injected for 3 consecutive days before and 1 day
after injection of quinolinic acid, which was injected as described

above,

Histological Procedures and Analysis. Brains petfusion-fixed
20 in 4% paraformaldehyde were collected 8 or 9 days after the
quinolinic acid injection, and cut in the coronal plane into forty-
micron thick sections that were stained with thionin. In each
experiment, a series of 1 in 12 Nissl-stained sections was evaluated
by an investigator unaware of treatment conditions, and the relative
25 loss of medium-sized striatal neurons was rated on the following
scale: 0 (no neuron loss), 1 (clear but slight neuron loss), 2
(moderate neuron loss), 3 (severe but not total neuron loss), 4 (total

loss of medium-sized neurons within the field of the quinolinic acid
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71 WO 01112810 PCT/ US00/ 20432 G ven the favorable effect denonstrated by
CNTF, a simlar_ . _experinment. was conducted using a pol ypeptide CNTF

recept or agoﬁY%?',’ okine 1. (Ax-1) (24). As observed after PEOMSAI/ZM32AL i ON
of OCNTF, infusion of Ax-1 (4.8 .tg/day) resulted in significant sparing 5
of mediumsized striatal neurons exposed to quinolinic acid (Figure 15).
This result supports the conclusion that CNTF receptor- nedi ated nechani sns
ef fect prot ectimjectidn)st rinatasesavhieresnéuron ldéAppeaced dntenmbdiatsd to two
excitotoxicity. The neurogrot ective effect of F or Ax-1 was achi eved 10

wi t hout appar ef§fiteflfsef skalbrgaose sbetweasdh e JWo £lasest tgcorgs was; astigaed. f or

xperi ment & wer B b i Ea T Wfrelarniynes EiarpeReRRy by (W, e
(unpaired t -t egfifferenl @bERAREBORY tNE| lpesiniertEMising BDNF tHMPINT-3 were
factor-treated and the vehicle-treated groups in the CNTF 15 experi nent

were 3695 20 gwithin 3B-D.5 lpoigts rafseach | olbley, fof pd@: of. 22) ratsméedrrélatipnwei ght s
in the Ax-1 experipent were 431 26 g and 453 t 14 g, respectively, (p =
0.44). Two addCOPHICEMep&8inPmQ0Gbre perforned to determine whether the

ermi nati on of neur Bt M eBePdEr GEhe; GhIf: Hsurdh s SRefies' Slaudetsl 1«
effective whenpy touming eRRirohs tinogédtiorisatdiin 0.5 mial irgstrad to nther ifusient | v.
In the first experinent, rats were infused intrastriatally with Ax-1 (4.8

g/ day) or-vehi cesnélax Fatagach settione malrdns ewvgrengountedrithal dttersectedoval
f th ti .25 _Qui nol i.ni i injected into the striatum.3
oo G0t BB yoRkam Ay o IS, S Esimb by e PO B Sl e
intrastriatal flis®chis°% Bla Mt Withth GHEIRUA sHERIM.S FiRte BirSlPnIPef O €

and 1 day
was located slightly lateral to the center of .the striatum, at the

center of a typical quinolinic acid-induced lesion (i.e. immediately
rostral to the tip of the infusion cannula). The six other fields were

15 selected by moving diagonally from the first field, twice each in the
dorsomedial and the ventromedial directions, and once each in the
dorsolateral and the ventrolateral directions. To control for
possible variation in section thickness, seven fields in equivalent
locations were sampled in the contralateral striatum (approximately

20 600 neurons counted per 7 fields), and neuron survival was
expressed as a percentage of neurons on the treated side relative to
the intact side. The results of actual neuron counts (31 and 61%
neuron loss for CNTF- and PBS-treated groups, respectively) showed
close agreement with the results of the neuron loss scoring system

25 (mean neuron loss scores of 1.67 and 3.25, respectively), as
assessed by regression analysis (Spearman rank correlation
coefficient=0.82, p<0.05).
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after intrastriataf - injection of quinolinic acid (Fig. 16B); thus these
72 WD 01/12810 PCT/US00120432 rats received a total of only 1.6 g Ax-1. In
bot h experi MERAP¥I2810y; ¢ oscope anal ysis of Nissl-stained secrismzoss:
denonstrated significant sparing of nmediumsized striatal neurons in Ax-1-
treated brains that was conparable to sparing seen. when CNTF or 5 Ax-1
were infused continuously for the duration of the experinment (Figure 16).

Di scussi on  Si nce Differerit@% betwéen nexpearimental t (o uptsr iapidutheir erespective 10
sized, GABAergic, striatonigral and striatopallidal projection neurons
(Graybi el , A d@antroj ggnoups| were sevalyated by uppalpdskiasty esults  show t hat
treatnent with CNTF or a CNTF receptor agonist protects striatal output
neurons agai nst excitotoxic insult. Thus, CNTF Is one of the first
purified trogesufigct ors denonstrated to protect striatal 15 output neurons
after pharnmacological application in an adult aninmal nodel of Huntington
di seases Anpng ot lirera fseciesr of dxpesiaients,z qdjnoliaid yacid g&0mamol)wwas basi c

fibroblast growmh factor has been report to dim nish the sjze of a
striatal | esi'BWCFEPFLd'é'@dﬂBﬁ/ 'eftnﬁglﬁtp'@nogfa‘ﬁlﬂhé?WIs- Br o8 pdRYSradterNiss)  or

B ood Fi ow vt OF  huBsuRB, RAAGR of MewptREHE ;o™ py dBIgic i oq
Flow Metab. pumg YRomial - detivehp valesNGanser NGF,N908 Rokddlya Huparnna@pntEed near

the striatum have been shown to protect nedi umsized striatal neurons
from qui nol i rarcNae3,d12.0 pglday et GNTE, 8.4 polday,. [his drmeoof quigdini@s 370;

sur vi VB9 - pr oSid g Biedl” e THESEiZRB, P L PP APOREAMIIOR )  agr cerment
with several gaktitRe v g, (SR GIEStridthl HeurodS99et leaves the striatal
'populations of cholinergic interneurons and parvalbumin/GABAergic.
interneurons largely intact (Qin, et al., 1992, Experimental Neurology
115:200-211; Figueredo-Cardenas, et al., 1994, Exp. Neurol.. 128:37-
15 56). Microscope analysis of Nissl-stained sections from brains
collected 8-9 days after injection of quinolinic acid demonstrated
no significant sparing of medium-sized striatal neurons in BDNF-,
NGF-, or NT-3-treated brains (Fig. 13). In an additional set of
experiments, no neuron sparing was apparent when quinolinic acid
20 was injected 7 days after ihe start of BDNF or NGF infusion.
In striking contrast, neuron survival was significantly greater
in rats treated with CNTF compared to rats treated with vehicle
alone (Fig. 14), as determined by neuron counts that demonstrated a
mean percent survival (x SEM) of 69 + 17 and 29 + 11%, respectively |
25 (unpaired t-test, 1(5)=2.12, p=0.04), or as assessed by assignment of
semi-quantitative neuron loss scores (Fig. 15). Surviving neurons in
CNTF-treated brains were disseminated throughout the striatal area

affected by the quinolinic acid injection.
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Neurosci. Lett. 140:161-164; Venero, et al., 1994, Neuroscience 73 WD
01/ 12810 PCT/ USO0Q/ 20432 91: 257-268; Kordower, et al., 1994, Proc. Natl.
Acad. Sci. USROWA2HB77.9080). This finding suggests that NEETIUSIMSH32t he
sol e nedi at or of the neuroprotection provided by NG--secreting
fibroblasts. W did, however, observe that the large, darkly 5 staining,
presumably cholinergic interneurons were nore pronminent in NG-treated

brai ns, as previousiGivespibet tavoréblel effecetdemtonstiied, by NBNﬂ'Gsca sulndat’
140: 161 164; Kordower, et at., 1994, Proc. Nati. Acad.
91: 9077- 9080; FRXPEFIMENtawas, cendugted usjng amnlypgpt%&%EElreceetoroe 711)"

Cestri oted fo csieriiding, I ﬁtﬂw o BnPRSEN e Aty adrifygtdrop of
Res. 612: 330- 335N TFC GRRJsIHS N6f ﬁ] (4 ﬁ?l@ﬁwgre%hltéd e lsfgrifidant Dﬁbﬁhg()f

NGF on these neuron$, whereas e high-atfinity receptors for

NT-3 (Tr ki and ofr k@dummesueedresmal hpuransm;mmsexdedm woisolinid acid §Figure
neurons (Altar, et al., 19 Eur. 15 Neurosci. 6: éN& 1405). BDNF and
NT-3 (unlike Nd%) pr d’ﬂ%tr@sﬂﬁes“@ﬂrﬁ Jhe %‘%‘H@ﬁot i FREIHPrat i on of

To0s Dov. " Bi ol Mediated, Heshahiind ofiey Protedin %fv§§@§a'( Hebtote Rbnfocei).

Mor eover, theSNEMKD?Wﬂ!dé}ﬁbl’-@ﬁedié[b@r@iﬁ%to&ﬂﬁy’ﬂ n neuron popul ations from
20 4l ut amat e toxicity invitro (Lindholm et al., 1993, Eur. J. Neurosci.

5: 1455-1464; Shi noh3ine neurq.’orotedmseffaleuotbsGNTH_ertAx-JmWaBSaeBuevedheng, et

al., 1994, Brain Res. 640: 56- ) rt hel es I nf usi o
does notl@ppearW ‘f'bo‘ﬂr BPBEEGQ& ?F‘\)é?réﬁ sliepist oﬁegPﬂﬁg'oraﬁ'éﬂétth\ﬁ%'“g'cated

rﬁf‘:ﬁglt 8; g}sdgg}\flﬁp 'g’t gpl Igé)(??%;ar a P(tl V?os??sw%gt@gagg%e:\dgéﬁge IO Iocggi cal
effects in the théremmmends averevhot emgmfrchﬁtly affected by CNTF or Ax-1
treatment (unpaired t-test). The mean body weights (+ SEM) of the
trophic factor-treated and the vehicle-treated groups in the CNTF
16 - experiment were 369 + 20 g and 331 = 15 g, respectively, (p = 0.21),
meah body weights in the Ax-1 experiment were 431 + 26 g and 453
+ 14 g, respectively, (p = 0.44).
Two additional experiments were performed to determlne
whether the neuroprotective effect of CNTF receptor ligands might
20 persist after termination of neurotrophic factor administration, and
whether treatment is effective when a lower dose of trophic factor
is delivered intermittently. In the first experiment, rats were
infused intrastriatally with Ax-1 (4.8 pg/day) or-vehicle for 3 days
and then delivery was terminated by removal of the osmotic pump.
25 Quinolinic acid was injec;:ed into the striatum 3 days thereafter (Fig
16A). In the second experiment, rats received a daily intrastriatal
injection of Ax-1 (0.4 pg/day) or vehicle for 3 days. before and 1 day

after intrastriatai- injection of quinolinic acid (Fig. 16B); thus these
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brain (Lindsay, et al., 1994, TINS x:182-190). The contrasting results
bet ween incébg&land in vitro studies may be expl ained by 74 WD 01/12810
PCT/ USCQQ 2 ¥ er ences in neuron type (striatal vs. RCPES¥EMsal
cortical or cerebellar), a difference in the devel opnental stage of the
neurons (adult vs. enbryonic), or the presence of glutamatergic synaptic
I nput in vivo. 5 The neuroprotective effect displayed by CNTF receptor

l i gands rmmay raicr¥ceived @gbotatliof esilyatsi pg Ax-1nednubbth expefitnentd,al neurons,
since there is abundant expression of nRNA for conponents of the CNTF
recept or ( CNTHREgsaoperBnafsisoff iNsshslained ssegHons, despoastrated1993, Neur on

10: 89-102; Rudge,. et, al ... 1994, Eur. J.-Neurosci, 6:693 10 705). Potenti al
mechani sns ni° m?%tl FRENRE, é‘?amegfﬁ“%‘fs?%g E&f‘ﬁ?bs’ﬁ%ﬂnﬁr ol t'i on of

gl utamat e re¢RRtEY bran3eiHaR Ywa® Udnipdlable) €' 'sPArngNSeéh Whhdn IENBFUsaNat er gi ¢
stinmul ation, or enhancenent of the neuron's capacity to regulate the

cyt osolg c cowxentwete dnfused cehtinuousipnforathe miuratice ofn théi exparimémought to
be a critical __event 15 initiating the neurodegenerative process (Choi, D
W, 1988, NedFighre 16)623-634). The possibility that CNTF acts as a

gl utamate receptor antagonist to block quinolinic acid-toxicity is

unli kely, since CNTF does not block the toxic effects of glutamate in
vitro (Mattsonsc@ésionl -, 1995, J. Neurochem 65:1740-1751). 20 On the other
hand, CNTF receptor ligands could potentially act indirectly, via other
conponents of theSitcei avemm90Ferofethenpeuronsein thestiiatumfanei mealiuras corti cal

<1 gni i Gant  SER%: FABAR e SOalDg: And: S HERAUA| BrPIeGPE M, 1990
Igif‘g;'_\'ggg;’ﬁlﬁkmrgsg@ﬁ%ibiéé R, 18905 SPINS i3:8k4:2543 4he NIRRT reshRL -
show that treatment with CNTF or a CNTF receptor agonist protects
striatal oufput neurons against excitotoxic insult. Thus, CNTF is one
of the first purified trophic factors demonstrated to protect striatal
15 output neurons after pharmacological application in an adult animal
model of Huntington disease. Among other factors characterized,
only treatment with basic fibroblast growth factor has been
reportéd to diminish the size of a striatal lesion induced by
injection of N-methyl-D-aspartate (NMDA) or malonic acid in adult
20 and neonatal rats (Nozaki, et al., 1993, J. Cereb. Blood Flow Metab.
13:221-228; Kirschner, et al.,, 1995, J. Cereb. Blood Flow Metab.
15:619-623). Although NGF-secreting fibroblasts implanted near the
striatum have been shown to protect medium-sized striatal neurons
from quinolinic acid in rats (Frim, et al., 1993, NeuroReport 4:367-
25 370; Emerich, et al., 1994, Exp. Neurol. 130:141-150), we obtained no
survival-promoting effect on these neurons with purified NGF, in
agreement with several earlier studies (Davies, et al., 1992,
Neurosci. Lett. 140:161-164; Venero, et al.,, 1994, Neuroscience
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that the conbi ned actions of exogenous toxin and endogenous
neurotransmtters are required to induce cell death. Thus, a reduction in
synaptic tranMBM428h at either glutamatergic or 75 WO 01/ 1PBTWS00/20432

PCT/ 13S00/ 20432 dopami nergi ¢ synapses would likely protect striatal
neurons froman injection of quinolinic acid. Al though astrocytes do not
normal ly express detectable CNTFRa in vivo (Ip, et al., 1993, Neuron

10:89- 102), aghrawpbes; wor€swerset al.l 10VE ProeemN4tl. Aeg90oTent gsehen 5
activated by brain injury or_when maintained in vitro (Rudge, et al.,
1994, Eur. J. B@#iRGEEP088).c9BRiBoHNdingustggesterbat iNGFaisonobthe selel i very of

CNTF appears to agtivate astrocytes 10-48 hours. after . _exposure, as
i ndi cated by i alos 1ok e HRUTGPreieclpn; PER"."F?‘A%Y iﬂﬁg‘ﬁgﬂﬁﬁ'aﬂei nand its

MRNA (Levi son, g 1 » 40 ‘%% ' 2L 497 .« Mt er, et

al ., 1995, Pr OQSF%ﬁJﬁtS Ag,g%.d@(:icho A@%ggﬁ@ﬁgééﬁe wg?hgrawg?t i vat ed

i ndirectby or gtdigitg, Yprasumdtly eRblimengicSnterneliomy audiee Mok qQsrommineny al
t hrough enhanced seguestratlon of excitatory am no acids or by rel ease of

subst ances t hain NGFdatedchrains,. agspraviously i repartede (Paviesomil aki 4992,
protected fromexcitatoxic age, by recept of - jated events in the
present st udy%@roﬁﬂe%§w£3'£¥e%%7=l%s?{'i m&mt'?% dﬁaﬁh &c3de
(Al bin, et al.gpj , rgqﬁs r by ; 7 A ept § Lk
bet ween exci tgtc{)'}(llgggs’?‘?‘_'rm at ?Waﬁ'?%&é‘ﬂ’é’d%ﬁ%?é??%ﬁ %q?'t't 'eN%tltJJFlét’élé?n'gton
20 di sease geng:706-71dyeniStylattcoxpreastot af (HarhighkaffinityaNGF 1e@eptor,

Neur oReport 6:1121-1124; Tatter, et al., 1995, NeuroRegor.t _6:1125- 1129).
Wi | e elxQensi vaTkA LS cestiictedn to ehplingrgico intgsneuraps; Keteipingatni etmalwhi ch

ead Lo Hunt| n9b00 HaiA3e ¥131ddIabEN BoRbistdi AR 6! MiRiby bl cate

selective action of NGF on these neurons, whereas the high-affinity
receptors for BDNF and NT-3 (TrkB and TrkC) are expressed by
numerous medium-sized striatal neurons (Altar, et al., 1994, Eur. J.

15 Neurosci. 6:1389-1405). BDNF and NT-3 (unlike NGF) promote the
survival and phenotypic differentiation of embryonic, GABAergic,
striatal output neurons in vitro (Mizuno, et al., 1994 Dev. Biol.
165:243-256; Ventimiglia, et al., 1995, Eur. J. Neurosci). Moreover,
these neurotrophins can protect certain neuron populations from

20  glutamate toxicity in vitro (Lindhoim, et al., 1993, Eur. J. Neurosci.
5:1455-1464; Shimohama, et al., 1993, Neurosci. Lett. 164:55-58;
Cheng, et al., 1994, Brain Res. 840:56-67). Nevertheiess, infusion of
BDNF or NT-3 does not appear to protect striatal output neurons
against NMDA receptor-mediated excitotoxicity in vivo, although

25 intracerebral infusion of BDNF or NT-3 at comparable doses elicits
pronounced biological effects in the striatum and elsewhere in the
brain (Lindsay, et al., 1994, TINS 17:182-190). The contrasting

results between in vivo and in vitro studies may be explained by
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25 excitotoxicity (DFiglia, M, 1990, Trends Neurosci. 13:286-289). 76 WO
01/ 12810 PC{*&§%%0432 EXAMPLE 8: PEGyl ati on of Axokine Pro ein

Pegyl ati on of "protel ns has been shown to increase their i $CVUS@ 20482t ency by
enhancing stability and bioavailability while mnimzing 5 imunogenicity.
It is known that the properties of certain proteins can be nodul ated by
attachnment of polyethylene glycol (PEG polyners, which increases the

hydr odynani c diffetereesf irt meyront tipe (stniatalheselhippoenapal, scortieat arce by
kidney filtration. (See. CJark, R, et al , 1996, J. Biol. Chem 271:
21969- 21977) .Cafgbelarn, foda%%?%ﬁ d hecgexneldpmenial $tagg ofothe ARUrNS i nki ng

et hodol ogy 1BOLK T pEoNEh i Y offenthtS, Bf MuGRERIE a1 "

unnodi fi ed mMhgguliesviveEGY! ated Ax-13 has better solubility and stability
properties, at physiological pH than unPEGyl ated Ax-13. 15 PEGyl ati on has
been stown to gredihey nentoprotegtiver effeck displayed yo GNTF eeceptoxx li@ndsnd

woul d. be expected to simlarly enhapce the roperties qof other Axokine

mol ecul es.  PURRY | PukcNTeUGR, ditedt ARKOR on dpeRIUBSiZRL Sttal| RRLONS: g es.
20kD nPEG SPA; ain R |l r Si gma,
and Tris-d y'(%")r{]%gg)ﬁ%lgalsst gggﬁégﬁr gﬁnﬁ%\\%@f%&&ﬂhﬁ@ F%@@?géﬁggc@?onl gt udy -

was set up t CFFefgieptor gcigﬂmﬁnh,cgmhs,i GPF30) R0k ?E@ﬁ&h,\ﬂ@@ateaet ed

with purified Ax-13 at a final concentration of O. , at 4Cin an
am ne-free buigogd; NéurnpiDE9-102;1RulBbalket rall, i DA TEREQ. tideurosERi 6 603-€

varied and two reaction 25 tines were used., The reaction was stopped by the
addi tildh of 05ri Ratential meghanisingemighie include Altergiiopr etithes wer e
analyzed by JodUcliB] SPTuReidn df GIRtaRTRE’ ARbERY! fhefdny PRodTidgs" 2t 2

neuron sensitivity to glutamatergic stimulation, or enhancement of

the neuron’s capacity to regulate the cytosolic concentration of

calcium ion, an increase in which is thought to be a critical event

15 initiating the neurodegenerative process (Choi, D. W., 1988, Neuron
1:623-634). The poséibility that CNTF acts as a glutamate receptor
antagonist to block quinolinic acid toxicity is unlikely, since CNTF
does not block the toxic effects of glutamate in vitro (Mattson, et
al., 1995, J. Neurochem. 65:1740-1751).

20 - On the other hand, CNTF receptor ligands couid potentially act
indirectly, via other components of the striatum. For example,
elimination of nigral or cortical input to the striatum prior to
exposure to quinolinic acid results in a significant reduction in the
loss of striatal neurons (DiFigiia, M., 1990, Trends Neurosci. 13:286-

25 289; Buisson, et al., 1991, Neurosci. Lett. 131:257-259) indicating
that the combined actions of exogenous foxin and endogenous
neurotransmitters are required to induce cell death. Thus, a

reduction in synaptic transmission at either glutamatergic or
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nmol ecul ar wei ght of approxinmately 60 kD. Hi gher order nodified 77 WO
01/12810 PCT/USOQO 20432 bands that ran at higher nol ecul ar wei ghts were

al so seen. Bad¥0I#¥B10t hi s study, an overnight reaction at a PefEESHH2zNAs0t €i n
ratio of 4 was chosen. Ax-13 at 0.6 ng/nL was reacted with 20 kD nPEG SPA
ina 5 Bicine buffer overnight at 4C at a pH of 8.1. The reaction was
stopped by the addition of a primary amne in |arge excess. The reaction
product was dil %i%?%as}rﬁbé“eﬂ twdWé | fkeldnSratesl istdatad ﬁ&:rdn@nfw@mge
colum. The colu shed wth a low salt buffer and eluted with a

NaCl gradi ent. injegtion ofegairaline WHV\BG‘H‘(HQL!QHE@SII@GWQEMG aratsnoEmaldy ent MV

>66kD on SDS- PAGE), a distinct nodif speci es that ran at about 60kD and
unnodi fi ed Ax- EXPFESS &ﬁ%ﬁﬁ@éﬁ NrchﬁqC cﬂhéﬂ\&)ﬂf-’e%cﬁidlwa Newrensb@18%and
were tested inﬁzsl oassay. [Cgﬁ]ﬂ of upnodi fied Ax-13 was
noticed in the c??HﬁﬁVte§ogPe§ ﬁ&ﬁ FEEERIPTHSREPONENES WHED ¢ hat

the 60kDDand Sevaist Brefrafnr Fiyrraot JHE ndhfihet R Wit Duidel STaBCLE)
that resulted 1l994biﬁ|.ﬂ'| IJENEGrFSoR! 8BRIFOBREN Fuktiedimored lﬁtfaééreb"rdl t he

60kD band. The purlfled nodi fied Ax-13 was tested in a Bioassay and the
resul ts were iigliyennhgdli NIF appears titoactivaieaastrocyiash 1048 Joounst efteal

D5 The oxpr ossCROBIE NS DREHZY BYaArenset RPTPaC AT OhAL D ARG AHC.
TR LI, ESysaRs Sy MO ont 4, S, SYCEaRATHRT <0
enzyne rie@ogni 2l049EeWintere e8'all,01998; Proc. Natl. Acad. Sci. USA 92:5865-
5869). Whether activéted indirectly or directly by CNTF, astrocytes
might promote neuron survival through enhanced sequestration of
excitatory amino acids or by release of substances that protect
neurons. |
15 The striatal neuron populations protected from excitotoxic
damage by CNTF receptor—'mediatéd events in the present study are
the same types selectively lost in Huntington disease (Albin, et al.,
1989, Trends Neurosci. 12: 366-375). A potential link between
excitotdxic stimulation and increased expression of the Huntington
20 disease gene has recently been suggested (Carlock, et al., 1995,
NeuroReport 6:1121-1124; Tatter, et al., 1995, NeuroReport 6:1125-
1129). While extensive studies are in progress to identify the
mechanisms which lead to Huntington disease, existing lines of
evidence clearly implicate a role for NMDA receptor-mediated

25 excitotoxicity (DiFiglia, M., 1990, Trends Neurosci. 13:286-289).
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78 WO 01/12810 PCTI USO0/ 20432 stop codon. This plasm d was used to

const ruct avm@%l?\w mut ati on Cl7A, @63R, eCl5 (designated Ax-15) by PCR
anplification 187 bp BseR | -Eagl DNA fragnent that PATGSWEMERes t he
&C15 nmutation. The 5 prinmer {ACl5- 5 (5 5
CCAGATAGAGGAGTTAATGATACTCCT-3"')} encodes the BseR | site and the 3' priner
AC15-3" {(5" GCGTCGECCGCGGACCACGCTCATTACCCAGTCTGTIGA GAAGAAATG 3')}  encodes

the Cterm nEXAMPLE 8x-PEQylatienddhAxakiteyR8otéhi| oned by two stop
codons and an Eag | restriction enzyne recognition 10 sequence. This DNA
fragment was digested with BseR |1 and Eag. | and ligated into the sane

(huran ONTE c17, PRGeRHS ot MoRIFSHAE bebfShiten 38°RciSade TEF AR L0, .
339 bp Hind lpotedsio By dAWaricimgnstabilityt and Nsioaeailabiiey divhde Siisitivinghi n

pR&421, a high 15 copy nunber expression plasm d encoding the gene for
kanamyd n r émnmutnmgesnicityd hitnisn kabwh CIERAthGE FRopedies ofheertainu proteins

| 1 d, RG643 d f Ax- 15 t I nti | trol
bt ““Che. | ab U8 peTBpANEte B SHAErDRL A Ryabiie aiiel PRI Ax- 15 gene
Bepr ocsi on: aRdVRRER WARRC o886k S euYRabic AEMESHfind pprofdl | Scal ©
cont ai ni ng pBAa3themaby wlows it ddarahcedsy kidrayd fitratiorssi (Beafe.Ax-CGRrkr ot ei n

was i nduced by the addition. of lactose to 1% (w v). Induced cells were
harvest ed by R.ceh@ti 1998t iJorBiot Lhripe ”ddd 2186IL 1AM 7)r | WebavepH 8.3, 5 v
EDTA, 1]0 9 generated PEGylated Axokine by covalently linking polyethylene

glycol (PEG) to Ax-13. We have also developed a purification

methodology to separate different PEGylated forms of Axokine from

unmodified molecules. PEGylated Ax-13 has better solubility and

stability properties, at physiological pH, than unPEGylated Ax-13.

15 PEGylation has been shown to greatly enhance pharmacokinetic
properties of Ax-13 and would be _expected to similarly enhance the
properties of other Axokine molecules.

- Purified Ax-13 derived from E. coli was used for these studies.
20kD mPEG-SPA was obtained from Shearwater Polymers, Bicine

20 from Sigma, and Tris-Glycine precast gels from Novex, CA. A small
scale reaction study was set up to determine reaction conditions. .
20kD mPEG SPA was reacted with purified Ax-13 at a final
concentration of 0.6 mg/mi, at 4°C in an amine-free buffer at a pH of
8.1. Molar ratios of PEG to protein were varied and two reaction

25 times were used. The reaction was stopped by the addition of a
primary amine in large excess. Reaction products were analyzed by
reducing SDS-PAGE. The predominant modified species ran at a
molecular weight of approximately 60 kD. Higher order modified
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WO 01/12810 PCTI USOCO 20432 nM DIT, and |ysed by passage through a French
pressure cell g@t éﬁ 000 psi. The cell lysate was centrifuged and the
pellet was r g‘ﬁ Bed in 8 M guani di ni um HCl, 50 nM Tri s- ROT/US0ME3I3,
0.05 nMEDTA then diluted with 5 volunmes of 50 nM Tris-HCI, pH 8.3, 5 0.05
'mM EDTA (Buffer A) followed by dialysis against Buffer A The dialysate
was | oaded onto a Q sepharose colum equilibrated wwth Buffer A The Ax-15
protei n was el bards that ran retahigheadnaetular weightd\av@re alsbOseen.unBased wmes

of buffer. Fractions containin -15 were pogql and brought t M
(NH) 2508 by HUS CHUAY achh VBHIGAL T83CUR (it R TFSST IATAIS. TadPnbh W  he
pH at 8.3 by tgﬁogg’?ition of NaCOH. The pool was | oaded onto a

phenyl - sepharose "col'um equilibrated with 1 M (NH4)2SO4 in Buffer A.. The

col um was washed nkifB @t 9.8/ s reactBdf Wwith 20 KDYInPEG SPALIn R ot ei n

was eluted by a linear gradient of decreasing (NH4)2SO4 concentration. 15
Fracti on$ cont Bicihedufferldvemighti at 4T eatpaoplddof 8ithl yHwal regelioswas mv
ultrafiltration., The concentrated pool

NaPO4, pH 8. 3, Ephen concentrated b

was fractionat & %?daﬁyégﬁhégﬁ"}‘f’"&1@6"88?%?’“‘8&&”1 lasee 1 xFeRSt h THemv
NaPO4, pH 8. 3. 1 . ' i fd '
PO PH S 3. GBS, ok et R, BRSSP A 848 doriid 99 o

expressi ng t hejoglcetéhaigs YolumndeTheacolinmiwas washad withp BRoIid)sall buirs
grown to an internediate density of 30-35 AU550 (Absorbance 550 nM in a

m ni mal sal ts, agtueloted weth anNeGhtgradiend. 24 goad separatigritetweeprkighieon of
LS P el MR IR PR 68k b SR PRI sidina?hasigd’ °°
species that ran at about 60kD and unmodified Ax-13 was obtained.
Fractions corresponding to the 60kD band were tested in a Bioassay.
A very faint band of unmodified Ax-13 was noticed in the fractions
corresponding to the 60kD band. To ensure that the bioassay resuits
15 were not influenced significantly by this material, the 60kD band
was further purified by Size exclusion chromatography (SEC) that
resulted in baseline separation between unmodified Ax-13 and the
60kD band. The purified modified Ax-13 was tested in a Bioassay and
the results were indistinguishable from those obtained with the
20 material prior to SEC.

EXAMPLE 9: Construction of Ax-15 Expression Plasmid
pRG643

25 The expression plasmid pRG632 is a high copy plasmid that
encodes ampicillin resistance and the gene for human CNTF-

C17A,Q63R,AC13 (also referred to herein as either Ax1 or Ax-13)

with a unique Eag | restriction enzyme recognition sequence 3’ to the
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was continued for an additional 8 hr. Ax-15 protein was expressed as

I nsol ubl e i %H?Izz?iﬁ bodies follow ng | PTG i nduction. Post induction, cells
wer e harvested | paste concentrated, and buffer exchB¢fEHRMI20 MV
Tris, 1.0 nMDTT, 5.0 mM EDTA, pH 8.5 via AGI 5 500,000 nol ecul ar wei ght
cut off (maco) hol | ow fiber diafiltration (ACG Technol ogies, Inc.).

I ncl usi on bodies were rel eased fromthe harvested cells by disruption via
r epeat ed passh:’gpecocﬂom:ooﬂasl mlasmicD @ascused pacoastucpansumant@NdEgh a

conti nuous fl ow, _hi gh essure P\(Ré8 00Q psi), Niro Soavi honogeni zer. The
hompgenat e wEX!tatien egﬂ dt AxolR)nby RER amplificgtipn

conti nuous fl ow, h| speed >17 000 X G l.es centrifuge ésource) to
recover inclf |aoF\87 BseR k ePNA fragment ﬁ'agdﬁ‘i’%@%% thet4&dGed in 8.0

N S et ST (7S 18,2 oD g e, sl of v
di afil d 000 fihb I
0o o, LR ABE R Ay B e SR b

Ax- 15, was f{Hé%se@,”{.‘glr%@%as- M grogon 0.22 Rmhol I ow fiber filter (ACG

Technol ogi es, |nc rior to chromatographic purificati-on. 20 EXAMPLE |

Col umm Chr O”EU@T@CEGUC@GGNG@RGGGTGNTMAGVC?G & GARGIAATE-8g) AX- 15

sol ution described above was | oaded onto a 25 16.4 L DEAE Sephar oSe
( Phar naci a) eomdﬂs dhe 10-tormipusi of dbe A8 genshendingt at Sly185 doliewediV

Tris, pH 8.0-8.3, 0 MM DTT, and 0_05 . mM EDIA buffer. The Ax-15 protel'n
was el ut ed fpﬁnti"‘loné %Pﬂﬁﬁ"svﬁ"i ap Fag hiesidetion enzyme raeognilienTr i s

buffeqg Bl uaggqfafeecdirhis BN f?ﬁ@n?éﬁ't]@%%&ﬂéyw #4%%| and Eag | and

ligated into the same sites in pRG632. The resulting plasmid,
pRGGSS, encodes the gene for A_x-15 (hLiman CNTF C17A,Q63R,AC15).
The AC15 mutation was then transferred as a_339 bp Hind IlI-Eag |
DNA fragment into the correspondihg sites within. pRG421, a high

15 copy number expression plasmid encoding the gene for kanamycin
resistance and human CNTF C17A,Q63R,AC13. The resulting plasmid,
pRG643, encodes the gene for Ax-15 under transcriptional control of
the lacUV5 promoter, and confers kanarﬁycin resistance. The Ax-15

- gene DNA sequence was confirmed by sequence analysis.

20 . .
EXAMPLE 10: Small Scale Expression and Purification of
Ax-15 protein
E. coli strain RFJ141 containing pRG639 was grown in LB |
25 medium and expression of Ax-15 protein was induced by the addition .

of lactose to 1% (w/v). Induced celis were harvested by

-centrifugation, resuspended in 20 mM Tris-HCI, pH 8.3, 5 mM EDTA, 1
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previ ously established 280 nM absorbance criteria of 40% maxi rum A280 on
the ascendi ng_portion of the peak and 20% of maxi num A280 on the

descendi ng poP\P‘??fﬁzﬂP t he peak was pool ed and either st oredPCTusSsE204§2- 3000)
or used in the next step of the purification procedure. 5 Pool ed el uted
Ax-15 protein was adjusted to 1.0 M amoni um sul fate by gradual addition of
the solid conmpound, naintaining the pH at 8.0-8.3. The sol ution was

filtered througiMdDDT2and Iysédiityopassege ttapsghea fhireneh pressuredcelhiad a 12. 5
L phenyl Sephargse HP (Pharnmacia) colum at 8

24 /m of resin, and
washed with 5510.080 psg Mhe a&maﬁf%ﬁrgnfwesg%m the Paligt s wi t h

0. 05 mM EDTA, - 0- 8.3 L] owi 1g. . ] 0 Lum
sul fate in theP%%R%“?F’P_s'nbgﬁ\neﬁ‘\:‘\éélﬂg‘%ﬁé"tﬁ%\?ﬁmwrm%&@ﬁy?%%ma 125
m - amoni um SMatBTATiHeh BHideRr WilSH vidl@imesEoLBbEmMK CRRAHTI, pBr 8\3,0us! Y
establ i shed 280 nM absorbance criteria of 100% maxi nrum 15. A280 on the
ascendi ng port 0005 oMt BB TiPe{Butferd A)0fblioiveth by ndialysis Ggaimstt Baffde Acenbhe g
portion of the peak was pool ed. El uated\%sep si mul t aneous jluted 1:4 into

50 lm\/ldTri s, pHIBlysaleswas l’O@fdeCkAPDHbL% hagose ARIWMN, 'gﬁeﬂmatqq With,
= i _ in b ' .
ool ed hycr ophBHIET 75 T8 A%5CHrata asoBuEd by B ifeat Brad¥ht ot W

concentrated t Nadt i 18Ngoldindf Volghed ofbatfer.S. BradticirdcontdihingpAxt 15 buf f er

pH 8.0-8.3 wusing a 5, 000 mwo AGT hollow fiber filter (ACG Technol ogi es,
Inc.). The pHwesis potiled tand broughd-to. 2 MniiNil)aS€& 4 bprthersiow additiph ¢fr opyl

concent ik ed (58U “BH3RIanaos vl ananianh. B HEC 2l Hadnedhe AIPR uas
R T A D
pH 7.0. The Axedbilibratedi withas M2NH,),SO, in Buffer A. The column was washed -
| - with 0.5 M (NH,),SO, in Buffer A, and the Ax-15 protein was eluted
by a linear gradient of decreasing (NH,)>,SO, concentration.
15 Fractions containing Ax-15 protein were pooled, dialyzed against 5
mM NaPQ,, pH 8.3, then concentrated by ultrafiltration. The
concentrated pool was fractionated on an Sephacryl S-100 column
equilibrated with 5 mM NaPO,, pH 8.3..

20 EXAMPLE 11: Large Scale Expression and Purification of
Ax-15 protein

A recombinant, kanamycin resistant E. Coli strain RFJ141
expressing the Ax-15 protein under lac promoter control (pPRG643)

. 25 was grown to an intermediate density of 30-35 AUgg (Absorbance @
550 nM) in a minimal salts, glucose medium containing 20 pg/ml
Kanamycin. Expression of Ax-15 protein was induced by addition of
IPTG (isopropyl thiogalactoside) to 1.0 mM -and the fermentation
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WO 01/ 12810 PCT/ US00/ 20432 eluted wwth a 77.0 L step of 5.0 mM sodi um

~phosphat e, nggwga pH 7.0-7.2. The eluate was sinmultaneously diluted
1:5 into 10 di um phosphate, pH 9.0-9.2 buffer w t REUTUSWAN42t 0

reduce conductivity and increase pH Peak material exceeding 20% 5 maxi num
A280 on the ascending portion of the peak and 20% of the naxi num A280 on
t he descendi ng portion of the peak was pool ed. Pooled Ax-15 protein was
stored frozewds 80A)inged deedn additonal B lhowi Ax-$5 gurotéinowas SPpressadphar ose

Ax- 15 protein was concentrated and djafilter versus.5.0 pM sodi um
phosphate, p@AsS1islylg, @ciﬂﬁ‘ %Qﬁl‘?ﬁ {Qﬁgwdﬁﬂ) indtetion.| oRoBt-ber filter

(ACG Technol; 4. t 0 L.
Concentr at ed u‘?@*cgﬁiq t‘g‘?ﬁgjwég Eaﬁpésttéé‘?ncggs t\ggggﬁgﬁﬁ %écgof rﬁd S@Jff%o
Sephacryl (Pfé&bmé& tSRBIMM TasUMD mMOTE B.ednMl EDT2, HH 8 vid AgTsanme 5.0
mM sodi um phosphate buffer, pH 8. 0-8.3. Peak material 15 exceedi ng 40%

maxi muré A280 560,000 mglamdangwp@fth out oiff t (mwpehkholiow fibes (rllatclteatmm mim

A280 th t f Kk | ed, Th I Ax- 15

orotern was (RCCAEMARGIR D éugﬁ%eoﬁa@e%. Fege Jelgaped, oty B -a0C
to di

P oduced 1ol PEtedFolbb ?ﬁ%ﬁwby i 18BL AR prssRRd G650RH (B o o,

contains a Nmom)ousempas@sdspehﬁbnrmrbb@lmldonahuéuarﬂme h@w Poesiore
01/ 12810 PCT/ USOQQ 20432 5 9 19 29 32 49 52 * * * * * * AFTEHSPLT

PHRRDLASRS | \(¢$QRORSES) INim SoavihonmugenmzEenL hsnborragenate was subjected
10 to two passages through a cooled (4-8°C) continuous flow, high

speed (>17,000 x G) Sharples centrifuge (source) to recover inclusion
bodies. Recovered inclusion bodies were extracted in 8.0 M
Guanidine HCL with 1.0 mM DTT. The Ax-15 protein/guanidine
solution was diluted into 50 mM Tris-HCI, 1.0 mM DTT, 0.05 mM

15 EDTA, pH 8.0-8.3, and diafiltered versus diluent buffer with AGT
5,000 mwco hollow fiber filters (ACG Technologies, Inc.). The
resulting solution, containing refolded Ax-15, was filtered through a
Microgon 0.22 um hotlow fiber filter (ACG Technologies, Inc.) prior

to chromatographic purification.

20
EXAMPLE 12: Coflumn Chromatographic Purification of
Refolded Ax-15
The filtered Ax-15 solution described above was loaded onto a
25 16.4 L DEAE Sepharose (Pharmagcia) column at 10.9 mg/ml resin and

washed with 50 ‘L of 50 mM Tris, pH 8.0-8.3, 1.0 mM DTT, and 0.05
mM EDTA buffer. The Ax-15 protein was eluted from the column
with a 120 mM NaCl step in the same Tris buffer. Eluate exceeding a

81



69 79 89 9*9 109 119 TDRWSELTEA ERLQENLQAY RTFHVLLARL LEDQQVHFTPTEGDFHQAI H
TLLLQVAAFA 10 129 139 149 159 169 179 * * * * * * * * * % % * YQ EELM LL
EYKI PRI | EAD GV RWBBG LFEKKLWGLK VLQELSQATV RSI HDLRFI'S  SH@T@/idei/fissni ne+
10 20 30 40 50 60 * * * * * * * * * * * NAFTEHSPLT PHRRDLASRS | W.ARKI RSD
LTALTESYVK HQGLNKNI NL DSADGVPVAS 70 60 90 100 110 120 * * * * * * % * * *
* * TDRWSELTEA ERLQENLQAY RTFHVLLARL LEDQQVHFTP TEGDFHQAI H TLLLQVAAFA 130

140 150 160 17(@rédusiQeEtdbiishedEXB0 PMMEADsoNANSECD e rid-FfKUOE. I akifddns QAT
RSIHDLRFIS * SHQTG 84 WO 01/12810 PCT/ USQOQ 20432 EXAMPLE 13: Use of Ax-15
to treat obesi tAzsarfPintine asgendingnperian af the perbrard 209X MYMUBs0 ce

Ve o ot ned o g fing TSR B 1FE S BB AN R Egredog
i L A o
truncateds non-Rouletiielodd @arts pproteint wakseadjusjed to 1.0 M ammonium
' sulfate by gradual addition of the solid compound, maintaining the pH
at 8.0-8.3. The solution was filtered through a 0.22 'um Sartorious
capsule filter, loaded onto a 12.5 L phenyl Sepharose HP (Pharmacia)
column at 8.24 mg/mi of resin, and washed with 65 L of 1.0 M
10 ammonium sulfate in 50 mM Tris buffer with 0.05 mM EDTA, pH 8.0-
8.3. Following a 12.0 L wash with 250 mM ammonium sulfate in the
same Tris buffer, the Ax-15 protein was eluted with a 125 mM
ammonium sulfate, Tris buffer wash step. Eluate exceeding
previously established 280 nM absotbance -criteria of 100% maximum
15 Asgo on the ascending portion of the peak and 20% of maximum Asgg
on the descending portion of the peak was pooled. Eluate was
simultaneously diluted 1:4 into 50 mM Tris, pH 8.0-8.3 buffer
without salt to reduce .its conductivity. . Pooled material was stored
frozen (-30°C) or used in the following step. Pooled hydrophobic
20 interaction chromatography (HIC) material was concentrated to 25 L
and diafiltered versus 5.0 mM sodium phosphate buffer pH 8.0-8.3
using a 5,000 mwco AGT hollow fiber filter (ACG Technologies, Ihc.).
The pH was adjusted to 7.0-7.2 immediately prior to sulfyl propyl
fast flow (SP FF) sepharose chromatography by gradual addition of
25 concentrated (85%) phosphoric acid. The pH-adjusted pooled
material was loaded onto a 7.7 L SP FF sepharose (Pharmacia)
column to 9.0 mg/ml of resin and washed with a minimum of 25 L of
5.0 mM sodium phosphate buffer, pH 7.0. The Ax-15 protein was
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These m ce are hyperphagi c, hyperinsulinemc, and markedly obese. C57BUG6J

- ob/ob mce ‘%ﬁéﬁuﬁ%ai ned from Jackson Laboratory and used for experinents
at 12-14 wee of age. The mice received 15 daily subcut 08H8/20482ect i on

of vehicle, Ax-15, or leptin. Pair-fed group was given the average anount

(g) of food consuned by animals treated with Ax-15 (0.3 ng/kg). Body

wei ghts were obtained daily and food intake over 24-hours was determ ned

bet ween days eutaddwith a @7.Qldy step oh&.umMesadiurer phesphatej 80 mMI Na=Clcass

| ysi . Diet-ind d obesijt (.10 m AKR/ J i h
oo’ shown © #7bd G5 SEERCHLaIA W SEfanetishe Qe I8 Jois, 1AL M ng
body f at t : | | ' ti ' t
comil et el y. kiou? pAPHHEle, Jft RO PaG O WP T be BB T uman

obesity, the copdativity iadd PRryasipH. AXEK nmatefialvexeeeding 26% f rom Jackson
Laboratory and put on a high fat diet (45%fat; Research Diets) at age

10- 12 veeks dnaximam Agdy o the/ astengingcpotionoed ths peakxand i208kmtaf thermenced
after 7 weeks_on hi hAf at dit(ﬁt.dThe mce recei ﬁ?‘j dai ly subc%neous

i nj ection of WEAIMUT Azea 98 thg, deseending pedion L iNe bealk was RAARd: + he

aver age anou 10 g,gag% Lag! 6 | 515 (0.1

ng/ kg). The zriﬁﬁ(ﬁna SA)I\/\/gESeB\?\%i gﬂe %ég?éldyﬁg%gﬁfggg ?gioz%(‘aélég/g‘r % hours was
det ermi ned béohewingdstep. 3 Paoled 4SP GFF dseph@rogendanb npioteinewassacri fi ced and
sera were obtained for insulin and corticosterone neasurenents. Reagents
10 Reconbi nafOnaeniatesand diaditaeaclvarsus 80 mMssediug hospbate.aPld Leptin

was pufghaseg §508 R}, Pttt %5000 mweco AGT hollow fiber filter (ACG

Technologies, Inc.). The pool (24.66 g) was concentrated to <5.0 L.
Concentrated, diafiltered Ax-15 protein was loaded onto a 50 L S-
100 Sephacryl (Pharmacia) sizing column and eluted with 250 L of
the same 5.0 mM sodium phosphate buffer, pH 8.0-8.3. Peak material
15 exceeding 40% maximum A,gg on the ascending portion of the peak
and 40% of the maximum A,gq on the descending portion of the peak
was pooled. The pooled Ax-15 protein was filtered through Millipak
0.22 pm filters and stored at -80°C prior to dispensing or
formulation. The amino acid sequence of Ax-15 produced follows.
20 Alternatively, one could produce a sequence which contains a

Methionine residue before the initial Alanine.

25
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Results Normal mce 15 Ax-15 reduced body weight in normal mce in a dose
dependent nmanner. In 6 days,

the animal s | ost approximtely 4% 11% and
16% of thei r"88HI8Hei ght at 0.1 ng/kg, 0.3 my/kg, and 1 '}/cl'( S00/20432
respectively (Figure 17). ob/ob nice 20 There was a dose reI at ed (0.1 ny/ kg
- 3 ng/ kg) decrease in body weight after Ax-15 treatnment in ob/ob m ce
(figure 18). At a dose range of 0.1 ng/kg to 3 ng/ kg, there was a 8% 25%
reduction of body weight. Animals pair-fed to a specific dose of Ax-15
(0.3 ng/kg) showed equival ent | oss of body weight as the m ce given that
25 dose of Ax-15, suggesting food intake is the primary cause of weight
reduction. Leptin was also effective in decreasing body weight in ob/ob
mce. At 1 ng/kg; leptin decreased body weight 6% in 7 days, 86 WD 01/ 12810
PCT/ USCQO' 20432 following a course alnost identical to that of Ax-15 given
at 0.1 ng/kg (figure 18). Carcass analysis showed that there was a
signifignt reduction of total body fat with Ax-15 and Leptin treatnents
as 5 well as in pair-fed controls (Table 5). There was a small but non

significant |oss of I ean9 mass inwll gr oum as corrpased to vepicle ccg trol
animals. Mce rec food *restr 0 e&gf fmﬁ n
mass rati o no di fe'lg)r%én]%“?r R7EATRS é"“c’t%‘rcféé Q‘ mcﬁ cat m.ans §
fat and | ean mass equal | g9 Howeverzg the Ax- ddS and 109hept| n tmgeat ed amuml S

showed preferential |bss &f body fat as *reftectel *a _delrease in*
fattlean nass rati DN TEHIER BJLQENLQAY RTFHVLLARL LEDCQVHETE TEGLFHOAIN TLLLOVAAFA

: 129 . 139 _ 149 159 169 179
1 0 * .« * * * * * * * * *
YQIEELMILL EYKIPRNEAD GMPINVGDGG LFEKKLWGLK VLQELSQWIV RSIHDLRFIS

*

SHQTG

Methionine*

10 20 30 40 50

* * * * * * * * &

60

* * -«

MAFTEHSPLT PHRRDLASRS IWLARKIRSD LTALTESYVK HQGLNKNINL DSADGMPVAS

70 l80 90 100 110

-« « « * * -« * * *

120
* * -
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* * «
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*

SHQTG
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DI O mice Ax-15 reduced body weight in 010 m ce dose dependently. Wthin
one week, t animal s | ost approximately 14% 26% and 33% 15 of their
body wei ght ‘Eﬂzﬂpven Ax-15 at 0.1 ng/ kg, 0.3 ng/ kg, andPar/gpnRess2
respectively (Figure 19). Conparing the effects of the Ax- 15 treatnent and
the pair-fed control animals, there was a small but significant difference
between the 2 groups, suggesting that decreased food intake was probably
the primry, EXAMPUE 1@: tUse 1f AX-15 todtseabiobesitiy | oss with Ax-15
treatment. Indeed, Ax-15 significantly attenuated the obesity associ ated
hyperinsulinema in D O mce, whereas nerely reducing food intake

(pair-fed) di,d. Figure 20A). In addition, Ax-15 did not cause

el evati on of ﬁ‘é—@%&i@é@?&one | evel s, which is a conmon effect of food
restriction 25 (Rio@ta® gi¢®) - It is of interest to note that when Ax-15 was
adm ni stered in the sane dose range (0.1-1 ng/kg), DIO mice |lost nore than

twi ce 5t he body wNoghtl (BweeksmCHZRL/60 micerawenei obtaised fromuiaconit)l. Thi s
87 WO 01/ 1223[ PCT/ USOO 2043% . hia%-f er sensiti,vjty of diet-]j nduceg@obese
animals to esMiGe Jeseved; datly aReousinlechans  vRBICE 1qrc Axp 1%+

e S5sE LT, L, AVl oo S0 BB R e 2R S,

adi posity is nor ce are resi no wel

effect was Sdehaaiined HetwbbesRay@N8rand 4 th daily injection of leptin (1
ng/ kg; Figure 19). W conclude as follows: 1. Ax-15 caused weight loss in

normal mice in a ebfab miegendent manner. 10 2. Ax-15 induced weight loss in

ob/ ob 1gcetna dxgea result of a single gene mutation on chromosome 6, ob/ob

mice produce a truncated, non-functional gene product (Leptin).
These mice are hyperphagic, hyperinsulinemic, and markedly obese.
C57BL/6J ob/ob mice were obtained from Jackson Laboratory
and used for experiments at 12-14 weeks of age. The mice received
15 daily subcutaneous injection of vehicle, Ax-15, or leptin. Pair-fed
group was given the average amount (g) of food consumed by animals
treated with Ax-15 (0.3 mg/kg). Body weights were obtained daily
and food intake over 24-hours was determined between days 3 and 4.
On day 8, the animals were sacrificed and carcass analysis was
20 performed.
Diet-induced obesity (DIO) mice
AKR/J mice have been shown to be very susceptable to diet
induced obesity by increasing body fat content. Although the gene-
environment(diet) interaction is not completely known regarding
25 this kind of dietary obesity, like in human obesity, the genotype is
polygenic. '
AKR/J mice were obtained from Jackson Laboratory and put on
a high fat diet (45% fat; Research Diets) at age 10-12 weeks old. Afl
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dependent manner. Ax-15 (0.1 ng/kg) was as effective as Leptin (1 ng/kg)

I n causi ng wei ht | oss in ob/ob mce. Both Ax-15 and Leptin treatnents,
but not pair- PEYMBFferentially reduced total body fat ovecHusamamss. 15
3. Ax-15 caused WEI ght loss in diet-induced obesity mce in a dose
dependent manner, whereas Leptin was ineffective. Ax-15 treatnent

attenuat ed obesity associated hyperinsulinema in DO mce; this effect

was not obser VespeFmigits - d‘dtﬁkn@ﬂaéﬂoéftaﬂvnwbekslan Hglitht @iet. AThEd niee nore
effective in induci ng weight loss in DO 20 mce than nornmal or ob/ob mice.
e

Taken toget her reegivededally subsytanaousa injgetioni of yebiale, AxslScri baptn. Ax- 15
[ the t t . t t besi t | di abet
nssoct at ed obediaiyted, GFaup was ghiary e veizodanialint, heat Bon, oo ias By
in leptin resighg rWﬂ'ﬁ"Ai%g tﬁrﬁé?\%ﬁ%p‘xﬂé HRim&5SRebs Whigked ve

in 25 reducing gy wel g I'n obese mans are resistant or
unrespong ve t cuduypam@ foB& mmwésm BSﬁféJSﬁKH wé’ri‘mnédTabivﬁen reksg! B

from carcass anal ysis of ob m ce Fat Lean nass Fat : Lean mass
Vehi cl e Mean 34N 4 40n9day265 th@eamrnai& \@emsggrﬁv@eci ﬁiﬂé'dS@@ were soltainady| kg

29.36 4.03 7.2 o 07 Ax-15 0. 1 30 22 438 6.9, 0.59 0.13
Ax-15 0.3 ng/ k Oﬁdn gosf@rg surements

Reagenis
10 Recombinant human Ax-15 was manufactured as set forth above and

Leptin was purchased from R & D Systems.

Results
Normal mice
16 Ax-15 reduced body weight in normal mice in a dose dependent
manner. In 6 days, the animals lost approximately 4%, 11%, and 16%
of their body weight at 0.1 mg/kg, 0.3 mg/kg, and 1 mg/kg,
respectively (Figure 17).
ob/ob mice
20 There was a dose related (0.1 mg/kg - 3 mg/kg) decrease in
body weight after Ax-15 treatment in ob/ob mice (figure 18). At a
dose range of 0.1 mg/kg to 3 mg/kg, there was a 8%-25% reduction
of body weight. Animals pair-fed to a specific dose of Ax-15 (0.3
mg/kg) showed equivalent loss of body weight as the mice given that
25 dose of Ax-15, suggesting food intake is the primary cause of weight
reduction.
Leptin was also effective in decreasing body weight in ob/ob
mice. At 1 mg/kg, leptin decreased body weight 6% in 7 days,
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Ax-15 1 nglkg 23.29 3.35 6.95 0.87 0.12 Ax-15 3 nglkg 23 3.5 6.57 15 0.53
0.12 Leptinﬁévgﬂ/kﬂ 28.89 4.73 6.11 .0.89 .0.1 20 EXAMPLE Pegyl ated Ax-15
Applicants 6@ erated several different pegyl ated Ax-REI/USMOHR@EA2I es by
coval ently linking polyethylene glycol chains of 25 different |engths and
types to Ax-15 pol ypeptide nol ecul es. Applicants have al so devel oped
purification nethodologies to separate different pegylated forns of Ax-15

from unnodi f ifellowingla coulse Winmst G8eMiZd) 110l BRA0 oPAXYS0 G AR O.Wateri al s
and Methods Purified Ax-15 derived fromE. coli (supra) was used for these
studi es. PEG Padiondfigare, d8lous nol ecul ar wei ghts functionalized 5 with

am ne-specific terqn nal noieti.es i f Shearwat gr Pol yners,
AL. Bicine was ob aﬂrﬁ%%s fa}@éggﬁﬁ&»%o&gﬁ&ns% s\x’%nl% %9@'@5@? gels were

obt al ned fror?_eﬂﬁh‘@dn &A_tdtaﬁfﬁﬂd& §88MAth %&aﬁ$'ﬂﬁbsﬁéﬁir€&rd&ﬁ\%n§§ta§1p to test
various reaction conditions. fferent reaction conditions were used and

t he folbow ngvelbras inlPairdiededontrolsAlFakie (B)ot dihereowasna remalbrbut rrsoreti ng from

0.6 ng/mM to 6.0 /m. 2 PEG Ax-15 protein nolar ratios up t 0:1. 3.
TenrprenrJ at ur e: sg@i{igangtomst ehjean: mags inPail groups as compared topveﬁic?e

control animals. Mice receiving only food restriction (pair-fed) had
a fat/lean mass ratio no different from vehicle controls, indicating
that they lost fat and lean mass equally. However, the Ax-15 and
i0 Leptin treated animals showed preferential loss of body fat as
reflected by a decrease in fat/lean mass ratio (Table 5).
DIO mice
Ax-15 reduced body weight in DIO mice dose dependently.
Within one week, the animals lost approximately 14%, 26%, and 33%
15 of their body weight when given Ax-15 at 0.1 mg/kg, 0.3 mg/kg, and
‘1 mg/kg, respectively (Figure 19). Comparing the effects of the Ax-
16 treatment and the pair-fed control animals, there was a small
but significant difference between the 2 groups, suggesting that
decreased food intake was probably the primary, although not the
20 only, cause of weight loss with Ax-15 treatment. Indeed, Ax-15
significantly attenuated the obesity associated hyperinsulinemia in
DIO mice, whereas merely reducing food intake (pair-fed) did not
(Figure 20A). In addition, Ax-15 did not cause efevation of
" corticosterone levels, which is a common effect of food restriction
25 (Figure 20B).
It is of interest to note that when Ax-15 was administered in
the same dose range (0.1-1 mg/kg), DIO mice lost more than twice
the body weight when compared to normal mice (see Figure 17). This
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15 Additionally, in instances where an al dehyde chem stry was used,
different concentrations of a reducing agent (for exanple sodium

cyanobor ohydr MO12#fh Al drich. Chenicals, M| waukee, W) wa®cmaseh/iogs2r educe
the Schiff base. The reactions were stopped by 20 the addition Tris-HCl, pH
7.5 in large excess froma 1 Mstock solution obtained fromLife

Technol ogi es, Gaithersburg, MD. Typically, 50 M Tris-HCl, pH 7.5 is used

as the proteinhigkeiCc 8BhERNitY NoPafiet-hdutedViobisge an#halsOto PAKLTE Griggests t he
reaction products were typically diluted with a |low salt buffer and
applied to an ithat adipositye may uegulatbethe: dfticacyvef Axstedsudh that AxwviSal t
buffer and eluted with a NaC _gradient, rangi ng éromQ to 300mMM NaCl. in a
15mM Bi ci ne bufirnel, éause eentinyaus weioht 1088 optieu Adipasity| isniopRaIERA-wi t h

HP ani h i n_obt ai ned. ' i,scat .. Nl. A good
Sopr ot on et vaeacpiBofies H¥ Rt "afietdfle B hdonE 1868 ARt Wik 7 900
di f f er entg nunb@ypzepled aht Aead aRiFrashaiitts defly aesore b lddtireienimgiRg! s

fromthe ion 5 exchange purification were concentrated and further purified
by standard pfaganeatiBye si ze-excl usi on chromat ography. In sone cases, two

close forms of PEG Ax-15 protein e pool ed together and .treated as one
sanple (e.g.: a sa %W&‘PL&{? PEJS{@V(%@- ‘2Am ne- Ax 15 woul d consi st

predor nant |y of iy 15 ool el 63424 bR fed o héral Bloc i 1AEBS0

approxi mat el y 5KD PEG ndl ecul es usin ne 11 nka eact on products
and sanpl es fr @@perHdeht afirin@p. runs were analyzed by any or all of the
foll ow ng standard nethods: 1. SDS-PAGE under reducing and non-reduci ng
conditi orf¥ 2. Ax-15 induced weight loss in ob/ob mice in a dose
dependent manner. Ax-15 (0.1 mg/kg) was as effective as Leptin (1
mg/kg) in causing weight loss in ob/ob mice. Both Ax-15 and Leptin
treatments, but not pair-fed, preferentially reduced total body fat
over lean mass.

15 3. Ax-15 caused weight loss in diet-induced obesity mice in a
dose dependent manner, whereas Leptin was ineffective. Ax-15
treatment attenuated obesity associated hyperinsulinemia in DIO
mice; this effect was not observed in pair-fed control animals. In
addition, Ax-15 was more effective in inducing weight loss in DIO

20 - mice than normal or ob/ob mice. Taken together, our resulis suggest
a specific useful application of Ax-15 in the treatment of leptin
resistant obesity, such as type |l diabetes associated obesity.

4. The effectiveness of Ax-15 in reducing body ‘weight in leptin
resistant mouse model suggests that Ax-15 may also be effective in

25 reducing body weight in obese humans who are resistant or
unresponsive to Leptin.
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15 2. Anal ytical ion-exchange chromatography 3. Anal ytical size exclusion
chr onmat ograg&y The nunber of chains attached to each Ax-15 nol ecul e was
initially a¥M{i#4%t o sanpl es based on band patterns on NGTYSAEW43Ye| s.
Confirmati on was obtained using a free am ne assay to detect 20 primary
am nes based on published techniques (Karr, L.J. et. al., Methods in
Enzynol ogy 228: 377-390 (1994)) or by using an analytical size exclusion
colum coupled to a MALLS ( Multi-angle |laser light scattering) system
with W, R (Refractive Index) and MALLS detectors in series. Light
scattering is a function of mass 25 and concentration of a macronol ecul e.
To determ ne nol ecular weight, the protein sanple is injected onto a gel
filtration colum and the effluent is nonitored with an on line |ight
scattering detector and a refractive index and/or a UV detector. The |ight
91 WD 01/12810 PCT/ US00/ 20432 scattering detector is a M ni Dawn | aser

| i ght &cattering detector was from Watt Technol ogy Corporation (Santa
Bar bara, CA).Tabless Resisis fusratardise aualgsissif abliab dlaght at three different
angles. The on |Iline refractive index detector or UV detector serve to
_nmeasure 5 protein concentration. Astra 4.7 Software (Watt Technol ogy
Corporation, Santa Barbara, CA) is used to dustgul ateantthasgy diatilean mass
concentration based on either do/dc (dn = change of ' refractive index; do
= concentratiVehiicter the extinction coafidanci @84t70f t hetd.f8otein. TIeS

SEC- MALLS system was al so used to detesémthet@drity a®@4nol ecul ar 10

wei ghtep of PERniAfedItc pkepmr at3 eighkg The vari @9s8PEG Ax4.DB nol eculreas ver e
tested in in vivo experinments as follows. BEXASPLE 1590.07n vi vo experinents

using. PEG AX-#&b-15 00t @aivkg .80.22 4.38 6.9
Ax-15 0.3 mgfkg 2%?{7 %Zéé 6.64
ax-15 1malkg 232279- 332 6.96
15 fts S mafks | 02.533 :.}52 oo
Lept[n 1 malkg ,2:_'3899 .46?13 6.11

20

EXAMPLE 14: Pegylated Ax-15

Applicants have generated several different pegylated' Ax-15
molecules by covalently linking polyethylene glycol chains of
25 different lengths and types to Ax-15 polypeptide molecules.
Applicants have also developed purification methodologies to

separate different pegylated forms of Ax-15 from unmodified Ax-15
molecules.
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15 obesity. AKR/'J m ce have been shown to be susceptible to diet-induced
obesity by increasing body fat content. Although the gene- environnent
(diet) i nt er a®Q Y241 8 not conpl etely understood 20 regardi n§CTNBY/20433d of
dietary obesity, as in human obesity, the genotype is polygenic. The
foll owi ng experinments were perforned to test the effects of PEG Ax-15 on
body wei ght and food intake in this experinental ani mal nodel of

di et -i nduced obesity. The particular nolecule that is described in

the. experinments is called 1-20-PEG 25 Ax-15 and is just one of the nmany
pegyl at ed Ax- 1Materiais ppd Methedged by the procedures described above and

kD PEG 92 v 01 1EMRGEHCRR K doesh T frcll {BHPE Wikl B854 1Rk JBeSa b
6 shows a Oorrp%m@gg.eoigq% c\;}#éi svbf’QaﬁBﬁéVmwediflaﬁ/%é%:f%vﬁg%o%ia‘ﬁieﬁx'15

Preparations. 5 Ta ACTI'VITY COVPARI

PREPARATISONS OwithPE{mine-specificGtéimimaPE@bictied-i weee dbtaindd frikml Ani de +
6K 2 Amde + 6K 3 Amide 4+ 20K 1 Amide 4+f 20K 1 2 Amine +++ 20K 2 2
Amine + 20K 3SherreatercBalwmersniAle Bicineswasyoblgingd from Sigma, MO, and

Bis-Tris precast gels were obtained from Novex, CA.” Small-scale
reaction studies were set-up to'test various reaction conditions.
Different reaction conditions were used and the following were
10 varied:

1. Ax-15 protein concentration: ranging from 0.6 mg/mi to 6.0
mg/ml.

2. PEG/Ax-15 protein molar ratios up to 30:1.

3. Temperature: 4°C to rbom témperature

156
Additionally, in iinstances where an aldehyde chemistry was

used, different concentrations of a reducing agent (for example
sodium cyanoborohydride from Aldrich Chemicals, Milwaukee, WI)
was used to reduce the Schiff base. The reactions were stopped by

20 the addition Tris-HCl, pH 7.5 in large excess from a 1M stock
solution obtained from Life Technologies, Gaithersburg, MD.
Typically, 50 mM Tris-HCI, pH 7.5 is used as the protein
concentration was in the uM range.

25 For purification, the reaction products were typically diluted

with a low salt buffer and applied to an ion-exchange column. The
column was washed with a low salt buffer and eluted with a NaCl

gradient ranging from 0 to 300mM NaCl in a 15mM Bicine buffer over
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40K- 1 2Am ne 4+ 16 Branched 20 Experinental procedure Male AKR/'J m ce
(The Jackson Laboratory Bar Harbor, ME) were fed a high fat diet (with 45
kcal % from Wﬂ‘} 1281, ¢ ng at 10 weeks of age. By 17 weeksPgr/usng043t he m ce
wei ghed about 30% nmore than lean littermates that were fed a normal chow
diet and were 25 terned diet-induced obesity (DID) mce. Four groups of six
DO mce received weekly subcutaneous injections of either vehicle (PBS),

non- pegy! at eca Aoturhn (;ihckediitI;)Q-HP 4nidn- &chahgelesin .oblaimedOfrdm 93 WO
01/ 12810 PCT/ US00/ 20432 g During the treatnment period body weight
and 24-hour fRRRY mam@.al?@cg@@ Yehent £ G008 sapaden baiwaer snmoditied s.

5322' BZpenden‘%? JSE%QP ?‘%95%]% e?;%mé %&ggﬁfoﬂ;ﬁfﬁ%ytomﬁE%'}éggnani@ (?gused a

nearly 32% Weitt{¥hedOPEG \WhaIMR das"eBseradl atiflerdht %olétfréﬁetr@% dose
decreased body weight by only 8% In addition, weight |oss was closely

correl abed t cexchaegeepaaﬂcatldmadermtmimenﬂrated tand Hertbee guaified dogs of

appetite observ in the high dose (0.7 / k - 20- PEG Ax-15) treat ment
group (Figur &t ardTﬁéeRﬂflagt’?oﬁzetﬁxcg‘ﬁ%? %O&Féﬁg@%yon%@a?%‘\?ngé%sd n
this treatne r T | 'n t hat
pegyl ation eﬁ&’ %ﬁ’% 6 ﬁim\geb * I C é‘gyﬂgf%&a@'q W@dé@@%ﬁ' H&ggght in DO

nice by 4-foltebatbd (dd BHESatAple (143 .a rsamdnetmame@f PEG 5% (()w)abmwﬁénr
| ower doses and |ess frequent dosing I mens. nple 1 The use of

Ax-15 to tredX nlﬁwwcrmmcwnsnatemademnant @ﬁe&xw mqlesul(elsl BiRLhed
10 with 3 or 4 chains of approximately SKD PEG molecules using
2°amine linkages.)
Reaction products and samples from purification runs were
analyzed by any or all of the following standard methods:
1. SDS-PAGE under reducing and non-reducing conditions
15 : 2. Analytical ion-exchange chromatography
3. Analytical size exclusion chromatography
The number of chains attached to each Ax-15 molecule was
initially assigned to samples based on band patterns on SDS-PAGE
gels. Confirmation was obtained using a free amine assay to detect
20 primary amines based on published techniques (Karr, L.J. et. al.,
Methods in Enzymology 228: 377-390 (1994)) or by using an
analytical size exclusion column coupled to a MALLS ( Multi-angle
laser light scattering) system with UV, RI (Refractive Index) and
MALLS detectors in series. Light scattering is a function of mass
25 and concentration of a macromolecule. To determine molecular
weight, the protein sample is injected onto a gel filtration column
and the effluent is monitored with an on line light scattering
detector and a refractive index andf/or a UV detector. The light
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20 Background Non Insulin Dependent Di abetes Mellitus (N DDM or Type ||

di abetes) affects about 5% of the population and. is characterized by

el evat ed bl ooa"b?'ﬂé’?)’ge which arises primarily due to resi st 2CFAIS02028
insulin's action in peripheral tissue. NNDDMis one of the nbst comon
met abol i ¢ di seases and is determ ned by both environmental and genetic
factors. Attenpts to uncover the nolecular identity of specific N DDM
susceptibility gemasingadetétiofr Ast Be MiARIAWA | R&EF ORgitT sclfteMAgOdeiastép

PCT/ USOQ 211432 several abnormalities which may contribute to the disease
in small  subsewvas dfon Aliyattdlietknolegyeerporatien (BaataiBarbanCA)y dhig he
genes involved in the nost common, | ate-onset form of N DDM have yet to

I
be identified. BStemEOkdDeAsM@s stliculphkiatetnipe ditterepl analersi edn&nPhal
model of N DD"’lliéi-Eﬂ?éﬁaéﬂ\Feei é’x'cfé%{é!:fta? BP%\?t@é}&cﬁJi‘dsé’#v"éou?xﬂ%B%hr@ myriad
of nmetabolic an ofnmonal™. "abnormalrt1es such as massive obesity,

hyper phagg a, arstotein’ EolfieditraaipendAsea e4 Aoeniware |‘$]Wy9tt Fechnold _
Di abetol ogia 37:739-744). In db/db, as well as in human 10 NI there is

a di m ni shed hdnefporation; Santar Barbarayl GA)se usad dootaleuiateithel prpieind by

hi gh pl asma gl ucose | evels as. well _as del ayed gl ycose di sappear ance as
eval uat ed by orGANCENiakcR hasas . ither e (ot shanga of seffactive index;
adm ni stration _Cinhi 0 i . I i 0 re e .
the obesity in dr%f é‘eb%?%%ri acl? g?gotﬂét %é?'ﬁﬁlrgtﬁoggﬁg%tegi{rﬁ%( g@?{g@“'m éicﬂe{% or

the I eptin receEOMALRSAysteht Was Glstnuged. tol dekict dhe, pddy 7 andr moldeliar
Acad. Sci_94:6456-6461). CQur studies with this nodel have shown a dramatic
ef fect of0Ax- 13veighise@f RRRE x-1Sopreparali@naind bodywei ght regul ati on
(described in The various PEG Ax-15 molecules were tested in in vivo

experiments as follows.

EXAMPLE 15: In vivo experiments using PEG Ax-15 to treat
‘185 " obesity.

AKR/J mice have been shown to be susceptible to diet-induced
~ obesity by increasing body fat content. Although the gene-
environment (diet) interaction is not completely understood
20 regarding this kind of dietary obesity, as in human obesity, the
~ genotype is polygenic. The following experiments were performed to
test the effects of PEG Ax-15 on body weight and food intake in this
experimental animal model of diet-induced obesity. The particular
“molecule that is described in the experiments is called 1-20-PEG
25 Ax-15 and is just one of the many pegylated Ax-15 molecules
produced by the procedures described above and tested in in vivo

experiments. This molecule is mono-pegylated with a 20 KD PEG
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detail infra), as well as a dramatic effect on glucose tol erance, 20 which

can not be W&h &g@ to weight | oss alone. Treatnent of animals for 10 days
wi th Ax-15 signi antly inproves the oral glucose profi PETAR0R0432

dose rel ated fashion as conpared to pair-fed and vehicle-treated diabetic

m ce (described in detail infra). This suggests an inprovenent in the

animal's ability to dispose of an 25 injected glucose bolus either in an

i nsul i n- depbﬁdema ar29 agiine HMKEgdep'éaJ@lerﬁ showse. Cbnmarisantd:fythef lsting

pl asma glu nsul in.lev e I b n det infra) are

si gni fi cantl r@%u‘@b’ qt#o\/nﬁégps %&qegnéﬁ @dal%r&qa(g @Q%I s in mce treated
wth Ax-15. As there is 95 V\DOl/12810 PCTI USOQ' 20432 a strong correl afiob
between a high fasting seruminsulin levels and insulin resistance in

NI DDM these results suggest that Ax 15 treatnent produces a significant
redugql onflininsulinresistance in ths experlrrental nodel . There 157al so
a sighifidant refug f o glgstreated ice
vehi cl e-trjeat ed conth:(gﬁdﬂ 60?7‘??595&%&30;?%&39?? 35‘%%#&‘ ra). Thesg
conbi ned dg jggest s _t hat Ax 15 treatnent results in _an i in
di sposal @ t erease 0 Pt 1 NOt
be attri bLted to decreased food intake and 10 consequent wei ght |oss. JAt a
bi ochemicgl level it is known that insulin signaling involves a cascdde of

events inijtiated by insulin binding to_its cell surface receptor, fol{l owed
by aut ophdsphoryl ati on nguacil vazﬁg' BR_GT_LEKEpT Of me ki nases, vhich
resylg injtyrosine phospéioryl &tiom of iinsdmide r elcept @ substrates (I FSs)
(Avlr"u(%:h, J., 15 1998, MbL&€yl af _Cold BidchAmid®o Rr-48) \While the majlority
of insulijn's action i.s—t$ughl to3#e cpdi fiide | _l_t.sii.e:;eptors in the
periphery,j it is also—lenéﬁﬁ—{-hﬁfeﬂl'reﬁ*; J-orthtmamatiC| EUS
' 20K 2 2°Amine +
20K 3 2°Amine | .
60K 1 2°Amine “
S0K 2 2°Amine +
_ 40K~ 1 2°Amine ~
15 : %:_—————_—__—_

20 Experimental procedure
Male AKR/J mice (The Jackson Laboratory, Bar Harbor, ME)

were fed a high fat diet (with 45 kcal% from fat) starting at 10
weeks of age. By 17 weeks of age, the mice weighed about 30% more
than lean littermates that were fed a normal chow diet and were

25 termed diet-induced obesity (DIO) mice. Four groups of six DIO mice
received weekly subcutaneous injections of either vehicle (PBS),
non-pegylated Ax-15 (0.7 mg/kg), or 1-20-PEG Ax-15 (0.23 or 0.7
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express the insulin receptor and | RSs (Baskin, D.G, et al., 1993, Reg
Pepti des 48:257-266; Schwartz, MW, et al., 1992, Endocr Rev 20
13:387-414) . WOM/@8essnent of p(tyr) (pTyr) staining prot RCRUSH2048He
arcuat e nucl eus of db/db animals surprisingly reveal ed constitutive
activation of proteins, presumably |IRSs, when conpared to heterozygous
litter mates (db/? ). This aberration is attenuated .by both Ax-15 doses
tested in thes er i " .and r ik L y¢mhal i ng
to the i nsul i TR0 1B FIRCyBHAREN peRiod Sa4P LIGRE dhi 2RISR ROdIE
action of insujrtaké SpbAsulimentsowere MBSerded ddily fargdBadays. subunit of
phosphoi nositide (Pl) 3-kinase, which has 96 WO 01/12810 PCT/ USOn/ 20432
been shown to be necessary for nmany of insulin actions (glucose transport,
protein : syntEesi§E and gl ycogen synthesis) (Shepard, P.R, et al., 1996,
J. Mol Endocr 184.). The only P13-kinases that are currently known

to be stignulated OYy 1 deBEd &?gbg&ﬁﬁ@ﬁsrédtﬁ:élﬁtb‘?fdggmﬂtcirpﬁbpﬁi‘ige in

catal yti ¢ P13 ki nases. uni't acts as an aptor which links the

pl10 cat al yti c asabserdepefdeht mamero(Figates 24).gnat 10.igngtkgp| ©R0-PEG K-t he.
forns of this adaptor subunit contain SH2 domains which bind to, tyraosine
phosphor yl at ed 15ncaused @n nerdy132%RweightalessgWiRne A8 AYH-PREVIERS AX-(15ee

Coveal s a st 8 e g ise Seprenbsd o7 G R S Boee TodallBC ], 7 7T,

wth p(Tyr) ere‘i@ﬁF LD 5/&%0%1&%!3% %drfé‘lé!iéd’to@%reﬁ@é"%nﬁ%d aakes

suggest that AXx- reat ment can I nprove the ability of db/db animal to
di spose 1@ gl usdetimdyréalest Hass k¥ appetitenebsenedi indthe digh dasssuéR.7
suggests an increased sensitivi tg to insulin. . .

mg/kg 1-20-PEG Ax-15) treatment group (Figure 22). The duration

of appetite suppression was longest in this treatment group as well

(Figure 22). These findings suggest that pegylation enhances the

efficacy of Ax-15 in reducing body weight in DIO mice by 4-fold

156 (Figure 21). Thus, pegylation of Ax-15 may allow for lower doses

and less frequent dosing regimens.

Example 16: The use of Ax-15 to treat pon-insulin
dependent Diabetes Mellitus (NIDDM).

20

Backgrour;d
Non Insulin Dependent Diabetes Mellitus (NIDDM or Type i

diabetes) affects about §% of the population and is characterized by
elevated blood glucose which arises primarily due to resistance to
25 insulin’s action in peripheral tissue. NIDDM is one of the most
common metabolic diseases and is determined by both environmental
and genetic factors. Attempts to uncover the molecular identity of

specific NIDDM susceptibility genes has led to the identification of
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The object of this study was to characterize the effects of Ax- 15, a
nodi fi ed CN'QF ﬁgﬁ‘he di abetic profile in the db/db nouse nodel of N DDM
20 Experinen QM 8cedures LU nimis Male db/db C57BL/ Ks BCTHUSM/204Backson
Laboratories, Bar Harbor, M), aged 6-8 weeks, were housed in a room

mai ntai ned at 69-750C 25 with lights on for 12 hours per day. Al aninal
procedures were conducted in conpliance with protocols approved by the

| nsti t uti onalsevérdi "Bbnéimalitind wHible maytontibulé AoUtHe di@add A 8inalil0 weeks

of age, mice were individually housed, received standard nouse chow 97 WO
01/ 12810 PCTAUBsels20f dndividuals.naHowaver, the Hrelegularnidemtity (oft the genesad
free access to water. . "Pair-fed" anipgals wer r ovj ith the nme
anount of foHH’%YPCg in $hp| OSE Gommen, F%eméggpﬁnﬁtﬂ\ﬁsp%éﬁ@dyﬁi%?he

hi ghest dose pgf id@’fﬁfﬁ%i n all studies reported. Ax-15 (0.1 and 0.3 ng/kg,
s.c.) and 5 vehicle ) mM Sodi um Phosphate, 0.05% Tween 80, 3% PEG 3350,

20% Sudy ose pH 7. Bp78tViEsd nirbdie (disvalb) ymice amptioxibest edtudicbieasima ti me
each day. Ani nal bodé vveiwghts were recorded daily and, where indicated,
bl ood sanpl egnedal| FcNERDM-: onfhage miee e|ipsulin 4psistantyand @sos exhibit an or al

| | T) _all, ani | f for_18-20 h
and ver e tai M1 o hefsRAlE) aBd hfhoRy° aRibndtlia 2Lel, &F imagswe "' °
appr oxi mat el bbé@ﬁﬁohﬁérpﬁd@faew‘lowQesr%érbﬁ d@pdndrups {KodBiE! 19, V&' §)

admi ni stered 89ny D-gl ucosé (Signma, ours, M) dissolved in 0.2m
distilled watl@84( Diatiologid oBy:738eT4#)t ) In [d/dhh a8 wellddsin heendire (VR

m ﬁlu? féisoe;]g t erPﬁ%f@p&g\é\? algin%rn%%(f Lgpnqetog?at%caiclon?rtol %9’9183653 nd 210
metabolism, highlighted by high plasma glucose levels as well as
delayed glucose disappearance as evaluated by oral glucose tolerance
testing (OGTT). Systemic administration of ciliary neurotrophic
factor (CNTF) is known to reduce the obesity in mice which lack

15 either functional leptin (ob/ob mice) or the leptin receptor (db/db
mice) (Gloaguen, I. et al, 1997, Proc Nall Acad Sci 94:6456-6461).
Our studies with this model have shown a dramatic effect of Ax-15.
treatment on food intake and bodyweight regulation (described in
detail infra), as well as a dramatic effect on glucose tolerance,

20 which can not be ascribed to weight loss alone. Treatment of
animals for 10 days with Ax-15 significantly improves the oral
glucose profile in a dose-related fashion as .compared to pair-fed
and vehicle-treated diabetic mice (described in detail infra). This
suggests an improvement in the animal’s ability to dispose of an

25 irijécted glucose bolus either in an insulin-dependent or insulin-
independent manner. Importantly, fasting plasma giucose and insulin
levels (described in detail infra) are significantly reduced to near

normal, non-diabetic levels in mice treated with Ax-15. As there is
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adm ni stration. Serumwas stored at -200C.until tinme of assay for blood
glucose, insulin, free fatty acids, triglycerides (Linco Research

| munoassay, §°@Hﬁ?'f’es, MO as previously outlined (TonraPCIU0020832 al .,
1999, Diabetes 48:588-594). 20 La Tissue sanpling. honpbgenati on and

| mmunopreci pitation In a separate group of experinents, mce were studied
to examne the effect of Ax-15 treatnent on receptor signaling

conponents. Af Tae%_trth cofteRaiotd between aenchi?nsfasting' seruh® insekin Abvalsoual,
liver tissue was isolated and sna&érozen or subsequent analysis. Tissue

sanpl es ( 100ng)nswire registanee redNBPMdhese maultsr suggesbghat Ax- 150 v

He H 7.4, 150 Cl mM EDTA, ...30 di hosphat.e,  50mv
Solt um Fi vor | direams Biadicheoa SENISaDs (o0 oM, FeystaniFiBdat o,
5g/ n tini Qpicd ; iPal 1 R ' .~ 40; M nut
o T4, 005, | Lyiso ehkpori@HRADHidYe_ TYWEIETE BRE Al BRhfcaH foduetioh Ol e

with eitiger 5 fade datty- pcid ripvemntin bdsty154(eedomieet vehiste-treaatedbedyitrol
coupled to Protein A 5 sepharose (Upstate Biotechnol ogy, NY). The
i mmunopr eci pi t &b{gb Hee (Aaspdled Hpedet@ilniffrali-t h Buffer A, resuspended in

dard Laemmi i | e buf h d f [ Ly 5.m .
55C. The protein satbbes Geneiied sadcogpents A cAbie, Bieamhelt eblhE uh o
or 8% precast g %waénﬁéﬂsfrﬁrdi%sié? & %;lmlel dh@S&n Jiacr@éﬂaoa@%ﬁﬁgwex,

CA) using a Trans Bl ot system (Hoeffer ransbl otter, Pharnaci a,

Ni t rocel | ul ose toanbulimewhiehr eanbhot bed attriblitestdBIfedreased Gbodbintalse arid 3%

Blotto/Q.5% BSA for at |east 1 hour_at roomtenperatyre and then incubated
with t hd 0 pri mgepsaauent Weighte 1agsy htAkf &Wheﬂﬂgglblﬁ}‘leis‘t d€howR thakd ant i

insulin signaling involves a cascade of events initiated by insulin
binding to its cell surface receptor, followed by autophosphorylation
and activation of receptor tyrosine kinases, which result in tyrosine
phosphorylation of jnsulin receptor substrates (IRSs) (Avruch, J.,

15 1998, Molecular Cell Biochem 182:31-48). While the majority of
insulin’s action is thought to be mediated by its receptors in the
periphery, it is also known that neurons in the arcuate nucleus
express the insulin receptor and IRSs (Baskin, D.G., et al., 1993, Reg
Peptides 48:257-266; Schwartz, M\W., et al., 1992, Endocr Rev

20 13:387-414). Our assessment of p(tyr) (pTyr) staining proteins in
the arcuate nucleus of db/db animals surprisingly revealed
constitutive activation of proteins, presumably IRSs, when compared
to heterozygous litter mates (db/? ). This aberration is attenuated
by both Ax-15 doses tested in these experiments and suggests

25 restoration of normal signaling to the insulin signaling pathway in
this region.

Another well defined action of insulin is the binding of IRSs to
the regulatory subunit of phosphoinositide (Pl) 3-kinase, which has

96



15 p(tyr) 4G10 (1:5000; Upstate Biotechnology Inc); anti-IRS-1 and anti

p85 ( New En ‘ﬂg\}’ﬁl ot abs, Beverley, MA). (3) |Immunohistochem stry Ani mals
to be asses ? munohi st ochem stry were 20 perfused tPGHEMARMBAI |y with
4% par af or rral dehyde and the brains were renoved and frozen until

processed. Forty msections were cut at the |level of the arcuate nucl eus,
washed in KPBS (potassium buffer saline, pH 7.2) and bl ocked for 20

mnutes at rdmsert ehp@natoube (dcéssany et mmwmfimsnlﬂi?B%bﬁoA%@lddase X100/ 1%
Bovine 25 Serum Al bumi n, Fraction V, Si The free fl oati ng sections
were i ncubatt@i‘s(ﬂ?éfr RIQkRIN By IheEsts t3n Qﬁﬁ‘t sypthesis) (Shep@rdad-B-1: 1000

di | ut t |

o ot ey oo et iYL WRL Sy TP LS THCHRR, Plodiidhes, rases
PCT/ t TSOO 20443 cyhGRHY kndaik Tans@rstmawdlw%sm. afe ihd 2Pasglil! ution
foll owed by avidin-biotin peroxidase (1:500°in PBS; Vector Elite Kit,

Vect or 5LaborrmtemdmenBupssﬁ‘pgﬂmpatatkytld)d?la kimases. ?Tmr? ¢185a|sldbamtraom -
t emper ature. Between eac t ct| ons ed .t hqr In 5 PBS an
thremtlssue bcﬁ?né”péa%%oﬂa‘é’é C\(Elagn% hﬁl?‘zﬁ@ g@ﬁcoﬁ%%g‘éﬁgﬁé. ne (Sigma St
Loui s S and
cowarsl i pped%&té %@g%‘ap@t oT dqloggqgﬁi %’ﬂ'@ | ﬁﬁ q%tp?%x

causes a si gubuhitacénrtirg 'SH2 edomainghivhicts bifidtodtyessinal phospha@ﬁitédct i on.
db/db mce or their heterozl\%%cus litter mates (db/?) were given daily

i nj ections (gnelifs on ESerlRS21Rnd growth daddornyergptors (seev8hepaed,for 10
days. f@od bR VRRaSR! orcivet 1i8iud FSRChk-Th-treated db/db mice
reveals a restoration of the ability of insulin to promote p85
association with p(Tyr) proteins in response to insulin. These
combined results suggest that Ax-15 treatment can (1) improve the
ability of db/db animal to dispose of glucose and (2) that
156 assessment of individual tissues suggests an increased sensitivity _
to insulin.
The object of this study was to characterize the effects of Ax-
15, a modified CNTF, on the diabetic profile in the db/db mouse

model of NIDDM.
20 -
Experimental Procedures
- (1) Animals |
Male db/db C57BL/KsJ mice (Jackson Laboratories, Bar Harbor,
ME), aged 6-8 weeks, were housed in a room maintained at 69-750C
25 with lights on for 12 hours per day. All animal procedures were
conducted in compliance with protocols apprdved by the Institutional
Animal Care and Use Committee (IACUC). Starting at 10 weeks of

age, mice were individually housed, received standard mouse chow
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vehicle treated aninmals (Pair-fed) to the same anmount ingested by the

hi ghest Ax-15-treated group. Figure 23 shows the results of this
experinent. THEORERARIGr oup bodywei ght +/ - SEM (n=12) is repmowesiosmsz each
day. Peripheral adm nistration of Ax-15 (0.1 & 0.3 20 ng/kg/day for 10
days) produced a significant reduction in food intake and dose dependent
reduction in bodyweight (BW. For the highest dose tested, the effect on

BW ter X L rd batiahl t e '
vehi ot e by co; GErna e, MoRdha R 7ol it i Bl ok geodR (o iy

epi di dymal fat “Cayr-fed®) amals dvbires Prolided witht thensaafd eghoait otisfiobd onss.
(U The effect o 10 day Ax-i5 treatnment on glucose tolerance in db/db
ani mal s. An or alailyl basiseas theraverage eamouniOEgRsted Dypthe higitestotosaofcl e

, Lrfed-yehi gl 100 01/128 PCT/ US 20432 t t.ed
(£Pen S e). RGBS it SALIREAP 5 R g LSS
/ kgl d filleg:hLi HG 5
(o 591G 1 BB SR bR B85 B 308 a0

experiment. Ead0%pofotroseppHsZB)swehe ingetedidally at bppséximatélyethanisamics
SEM There was a reduction in fasting plasma glucose (by 65%, insulin (by
53% and NEFA (tirgejeanhnpayedAnimal body| weighisitwerel eeasirded glally gndc awkere

tol erance tests reveal ed, a , dose dependent . pprovenent.in.gl ucas
ol er ance, v ¢ AnPRETEH.cidben Giamelss” SRfededt e B Veidl el E8Hanyom pr
and vehicl e -con S. & ( T, / G Saiv diinais ! ow
doses of Ax- 15@1%%%.%1;0&%? i é?ﬁ"f ?@ghgfgq%%n%itgﬁ t)ﬁljoss.) %WJE m cgy eIJ\7=§/er e
gi ven dal 0y i njfastedofisr 18-20 )haurseantewerex-tab ledofiitShaselrtd (timel ©)0. 05
ng/ kg) or vehicle for 10 days. The nean group bod vveiRht
_ _ measurements starting at approximately 10:00 AM. Subsequent to
the tail bleed, animals were administered 89mg D-glucose (Sigma,
St. Louis, MO) dissolved in 0.2ml distilled water (~2.2g/kg body
. weight) through' a feeding needle (VWR, Plainfield, NJ). Blood was
15 drawn from the tail at 20, 60, and 210 minutes after the glucose
administration. Serum was stored at -200C until time of assay for
blood glucose, insulin, free fatty acids, triglycerides (Linco
Research immunoassay, St Charles, MO) as previously outlined

(Tonra, J.R., et al., 1999, Diabetes 48:588-594).
20 | |

{2) Tissue sampl’mg, homogenation and immunoprecipitation
In a separate group of experiments, mice were studied to

examine the effect of Ax-15 treatment on receptor signaling
components. After the indicated times and doses of Ax-15 (see
25 above), liver tissue was isolated and snap frozen for subsequent
analysis. Tissue samples (100mg) were homogenized on ice in
Buffer A (1% NP-40, 50 mM Hepes pH 7.4, 150mM NaCl, 1mM EDTA,
30mM sodium pyrophosphate, 50mM Sodium Fluoride, 0.5mM sodium
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SEM (n=6) is reported for each day. As shown in Figure 23C, body weight is
reduced in Gﬁgo% - dependent manner. (4) The effect of Q day | ow dose Ax-15
treatment oY 2@lf'ucose tolerance I'n db db aninmals. An oOPCI/USPNRGIOS e
tolerance test (OGIT) was performed on vehicle (open square) and Ax-15
treated (0.0125, 0.025 or 0.05 ng/kg) db/db nmale m ce. Each point
represents the nean of at least six animals SEM As shown in Figure 23D,

I I | ' - t , i 05
nui kg dose caRnBred SHER Sl ARBERREDSIRT' 1R, T EMSER ot O2,
~course of eféentrisugéd Avr 1D minateseat . 14[006gcollysate Proin qRhmy)jovadx- 15

treatnent (0.3 nog/kg/day; filled triangle) 101 WO 01/12810 PCT/US00/ 20432
conpared to ifemugoprecipitated (yesnighguak HoC puitht eitheerBidl of tartipélyr) (fil |l ed
di anond) on nop-fast) erum pl glucose from db/.db le ,mce. Each

poi nt repr es@ﬂ{')go?%eh@éﬁ of aQB"ng%ta%ﬁmp@nicﬁgﬁeé)égl\fﬁ%@m&r after the

| ast igj ecti h hik e h ARk : ces
non-fagjti ng g@%@é?o%?@c&%ﬁ“tgﬁgymﬁg %@%qmrﬁ%ﬁggge%ﬂa%(g conpar ed
to vehicl e twesé adasivedahrdes dimvehiwithe Bufferaf e desuspendedliy sstahdaydc al

consequences of 10-day Ax-15 treatnment 10 in db db animals. Figure 25A-25C
shows t he rekaemenlprsamplechpléer apgt heatad iRfs apREMEMEdelY oS cminulas et he

Dok Fasti ST oolhgIRioEYL SAmRIER Tare! iebieel BY BB S B PASR T 1 om
oL o TR BRSO ke, Ul o, PRpSeried So gl fikeg"d 0.
(opentigar) . pnitrafeyefNavex, ICARUSIG( BaTrimedBlot system (Hoeffer :
| Transblotter, Pharmacia, NJ). Nitrocellulose membranes were

blocked with 5% BSA (for 4G10 blots) of 3% Blotto/0.5% BSA for at

least 1 hour at rbom temperature and then incubated with the

primary antibody overnight at 40C. Antibodies used included anti-

15 p(tyr) 4G10 (1:5000; Upstate Biotechnology llnc); anti-IRS-1 and anti
p85 (New England Biolabs, Beverley, MA). |

(3) lmmunohistog' hg_ mistry
Animals to be assessed by immunohistochemistry were

20 perfused transcardially with 4% paraformalde_hyde and the brains
were removed and frozen  until processed. Forty um sections were
cut at the level of the arcuate nucleus, washed in KPBS (potassium
buffer saline, pH 7.2) and -blocked for 20 minutes at room
temperature (4 % normal serum in KPBS/0.4% Triton X100/1% Bovine

25 Serum Albumin, Fraction V, Sigma). The free floating sections were
incubated overnight at- 40C with mouse anti-p(tyr) (4G10) at a
1:1000 dilution to detect p(iyr) protein, washed, then incubated with

biotinylated horse anti-mouse antibody diluted in buffer
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bar) and age- mat ched heterozygous db/? mce (stippled). Each bar
represents the nean of at |east eight aninmals SEM Figure 25B Fasting

i nsulin conceMtQ¥128Ws were determ ned on serum from dbl db Z@Troshenmaixce
treated for 10 days with Ax-15 (0.1 ng/kg/day and 0.3 ng/kg/day, hatched
bars) as conpared to control groups, vehicle treated (open bar), pairfed
vehicl e-treated (hatched bar) and age- matched heterozygous db/? mce

(stippled). Ea r esantis | at ASkn eI . ang

Egure 25 FalkrRei @ TART X100/ 187 2547 a¢ 327500, Allch o8k B
sanpl es from diAfinHbEn "heRxiddRA(eGT0In 10BSAYVebtdrhEfte Kit,( Yebtor/ kg/ day
and 0.3 ny/kg/day, hatched bars) in conparison to control groups, vehicle
treated (open Laboratopies; fRutlingtong| @A) rhedh clor (6@t whudedand atdromge- mat ched
102 WO 01/ 1281? PCT/%L’#SJOO’Z 432 heterozygous db/? rricewéas%%&gl ed) . Il:iCh bar
represents t he HORAIEre.o; Bebueen £agh sign seclonsgyerer diroyahly A g
treat nents on i i s Ly d ; _ hMdbHYhy 1) the arcuate
nucl eus ofd db'i'-'%r%Cégjosft%t}s%&:?éh%tlﬁ\rgs5%?6%%#%3@5@%&1??y rrd110e showed an
i ncrease in p(dymiriobanzidigec(Sigmas Seilroulg, MO) aeactbdn theuatetl anegelti-eus
(Figure 26B) following a 30 mnute bolus of insulin (1 U via the jugular
vein) as conparceated a%idascldehydr@tede@nﬁmpverslip@ea. 10 (Figure 26A). This
result presumably reflects neurons in the arcuate nucleus that express
insulin receptors and its substrates (eg. IRS-1), both of which are
phosphoryl at ed B#sults nsul i n bi nding. Analysi's of the insulin

resi stantd di abetic db/db mce (vehicle treated for 10 days) revealed a
constitutively high p(tyr) imrunoreactive staining 15 pattern (Figure 26C)
with no detect {ib) 4 remtme nt pérdbridbl ani malsawitht daiyydoe-1HPauses day

Ax-1 f | los o
5 treatment,of Bl PuY SCeater weight Joss than does caloric

restriction. db/db mice or their heterozygous litter mates (db/?)
were given daily injections (s.c.) of either Ax-15 (0.1 or 0.3 mg/kg)

15 or vehicle for 10 days. Food intake was restricted for a cohort of
vehicle treated animals (Pair-fed) to the same amount ingested by
the highest Ax—15-treafed group. Figure 23 shows the results of
this experiment. The mean group bodyweight +/- SEM (n=12) is
reported for each day. Peripheral administration of Ax-15 (0.1 & 0.3

20 mg/kg/day for 10 days) produced a significant reduction in food
intake and dose dependent reduction in bodyweight (BW). For the
highest dbse.tested, the effect on BW was greater than attributable
to caloric restriction (c.f pairfed vehicle db/db; PF) and was
associated with a reduction in the mass of epididymal fat (by 25%)

25 and liver (35%) with no effect on muscle mass.

(2) The effect of 10 day Ax-15 treatment on glucose

tolerance in db/db animals. An oral glucose tolerance test
(OGTT) was performed on vehicle (open square), pairfed-vehicle
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attenuated the high basal p(tyr) immnoreactivity (Figure 26E and 26C and
restored in%%igng tyr) responsiveness (Figure 26F and 26H). 20 ( The

ef fects of i eatmentonn insulin-stinmulated. signal PagUSowzodsae |iver
gf dbldb mice. Figure 27A-27B shows the results of an experinment designed
to evaluate the effects of Ax- 15 treatnment on insulin-stinulated signaling
, inthe liver of db/db mce. Male dbldb mce were treated for 10 days
with either viesatebe(tifed( hména) Safd. ARAS tRdAté® @V dmifiepHaRN gleﬂvel S
(lanes 1 & 2) or treated with Ax- 15 (0.1 ng/ kg/ day,. | anes 5 &

ng/ kg/ day, |tdeegle; @3smo/kp/daye fillach tdapgla db \male migesamdtagerd wi t h

barb | d h Uo ul a
P a v apcgmlm Sy Opis, %ﬁee'hq%f‘gkfhk%ﬁs&f%lﬁbveﬁlgm&‘I shews theys wio
01/ 12810 PCT/ 4@\?&‘11 e@:ﬁ@nﬂ{éﬂte' atht paint Sre %‘Rﬁ@cﬁﬁ%&lgf % owed by

| nunopr eci pi tat [ on W t anti-p yr) speC| ody

standargl V\estieast toeloe animalsi & SEM "&ﬁemWa:seaumdLmtrbheurpiﬁ&str@ul atory
subunit of P13-kinase (Figure 27A), |RS- cific antisera followed by 5

spe
Western bl ot Riasnggldcage fbsaﬁsgfdt wnqj(hny(qy 5@‘9 éd iandc Nt 1§33%¢) (qonapared 278,
upper panel), RS: | Ifi tiserum ure.27B, bottom panel ) .
Non- 1 mune. &3¢ PG raaiss JEVER: QBN QFEee erie etE BRI | ant
STS-L1 | ysat ifsantiepbndstit ﬁﬁérdv@}ndrﬂrm bitosastdieraneap vath Flhéaén*éé“ and
blotting controls. 10 Anal ysi's of 1nsulin action in peripheral tissues from
- Ax-15 treat athdercthei cdneatsighitichnty atiffesentsfrom B0 sido vehidle ocoritpdlgr )  of
speC|f11& substrates (IRS-1) and increased p(tyr) associated P13 kinase in
response to an acute i.v. insulin bolus. |Immnohistochem cal assessnent at

the | evel of the arcuate nucleus 15 in the CNS reveal ed that Ax-15

treatnent attenuates the el evate
3) Treatment of db/db animals with daily low doses of

Ax-15 causes a s lgnmcan ody_\_rLe_Ig_n_loss. db/db mice

were given daily injections (s.c.) of either Ax-15 (0.0125, 0.025 or

15 0.05 mg/kg) or véhiéle for 10 days. The mean group bodyweight +/-
SEM (n=6) is reported for each day. '-As shown in Figure 23C, body
weight is reduced in a dose-dependent mannér.-

(4) The effect of 10 day low dose Ax-15_ treatmenton
20 - glucose tolerance in db/db animals. An oral glucose tolerance

test (OGTT) was performed on vehicle (open square) and Ax-15

treated (0.0125, 0.025 or 0.05 mg/kg) db/db male mice. Each point

represents the mean of at least six animals S_EM. As shown in

Figure 23D, plasma glucose is reduced in a dos_:e-d'ependent manner,
25 with the 0.05 mg/kg dose exhibiting the greatest reduction is

plasma glucose.

(5) Time course of effects of Ax-15 treatment. Time course
of effects of Ax-15 treatment (0.3 mg/kg/day; filled triangle)
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basal p(tyr) levels seen in * vehicle treated db/db and restores

I nsul i n-stimul ated tyr). These data suggest inproved peripheral glucose
tol erance and™a&M{1g8ti on of both peripheral and central i ®CmiuUSon/Me2endent
signaling events with Ax-15 treatnent in animals 20 that |ack the
functional long formof the leptin receptor (i.e. db/db). These results

I ndi cate that Ax-15 has the ability to nornmalize glucose netabolism over

and above the ejdegarcents ogHileeiadtbd! @en dquatee), SpaBRsd-veBicid aratiteti ty
of CNTF or its variants for the normalization of glucose netabolismin

pati ents havi ngﬂflﬂedldﬂlamondi&lgl nendasting @Bdllmshiomfc glucogey Hm nebfdn enales,
hypogl ycem cs, beti csg, eci a 11_or .non-ipsuljn de

_(Kf)o%tw,y i abet'T‘l?@ " BaShn $ebEseplerhashas B2 'gﬁﬁh&%ﬁnw@sfﬁﬁﬂg. g
i nvention has ai usjr an
exanpl e for purposes o%‘écllbgfel t'gsﬁmc%rsbgﬁy dr{\\gﬂ ilﬂt F\gn}ﬂe gg ?Iédaglgl y

apparent §0 thasignifitantigl reaflicesk noh-fabting sévantriblobd flupvseobyt t‘rﬁettﬁﬂ'ﬁhl ngs
of this invention that certain changes and nodifications my

made
t heret o w t houtdaie9drtrealinent s crapaiedi to yehidle pldeated ¥ B w@dﬂwha@lea. ns.
105 Thi s Sheet Has geen Repl aced WO 01/12810 11111111 PCT/ USOCQ 20432
L 111111%9te aim 1. Use of the nodified ciliary neurotrophic
factor Ax-15 in the manufacture of a nmedi canent for use in a method of

treating di abet@i Physiological consequences of 10-day Ax-15 treatment

10 in db/db anpimals. Figure 25A-25C shows the results of an
experiment that was designed to evaluate the physiological
consequences of 10-day Ax-15 treatment on db/db mice. Figure 25A:
Fasting blood glucose concentrations were determined with serum
from db/db male mice treated for 10 days with Ax-15 (0.1

15 mg/kg/day and 0.3 mg/kg/day, hatched bars) as compared to control
groups, vehicle treated (open bar), pairfed-vehicle treated (hatched
bar) and age-matched heterozygous db/? mice (stippled). Each bar
represents the mean of at least eight animals + SEM. Figure 25B
Fasting insulin concentrations were determined on serum from db/db

20 male mice treated for 10 days with Ax-15 (0.1 mg/kg/day and 0.3
mg/kg/day, hatched bars) as compared to control groups, vehicle
treated (open bar), pairfed vehicle-treated (hatched bar) and age-
matched heterozygous db/? mice (stippled). Each bar represents the
mean of at least eight animals + SEM. Figure 25C: Fasting free fatty

25 acid levels were deterniined on serum samples from db/db male mice
treated for 10 days with Ax-15 (0.1 mg/kg/day and 0.3 mg/kg/day,
hatched bars) in comparison to control groups, vehicle treated (open

bar), pairfed-vehicle treated (hatched bar) and age-matched
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5in a mmual. 2. Use according to claim1 wherein the diabetes is non

I nsul i n- endent di abetes nellitus or gestational diabetes. 10 3. Use
accordi ng tSV QBRI or 2 for reduc ng insulin resistancePgrUSIeB32asi Ng
insulin sensitivity. 4. Use of the nodified ciliary neurotrophic factor
Ax-15 in the manufacture of a nedicanent for use in a nethod of | owering
serum 15 free fatty acid levels in a manmal. 5. Use of the m)dified

ciliary neur gfg ,c&fy‘,g {8CHBY? AficéS(sh gaal,lf@é:, e for
use in a net hoé8 roeat P% a lgl s(ea'E‘éfeb’Z | sorde g? Q‘%e en ocr| ﬁgafsystem
in a manmal . R0eést eight dnitiads to8EM.ed ciliary neurotrophic factor Ax-15 in

the manufacture of a nedicanent for use in a nethod of preventing the
occurrence of gestational or non insulin-dependent diabetes mellitus in a

manmal . 25 7(7YsT pe affeicts 66 Axy1H needtmbatpo_gcm ngiwisiimutyeedi n said
manmmal is a hunan. 106 | 1~ [I° 1 1 T T I A "I This Sheet Has

Been Repl apemmmmmﬁm|mmmgm%32 8.
e 2000 O Rl ReBRG, B PR e B A e RS, O
i ntravenous, jseraadbaiie Psr) 'lﬁﬁﬁ@dﬂl’éﬁ%@é sthﬁﬁﬁ@tﬁ@ﬁéhs of the arcuate
I ntracerebroventricular, 7i nt raperitoneal, and 1ntraparenchymal 5
admi ni strat i eowucléus (Elguee;cZBB))l fcglldw)nglaalaﬂ fninbte dolug oé iadulimi(dt Ratvian is
via the jugular vein) as compared to vehicle injected control level
10 (Figure 26A). This - result presumabiy reflects neurons in the arcuate
nucleus that express insulin receptors and its substrates (eg. IRS-1),
both of which are phosphorylated after insulin binding. . Analysis of
the insulin resistarit/diabetic db/db mice (\Zehicle treated for 10
days) revealed a constitutively high p(tyr) ifnmunoreactive staining
15 pattern (Figure 26C) with no detectable change after insulin
treatment (Figure 26D). Ten day Ax-15 treafment of db/db mice
attenuated the high basal p(tyr) immunoreactivity (Figure 26E and

26G) and restored insulin p(tyr) responsiveness: (Figure 26F and 26H).

20 (8) The effects of Ax-15 treatment on insulin-stimulated
signaling in the liver of db/db mice. Figure 27A-27B shows

the results of an experiment designed to evaluate the effects of Ax-
15 treatment on insulin-stimulated signaling in the liver of db/db
mice. Male db/db mice were treated for 10 days with either vehicle
25 (lanes 7 & 8), pairfed to drug treatment levels (lanes 1 & 2) or
treated with Ax-15 (0.1 mg/kg/day, lanes 5 & 6; 0.3 mg/kg/day,
lanes 4 & 5). On the 11th day animals were anaesihetized with
pentobarbital and injected with either salineE (-) or 1 IU of regular

insulin (+) via the portal vein. The liver was removed after 1 min,
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i npl antation of cells that rel ease Ax-15. 10 10. Use according to any one
of the preceding clains wherein the Ax- 15 is pegylated. 11. A nethod of
treati ng di ab¥™EYW Ry mammmal , conprising admnistration t®crivsewamszal of
the nodified ciliary neurotrophic 15 factor Ax-15 in a carrier. 12. A

met hod according to claim 11 wherein the diabetes is non insulin-dependent
di abetes nellitus or gestational diabetes. 20 13. A nethod of reducing

the- o 1 o0 cANRaPitAR PR RS iHlfoigd To rihLAbbPRibatdf WRRTEN, o,

of increasing aRELP(YTY) Sﬁ_ﬁ&iﬁd} Vahibody MG&G“I’@"O%@D'UVS istandZ&l aNestdrmt ration
to the mammal of the nodified ciliary neurotrophic factor Ax-15in a
carrier. 15. Ablodt &oalysis ivitheanngntiseium ftoeéhé 085 reguthtony aubuinit af nanmal

107 JV0rnei Prp L e, 11a1a L3t L. . WO 01/1281Q PCT/ US00/ 20432

conpri si ngI adnh'é’%‘{'?aﬁel dRigwye; %nﬁ%qd’?p?‘ﬁgcnﬁﬂ%}??'?d%EﬁPW&Fé%V
ety it - 6 . . ! o

or a1 sor der _of NSRS IOF; I W] an Jnu B -2BRsRo, i fBady FIguaTor

to the mamul ofB| ippErdhdndlyl ahdcahi IRS-1RspEdific GMtiserbmc{Piguix-2ZBj n a

carrier. 17. A nmethod of preventing the occurrence of gestational or non
i nsul i n- dependbattoni gaaebs rdoniimmunae conteoinsmuooaprealpit@tiomdNIhi sor at i on

L e el el i NI i, BT-CF bl Bobfro e G5 T Moo
factor as immunoprecipitation and blotting controls.

10 Analysis of insulin action in peripheral tissues from Ax-15
treated mice indicated enhanced tyrosine phosphorylation (ptyr) of
specific substrates (IRS-1) and increased p(tyr) associated PI3
Kinase in response to an-acute i.v. insulin bolus. _
Immunohistochemical assessment at the level of the arcuate nucleus

15 in the CNS revealed that Ax-15 treatment attenuates the elevated
basal p(tyr) levels seen in vehicle treated db/db and restores »
insulin-stimulated p(tyr). These data suggest improved peripheral
glucose tolerance and restoration of both peripheral and central
insulin-dependent signaling events with Ax-15 treatment in animals

. 20 that lack the functional long form of the leptin receptor (i.e. db/db).
These results indicate that Ax-15 has the ability to normaiize
glucose metabolism over and above the effect caused by weight loss
alone, suggesting the utility of CNTF or its variants for the
normalization of glucose metabolism in patients having abnormal

25 glucose metabolism such as hyperinsulinemics, hypoglycemics, or

diabetics, especially Type Il or non-insulin dependent (NIDDM)

diabetics.
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Ax-15 in a carrier for use in a nethod of treating diabetes in a mamml.

15 19. A co 03|t|on conprising the nodified ciliary neurotrophic factor
Ax-15 in a JIY8¥% o use. in a method of |oweri ng serunPCTEsMRe3ty acid
l evels in a mammal . 20 20. A conposition conprising the nodified ciliary
neurotrophic factor Ax-15in a carrier for use in a nethod of treating a
di sease or disorder of the endocrine systemin a mammal. 21. A conposition
conprising the nodified ciliary neurotrophic factor 25 Ax-15 in a carrier

i nsul T n- depenaent Aindrel? 36 TBFeding Ay AR HERBeqh T i orfy T,

111, Ns detail by way of illustration and example for purposes of clarity of

understanding, it wil; be readily apparent to those of ordinary skill
5 in the art in light of the teachings of this invention that certain

changes and modifications may be made thereto without departing
from the spirit or scope of the appended claims.
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We Claim:

1. Use of the modified ciliary neurotrophic factor Ax-15 in the
manufacture of a medicament for use in a method of treating diabetes

in a mammal.

2. Use according to claim 1 wherein the diabetes is non insulin-
dependent diabetes mellitus or gestational diabetes.

3. Use according to claim 1 or 2 for reducing insulin resistance or

increasing insulin sensitivity.

4. Use of the modified ciliary neurotrophic factor Ax-15 in the
manufacture of a medicament for use in a method of lowering serum

free fatty acid levels in a mammal.

5. Use of the modified ciliary neurotrophic factor Ax-15 in the
manufacture of a medicament for use in a method of treating a disease

or disorder of the endocrine system in a mammal.

6. Use of the modified ciliary neurotrophic factor Ax-15 in the
manufacture of a medicament for use in a method of preventing the
occurrence of gestational or non insulin-dependent diabetes mellitus in

a mammal.

7. Use according to any one of the preceding claims wherein said

mammal is a human.

[

[

o A



10

15

20

25

This Sheet Has Been Replaced

sownwo | [{HHIIFWAN S—

8. Use according to any one of the preceding claims in the manufacture

of a medicament for administration by a route of delivery selected
from intravenous, subcutaneous, intramuscular, intrathecal,
intracerebroventricular, intraperitoneal, and intraparenchymail

administration.

9. Use according to claim 8 wherein the administration is via

implantation of cells that release Ax-15.

10. Use according to any one of the preceding claims wherein the Ax-

15 is pegylated.

11. A method of treating diabetes in a mammal comprising

administration to the mammal of the modified ciliary neurotrophic

factor Ax-15 in a carrier.

12. A method according to claim 11 wherein the diabetes is non
insulin-dependent diabetes mellitus or gestational diabetes.

13. A method of reducing insulin resistance in a mammal comprising
administration to the mammal of the modified ciliary neurotrophic

factor Ax-15 in a carrier.

14. A method of increasing insulin sensitivity in a mammal comprising
administration to the mammal of the modified ciliary neurotrophic

factor Ax-15 in a carrier.

15. A method of lowering serum free fatty acid levels in a mammal
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comprising administration to the mammal of the modified ciliary
neurotrophic factor Ax-15 in a carrier.

16. A method of treating a disease or disorder of the endocrine system
in a mammal comprising administration to the mammal of the modified

ciliary neurotrophic factor Ax-15 in a carrier.

17. A method of preventing the occurrence of gestational or non
insulin-dependent diabetes mellitus in a mammal comprising
administration to the mammal of the modified ciliary neurotrophic

factor Ax-15 in a carrier.

18. A composition comprising the modified ciliary neurotrophic factor
Ax-15 in a carrier for use in a method of treating diabetes in a

mammal.

19. A composition comprising the modified ciliary neurotrophic factor
Ax-15 in a carrier for use in a method of lowering serum free fatty

acid levels in a mammal.

20. A composition comprising the modified ciliary neurotrophic factor
Ax-15 in a carrier for use in a method of treating a disease or disorder

of the endocrine system in a mammal.
21. A composition comprising the modified ciliary neurotrophic factor

Ax-15 in a carrier for use in a method of preventing the occurrence of

gestational or non insulin-dependent diabetes mellitus in a mammal.
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