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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 embryonic chick ciliary ganglion neurons in vitro

25 (Manthorpe et al.,1980, J. Neurochem. 34:69-75). The ciliary
ganglion is anatomicaily located within the orbital cavity, lying
between the lateral rectus and the sheath of the oplic nerve; it
receives parasympathetic nerve fibers from the ocu!omoto‘r nerve
which innervates the ciliary muscle and sphincter pupillae.

30 Over the past decade, a number of biological effects have been
ascribed to CNTF in addition to its ability to support the survival of
ciliary ganglion neurons. CNTF is believed to induce the
differentiation of bipotential glial progenitor cells in the perinatal

rat optic nerve and brain (Hughes et al., 1888, Nature 335:70-73).
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" plays a critical role in the maintenance of muscle structure and
10 function. Skeletal muscle has been shown recently to be a target of
positive CNTF actions. Specifically, CNTF prevents both the
denervation-induced atrophy (decreased wet weight and myofiber
cross sectional area) of skeletal muscle 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 TtHCNTF 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/ED¢,, so 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 91/043186,
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neur ot rophi ¢ fact The((¥Eprot $om GMDFeftarrmbdt*CNTFBql) had been cibaesiyr vi val
of enmbryonic chick ciliary ganglion neurons in vitro 25 (Manthorpe et

al ., 1980, J. shguencdeand4xpPedsed [Sbe Davisar) aganybddnSciensealdd 58+63].

| ocated within the orbital cavity, lying between the lateral rectus and

t he sheatth ofCNTE apdithendrareopbietia daeioveknpun ady nipakrBliRc iMdpitery i fieeter
fromthe ocul onbtor nerve which innervates the ciliar cle an
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have been ascribed to Fin additiaon to its_abil.i,t SUpp e
survival of IRYalyes yﬁ"ﬁaﬁgl—gi §F9’?1§uﬂ§ﬁ'§%”@@ﬂch’@%®"+®\/§8ﬁ@9 %ﬁdﬁyc&gl :a%ea
differentiation of hipo i i r Ixt.0 'S ol e et r at
optic nerve éﬁﬁoﬂﬁjagﬁg?'hﬁghggk éghaﬁ) aglgggplﬁ:{la? Sgg}cgggfy?&h%) . 1F]ENEFIF
February 2OOAr'ec.epto_r comptex can initiate signal transduction in LIF responsive

10 cells, or other cells which carry the gp130 and LIFR} components {ip,

et al., 1992, Cell 62:1121-1132].
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 cioned and found to encode a
15 protein 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 exceptionaily 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 receptor than does human CNTF.
A surprising difference in the physical properties of human and
‘rat CNTF, which are identical in size, is their different mobility on

SDS gels. This difference in behavior suggests the presence of an
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that is nmanifested as a retardation of weight gain. This adverse effect
has al sosbeei qlrgervied dincridiei thé strusturan ofganizEngr dbrfuncdioneéat nent  of
ALS. Therefore, sinultaneous neasurenents of muscle, wei ght and ani nal body
wei ght fol | odbmgingoideecomdinant gsateinge RRUEraL Cﬁffﬁ’é%&%la@pé@a%[’ﬂﬁ Ve and
adverse reaction, respectively, .in respgnse to.treatpment, with rHCNTF or

ot her conpouB@en Cl*ﬂ_écrﬁ"aeﬁoirbfth?h@t%'@i‘é"ﬁc_OK/T’HQE%nSbPHitn &IetiOBmOTt hese
Tor D, so ¢ havbEHGtRRgueeskT ue B migot Spfesslul appedt B BT HIARIE, 73
e abetn Sgatng MubBRoBRLIGH ARFRRN, Sy eneechon daghoe
Neur osciy.q  57pg9080dH1 2N thdroldy-sEamting ahutdeenest i[Qurikinghend Wi0aR16, 2
1989, Science _2_4_&: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 physical, biochemical and
15 pharmacological properties of rHCNTF, applicant undertook rational—
mutagenesis of the human and rat CNTF genes based on the different
biological and physical properties of their corresponding
recombinant proteins (See Masiakowski, P., et al., 1991, J.
Neurochem., ﬂ:1003--1012). Applicant has found that the nature of
20 the amino acid at position 63 could greatly enhance the affinity of .
human CNTFE for sCNTFRa 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 contemplated by
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affinity forpfdhgidaeanonS\BF thecaieaset hee clomeaharah @NEE. inkokuntary sing
difference in the physical properties of human and rat CNTF, which are
i dent i c4lo | nmeivaenents, t Heimerdid, f andnpsyaitiatria \sysAPtEDS g&HROreTR| s
¢ fference_ ir?"iobveehn?éin?sr ggr?sgigtStgf tbr}ﬁaff)riﬁ\sigpucn%a?;, ?Puid movements,
predominantly affecting the distal exiremities. Patients often tend
to "cover up" these movements by blending them into voluntary acts.
HD patients also, however, display a variety of cher neurological
15 abnormalities including dystonia (sustained, abnormal posturing),
tics ("habit spasms"), ataxia (incoordination) 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, efc. -‘The relentiess
motor, cognitive and behavioral decline results in social and
25 functional incapacity and, ultimately death.
HD is inherited as an autosomal dominant trait. Its prevalence
in the U.S. population is estimated to be 5§ to 10 per 100,000

individuals, yielding a total prevalence of 25,000 in the US
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for sCNTFRa ggdoqgs bi ol ogi cal potency in vitro (Panayotatos, N., et al.
J. Biol. Chem’ 93, 268:19000- 19003 Panayotatos, N., et al.,

Bi ochemi stry, 199’Fhe3§én58é§n’@$ﬁ§- baHeved cto bed réspongiblalifay theS.  Pat ent
application Serial No.” 25 07/570,651 filed August 20, 1990, entitled
"Gliary NeuBatrrm;xmesisFafcm"isamtatedeamme defomedis eodt eltheuwshit awn

91/ 04316 published 4 April 1991 which are incorporated tﬁ/ r ef efence in
their 10 of Chromosome 4. This gene codes for a structurally novel protein. of

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 consisis of loss of the

so-called "medium spiny" neurons of the caudate nucleus and

15 butamen (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
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t r eat ment 0'3‘1')15415'9'[ on's disease (Huntington's chorea). Hunti n&t on's

di sease (HD) i5 an  hereditary degenerative disorder of thet CEHEPEMRervous
system The pathology underlying HD is progressive, relentless
degeneration of 5 the basal ganglia, structures deep inside the brain which
are responsible for aspects of the integration of voluntary notor and
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bet ween t he e characteristfc nmanifestations of the
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psychiatric synptons. Chorelc novenents consist of brief, involuntary,

fluid nnverrecgﬁéune@@dmﬂgm@ulmngf'f ecting the distal extrenmities. Patients.-
often tend to "cover up" these novenents by blending theminto voluntary
acts. HD pati entEhatesdavevaaan nalisysicapshllyglinisa) Wialstdefithelir ol ogi cal
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di stur bancesw%hérgﬁﬁgagggﬁbgé aér}e vaﬁ@cﬁz%ﬁﬁ%c%%dﬁﬁgeg%%r sorllal Ity

changes suchsasc@gat hy and withdrawal; agitation, inpulsiveness, paranoia,
depression, aggressive behavior, delusions, psychosis, etc. The relentless
notor, cognitive FAe ONTWF esadptdeadomplexesohtainsn3spodiginsing gpetifivityi onal
~incapacity and, ultimately death. HD is inherited as an autosomal dom nant
trait. HtG pdevedmindeg o component that directly binds to CNTF, as well as 2

signal transducing B components (LIFR and gp130) that cannot bind
CNTF on their own, but are required to initiate signaling in response
to CNTF. The 8 component of the CNTFR complex is more widely
distributed throughout the body than the o component. The 3

15 components of the CNTFR complex are normally unassociated on’the
cell surface; CNTF induces the stepwise assembly of a complete
receptor complex by first binding to CNTFR «, then engaging gp130,
and finally recruiting LIFR B. When this final step in receptor

assembly occurs (heterodimerization of the B 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 bytopiasmic domains, creating .
phosphotyrosine docking sites for the Src homology 2 domains of

25 STAT proteins. After their phosphorylation, bound STAT proteins .
disscciate from the receptor, dimerize, and transiocate to the

nucleus where they bind DNA and activate transcription.(reviews:
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synptons, there are a nunber of "at-risk", asynptomatic in IVI in the

popul ation as welt. The preval ence of asynptomatic, at-risk patients
carrying the HD gene is perhaps twice that of the synptomatic patients (W
5 Koroshetz and N Wexl| er, personal conmunication). Thus, the total HD

. patient poput hhg' G'r@eﬁ@efgeqw \(egge)mértb@bﬁws@nadmmm fraf@p. The
gene currently eI | ev be responsible for the pathogenesis of HDis

located at theutshiotsgy c4erﬁi16f Sthkl, MoandaY ancapoviosClitd.ofi@HheGrowithi s
gene codes for a structurally novel protein of unknown function, and the
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uncertain at the present tine. The al an
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~ganmma- ani noby Ebrd(P 1&9‘@@ GABA), 20 although many al so contain neuropeptides
such as enkephalins and substance P. It is clear, however, that in HD

i nterneurons whi chegtin, e pitdduict eofCHRA s gens, rtsneacc&tednbm adipocytes
containing instead either acetylcholine or.the neurogpeptides sonatostatin
or neur opepandefunctions ras at peellp%anabar@rgaidta Aherbraip &ﬂﬁ@ﬂ@ﬁcfﬂo%nd
neurocherr(l) Callntgﬂgngrexg g\]ér%g mer{lagohsm ?Zhang, Y., et al. (1994) Nature 372:
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 resuited 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) Neurclogy: 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



seen in HD can be m m cked by infusion of glutanatergi oni st__drugs into
the striatum Infusion of quinolinic acid under approg? %g'?’é'aﬁfm i ons
produces seweahjiygoedepl etion of nmedium sized 6 11 February gEPgsdifdof/ 12810
PCT/ USOCQ' 20432 intrinsic striatal neurons which utilize gamm-am nobutyric
acid (GABA) as their neurotransmtter, wthout affecting the |arge,
cholinergic interneurons. There have been no successful clinical trials of
either 5 synptomatic or neuroprotective treatnents in HD. However, useful,
val i dat ed r aflisagdénasingloginigs bot nogulimitedgtogdiaetias gard ebesity. win ¢h are
capabl e of nonitoring disease progress and patient function. The F
recept or c,onpﬁ&égrr@dnﬁmb@dimwtotgglﬂ? @%ﬁ@gﬂtﬁﬂcmqlec.@@%é‘{férwm L
conponent that directly binds to CNTF,,K as t ransduci ng (3

|1, as_,2 . signal.
conponent s (tNeFrreaimant Gl S@P‘ﬂ?é‘ﬂ'”c%ﬁ’&"%q%d%‘%ﬂ*ﬁso %H@i’sf' own, but are
required to initiat i gnal. . i S : Ih nt of the
Cl\F?’FR conplex is ﬁof@ﬁ'ﬂ@lb}g&d|°2t%%b®?§§§?m®ﬁ%€q 'tghgj o@&%}ﬁ the a
conponen T 5 : S O EBEEX Arazy
unggsoci ;ed%ﬁﬁ?éef&gg@?ﬁﬁml?%c%“%%%ﬁuces kf’e Gisl‘{lg%vr}nﬁggﬁégggﬁbl y of a
complete T egGBLicagTRssribed Herbi! Mandidue QKB therdgeutiengagi ng
gpl30, and finally fecruiting LIFR P. When this final step in receptor

assenbly occgrgpéhgesr odi nerization of the (3 conponents), .20

intracellular skgnaling is initiated by activatin _non-.recegtor, tﬁ{osi ne
ki nases (JAK ki na3bspeasndcotrasdohiactks tare pch EmtaCCorgaRcy; Withethe

Fecoptor eyt UDIGTEIA, WoRHRME. ARG SHILPRENST L EnaBc N Srilel or
the Src 1h(9 mle%%n%edﬂrsmihnésra feutic properties. 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 arginine (referred to as
15 B83Q—R) or another amino acid which results in a modified CNTF
molecule with improved biological activity. In further embodiments,
rHCONTF 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
acti\fity;
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

biological activity of rHCNTF In_vitro and which results in a 7-fold

improvement of its therapeutic index in_vivo.
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.. 25.STAT.-proteins.” After:their phosphoryl ation,. bound STAT protei:ns - -
. di-ssociate from.the recept or., dinmerize, and transl ocate. b RebriannP@d4elis
. Whét e they b| nd DNA and activate transcription, (reviews: 7 11 February
. 2004 \WO. 01/ ﬁiP /USOO/ 20432 Frank, D. and Greenberg, Mﬁzsﬁ%}’l
.Perspectlves on- devel oprment al - neurobl ol ogy 4: 3-18; -Stahl 0432.

. Yancopoul os,. .G (1997) G ow'h. f-actors:and cytokines in-health:and disease - -
2B, . 777- 809) AXOKi ne is’a mutant ‘CNTF rol ecule with- |rrproved physi. cal and

_ chenical” 5 propertles whicch retai.ns the ability to interact -with and -
- ‘acti- vate t’he CN;i {iﬁﬁﬁiarobre(é??é‘@yemebﬁﬁnehlt aetn{ﬂecu[el%agdatdﬁ dteagvem

S radi pocyties., @H@;pﬂppctygmsa@[:mfbeﬂt p:lmmtahesrmrﬁﬁ@t—eﬂt aebShhjtmrt dwhigdu! at e’

eptin,.the product. of the ab. ‘gene, .1 s secreted by - -

--:--'.'food 10, i nf'ake -and. ener gy--met abol i sm (Zhahg, Y-, -et "al -’ (1994) -Nat ure 372':"-:.-

£ 7495:431),; . ] %ﬁ@%lgﬁderfmmtdwcpei@tcy(}%m a, adletigine’ ofetive atmrmtnal
“. spanii.ng . recept or--has-cengi derabl ¢ sequence.si mt &rities to: p130

22 (Tartaghi a, 13, amielaciloosidugs. |(v~3ﬁch1czmtexs7gyea@rdsmu@h vden gpt ih -

si.gnal’s -thr'dugh: t he :JAK STAT pat hway. ( Baursnm. H | 5. (1996} " Fi oc.
"% Natl:.Acad: jshysioldgficat:capgiiionsy sandnal AVQRA wbsfétut'ét" (“(]fi'géa?ola}%fé

R S e A LT
o st RN BT v o

-~ indi edt i ng tﬂ, lrol ‘€S .i'n, the>régul at.t.on of body “wei ght . and f eedi- ng. .

. behavigr . o,

‘resul ted i.n - viel Gt dristhe @reserrell efbddinfent| J&sﬁbleeueoﬂegygnated RG242-
46 1244 1249 ) 25 . SUMVARY 'OF -THE | NVENTI N -~ :
S “is descnbed that cames the double subsntutron 63QR64WA wh:ch

results m a dtﬁerent spectrum of blologrca! potency and 4 T-fotd

it . .

Adm; ns’tratron of . CNTF:t o ‘humrens -t educed food irit ake- arr'd‘-.-i"'-

hlgher therapeuhc mdex "_- s ; L R '3_ .J"_? cs

In another preferred embodlment a. moiecu[e dessgnated HG290

: ':.:._%13 descrrbed that carrles the doubte substitutlon 63QRA013 Wthh

confers - greater solublhty under physnolog:cal condations

. Accordmg % the present tnventlon there is: prowded a use of the modified cmary

neuroctrophic factor Ax-15 in the manufacture of a medicament for use in a method L

of treating non insulin-dependent diabetes mellitus in a marrir_nal, foruseina :
method-of lowering serum free fatty actd'levels-ih a mammal, for use irta metﬁed__ '
of treating a disease or disorder of the endocrine system in a mammal or -

for use.in a method:of preventing the occurrence of nonfinsulin—dependent

diabetes mellitus in a mammal..

--Accordlng to the present mventson there is also provided a (‘Eomposrtlon

' compnsmg the modified cﬂlary neuretrophlc factor Ax-15 in a carrier fof use in a

. in a method of lowering serum free fatty acid levels-in a mammal, for use in-a

method of treating non-insulin dependent diabetes mellitus in a mammal, foruse - -

method of treatlng a drsease ordisorder of the endocrine system in a mammal or _ :

‘ for use in-a methed of preventing the occurrence of non lnsulm-dependent

- d:abetes melhtus ina mammal
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An object of the present invention is to provide novel CNTF- related
neur ot T ophizc’ f actors far the=treatnent:-of: di'seases.-or '8 liFEbbtaua2QD42004 D:=
- 01/ 12810 PCT/ ‘UsQo/. 20432 di_sor dérs incl udi ng, but not Lifited to, di abet es -

{'_.‘;-,-and obesity,..I'n. a :~pref erred embodizment,; “ENTF and:rel.at'ed nolecul es are- .
St utilized for - the-tréatnest. of non:i- nsul in dependent di abetes nel | i fus.-TA

".*rnrtraily S

further. object ‘of the: present i hvention i's ‘to provrde a5 method for

--'.|dent|fy|ng CNTE-rel ate cal Iy descrlbed ..
= -herein, -that have inpr o%h?ﬁt: %@Hﬁ@h(&& 9&? ?ﬂig Fﬁgﬂégnd ot her. obj ects
v.are achi eved.in accordance with the -invention, wher eby anino aci d: _;'
- ;subst;tutl ons_i n: human’ CNTF prot ein. '10 enhance its therapeutic propertl es:.

-, :n one-énbo !4 i ‘eqefacsabi At \Hamanysad, to -
i ?r@?r% pot eﬁgﬁ?ﬁb%ascgtt\ﬁfzeﬁodtrgﬁ?edqd\iTF proteins. In appr ef erred_’.:_.j
- enbodi ment:, rhbkit afibliseaghd: chieken (e, goal.{ i 189K 3Netroandi GTH083) - - -
- r'epl aced vmth arginine-(referred to as - 15-63Qerr]'R) ‘or another. am no - acrd"‘j )

=Wwhi ch resul tsequenaeendﬁ)‘atedndl‘émemﬂsdﬁﬂﬂ%fwm% inniles DUAH SEsienge- -

AGE VI £V, Fn further - efbod O R
R S A vk T S

amI ng iacrtd trrggj duesii erf d?hg%ﬁﬁ: égﬁ{d? §v)vn 0 %9? @ég%; %?ttflb ..f ERR
. 7 S0 Ubl bt Y n rvr itution of .. .
;the uni-que Gy iRy E:Sﬁtdhagg RA&id 'csmréSVponmh Cho Teseft tsoquorstalisli zat Lcm

of rHCNTF i'y physi 0 0gl-Ca physi ol ogr cal pH and terrper at ure
condl t| ons - \lgmtoﬁfth@c]éfn_g i ts ‘ 25 actl Vi ty -

F|gure 2 - Mob:ltty Gf human rat and severa! modtfled CNTF

B molecuies on reducrng SDS 15% polyacrytamrde ge!s Punﬁed




3) Substitution of am no acid residue 64W which alters ' the biol ogical
activity of rHCNTF in vitro and which results in a 7-fbl iebuapyr29Pénent of
its therapegbipgdspgiex in vivo. 9 |11 February 2004 VE)Olllgﬁﬁﬁﬂ
.stability, b gzlalrs?(idcul arly :,under physiological conditions a %’9/28332
physi ol ogi cal conditions) and:. a 17CA substitution (which conf ers

am no, acid :residues. (which confers greater solubility -, Under:

confers; - greater bi ol ogi cal potency) with a del etion of the terninal

(r HONNTFF, IrecAGAsRpeat rgrm@mscwﬂrenw@%m[ indipareg.ubiarkens igdnilfani ch
PCT/ US00/ 20432 . I n anot her - referred - epbodi nent, a nol ecul e desi gnat ed
RG297 Accordﬂﬁ@ﬁ@dtmwm%r%maqerﬂ/@ﬁt 268 M-here is provided a use of the
nodi fied, ciliary. neurotrophic factor Ax-15 in the manufacture of a
medi canent for use in a nmethod' . of treating non insulin-dependent

di abetes el it s b0 S AREIRAY SL8piyS6 hoRmdRHBACCTE MBddgoser Y - e

a nethod. of tre

di sease @ dhagy ‘r’leblx?(' F {(RfeWiRRTdrYR) Syat emrrf' (BpERrEhaet). bAn APN21Y &

met hod o preven he 'occurrence -of non: |nsu |n dependéent  di abet es

mellitus in ﬁme@aaaaéreﬂonf B S hungHre GNTF (Smlbulbdlamyndsmdalt QNYE (dpey cal
condi tions. higher = therapeutic dex. - - | n anot her- preferred

- enbodi ment , squares) earice RRIN22Gnilled e@aaﬂes)rs Riese riespanset pladissnaiatad t he
. doubl e substltutlon 63QR err] C13 which. is described that carries ::the
_doubl e subsEBt ghiakn cBtaye MBNIQAS cAUTVIVIng: at. th@r éEGIqaéeﬂnPEPt&mferent

spect rum of bi ol ogi cal potency and I h ferred

embodi ment ; CORCABIrAHANe aﬁj@s}l)&ﬁ%ﬁ@@gﬁeﬁighe nlRiSer of 'dedteRs shrftving™in

10 the presence of 2 ng/ml rat CNTF. Each experimental point

represents the mean of three determinations.

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

15 three determinations is shown by vertical bars.

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

20 several modified CNTF proteins were loaded as indicated. The
modified proteins shown are AC13 (also known 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 cillary neurons

in respeh'se to increasing concentrations of various CNTF variants.
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shows a told better therapeutic index than rHCNTF in an,:animal.:;
According to the. present invention, there is al so proli beluty@8ftosi ti on
conprising ¢ §g:/Rdsfied ciliary neurotrophic factor AX-15 ig @ﬁfzﬁis‘fr for
use in a nethod of treating non-insulin dependent diabetes nellitus’in a
mammal , for use in a nmethod of lowering serumfree fatty acid levels in a
mammal , for use in a nethod of treating a di sease or-disorder of the
endocrine systemin a mamal or for use in a nethaod rev i t he
occurrence diomial cosaentratioperasdensedtup@se OmER %(Nfg:lg“g rm . 10

BRI EF DESCRI PTI ON OF THE FI S Fi

sequences. ARG WHEt stan i'tumgg{?e%lrﬁbghﬁ%égﬁ%gufé,‘g%w:aglr ?‘ﬁﬁhg%
Ne 8:1:045-1 . ' | ' [
e on' " Ghg MR- HAEeR oJ et one ol L the hum

urman CNTF am no
acid residues (dots) and rat CNTF (residues shown). The nane of the
purified reconbi nant protein corresponding to each sequence is shown on
the |eft iEe72. - suNabhl iof Yp@hahy naissotkitedn 8s ehistalciliargi hicedo@SITF
nol ecul eg EI(:;irs?ﬁllttléduci ng SD - 15%%0I yayclr yl am de gels. Purified i
in response to increasing concentrations of various CNTF variants.

Control concentration response curves for rat CNTF and rHCNTF
obtained with standard, untreated stock solutions, as well as with
rHCNTF variant RG228 (also known -as RPN228 and having the

10 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 GNTF and rHCNTF

15 obtained with standard, untreated stock solfutions, as well as with .
rHONTF variant RG242 (which has the mutation 863QR,64WA).

Figure 9 - Average plasma concentration time profiles in the rat
" after intravenous (IV) administration of rHCNTF, RG228 and RG242

20 normalized to 100 pg/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 ng/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. o

12



10a 11 February 2004 WD 01/12810 PCT/ US00/20432 reconbj nant proteins were

| oaded as indicated. Markers of the indicated MV were!lbeRiegry@Q0ftane M
Figure '3 - Biological activity of two nodified CNTF nol ecules. A 5 human
CNTF (fill edOd/azedhds), rat CNTF (open squares), and RPN21%®quddoaok3z
squares). B. human CNTF (filled dianonds), rat CNTF (open squares), and
RPN228 (filled squares). Dose response of dissociated E8 chick ciliary
neurons surviving at the indicated protein concentration, as a percentage
of the number of neurons surviving in 10 the presence of 2 ng/m rat CNTF.
Each experinmental point represents the nean of three determ nations.

Figure 4 - |45 vechingigddsbh 1ot 0 vivees:dsity for EONTHYr RGR281dRAR4 2
M387/ huCNTng@?'E%oL asgg. Stgsn(grgrd devi ation ff\omthe nmean of 15 three

det er m nat i oggdigEGebewn by vertical bars. Figure 5 - Mbility of human and
several nodiftied CNTF nol ecul es on SDS-15% pol yacryl am de gel s.

Supernatant (A) and pellet (B) preparations of reconbi nant human CNTF
(desi gnated HCNTF) and 20 several nodified CNTE proteins were |oaged as
i ndi cated TRégunendi¥ i-eRgpresentative oissknstained: eCYons| {ePIHRInPIENG160) ;

LA ) U7 (R e 305 e e R0 S I
P 08 e PO 6 Pl B An PSR T O] A
ONTF var | ant S20E ] 1Epoifa ERIOoB RS B RS, Mo ens teeates v NGRS
| BDNF or NT-3 and injected with quinolinic acid. In the neurotrophin-
10 treated brains, a circumscribed area (indicated by open arrows} is
virtually devoid of medium-sized neurons. The two tracks 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 sections (coronal plane)
from brains treated with CNTF or PBS and injected with quinolinic
acid. Top left: A view of an untreated, intact caudate-putamen
(CPu). Top right: A highef magnification view of the lateral CFu
20 showing numerous medium-sized neurons, a few of which are
indicated by arrows. Middie and bottom feft: 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 cannula (c)
and the quinolinic acid injection needle (arrowhead); open arrows
25 indicate the medial boundary of the lesion. Middle and botiom 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

13



PCTI USOQ' 20432 Control concentration response curves for rat CNTE and
rHCNTE obtained with standard, untreated stock sol uti dbhEePHavgi0t as with
four rHCNTF variants, R&97, R&90, RGL60 and RGL62. 5 Figure 7 - Survival
of primary WOIERBIKt ed E8 chick ciliary neurons in responsRCu/GSGerresasi ng
concentrations of various CNTF variants. Control concentration response
curves for rat CNTF and rHCNTF obtained with standard, untreated stock
solutions, as well as with TrHCNTF variant R&28 (al so known as RPN228 and

having the 10 nutatian - Bar AV Iy B [$pogtateay ES
chick cili aP{}e‘T’l%nu?%n% ngﬁ%gEOn@%Vnﬁ%ﬁ?%%%gggngéiégfnncégrl\[? P‘glteiyc@ng of various

CNTF vari anggg; 10lof CIPRC @Rk ViRt P hawgspenare dndicased dby ratro®@TF and
r HCNTF 15 o%) %linng%)&hwet kl?fstandard, ugrztreat ed stock solutions, as well as

with rHONTReYRbhaNbsB@dare ¢high bas axterrmaltcapsuiefiqR, Bdevy!. ventinle. 9 -
Aver age plasma concentration tine profiles in the rat after intravenous
(1V) adni ni $lefastale birrHOBFMRGEZHt aaleRder2=280ndMal i zed to 100 g/ kg
dose for all three conpounds. Figure 10 - Average plasnma concentration tine
profilesbin the rat after subcutaneous (SC) adm nistration of rHCNTF,

Figure 11 - RSt Son Srotbd aamuist, WA dedlrofdprti BRIGRA "V g
Febr uary 20085 0WDT 26515 Hel Gy 30, T35, berh oy diifastfiatar Bfketic o0
toxicity forhei¥ibinREReR: (REFA42, BNE,RS2¥!-Mean neuron loss scores (xSEM)
| for groups treated with neurotrophic factor or PBS and injected with
710 quinolinic acid. - The number of rats In each trophic factor-treated
group is as follows: NGF=5; BDNF=12; NT-3=10; CNTF=3; Ax1=7,
equivalent numbers were used in the PBS-treated cohtroi groups in
‘each experiment. Stafistical comparisons were by unpaired t-fest.
NT-3 treatment resulted in a significantly greater (+) mean neuron
15 loss 'score compared with the PBS-treated group: t(17)=2.75, p=0.01.
CNTE or Axi 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 ther osmotic pump was implanted for only 4
days and the injectié)n of quinolinic acid was given 3 days after
removal of the pump. B. Mean neuron loss score (£SEM) for groups

receiving a daily intrastriatal injection of Ax1 (n=6) or PBS (n=6)

14



5 Figure 13 - Representative N ssi-stained sections (c al plane) from
brains treated with neurotrophins and injected with quﬁlg ngrE/ZOQ%i d. Top
left: A view of an intact caudate-putanen (CPu). Adjacent panels:

Conpar abl e WP&W&283¢ sections frombrains treated with NGF, P@DIE020430T- 3
and injected with quinolinic acid. In the neurotrophin 10 treated brains, a
circunscri bed area (indicated by open arrows) is virtually devoid of

medi um si zed neurons. The two tracks in the CPu were left by the infusion

cannul a (c) (and Lhe. qui o 14, i eBChhomid@Rsh of( dulfNadoid ec.
external ca ugeaa!%%fg’?éer%:\& 1\filgdlrléti’lr idgeg.c Scalle bar = 3.5 mm 15 Figurée 14
- Represent a Seiesit AAned)secs | pad).08oBnH1 O)2ArB) p=Drd4n brai ns
treated w tﬁ&Wﬁé%r PBS and ﬁ?j ect eg with quinolinic acid. Top left: A
view of an untreated, intact caudate-putanen (CPu). Top right: A higher

oot ons. . {agere Thi-cEfiects oimdekings 16 (KT Cals 1 MGHTEI Wg900NGHIRL £
QUi noli ni o & BLIeks mise waracwaienied rukssangpasRomaly ¥6he itk
open_ arr ows e s HHaReLa A 8 S GF' PIERBL T AT INGNE na oo
bot t om ri ght 'qrﬁgi P&ﬁﬁ%;fn&bﬁﬁe%éb@ﬁl 2801l haderddrsiie VBRictennul a

illustratin sence of nediumsized striatal

neurons in S doréas18didraHdwhineuron | oss score = 4), and the 13 11
Februgfy Zogﬁ%@ofﬁd{ggélg PCT/ US00/ 20432 presence of nunerous,

nor mal -appea_ri ng neurons in the CNTF-treated brain (sone of the surviving
Capsule: LV Eiaterts vBleotiat Ax-15 in 0b/ob mice.  C67BLI6) Gb/0 HIcE"
| were injected subcutaneously daily for 7 days 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 leptin-treated

versus vehicle-treated conirols is shown.

15 Figure 19 - Effects of Ax-15 in diet-induced obésity in mice. AKR/J
- mice‘were placed .on a high fat diet for seven We_eks prior o
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

15



Left scale bar = 0.5 mm right scale bar = 30 m 5 Figure 15 -. Effect of
treatment with neurotrophic factors on mnedi umsized strieRHEPYRE8fon | oss

i nduced by intrastriatal injection of quinolinic acid (Q4). A B, C D E
Mean neur oiWO@¥%288¢ores (SEM for groups treated w th neurmdT/ossoizessbact or
or PBS and injected with 10 quinolinic 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 the PBS-treated control

' ch er i i st.i_cal. i . :
OO T A 20as B EhlsR | inSQlin TBTRR WRARS mEASRY HNSRKPY

15 | : d ith ) . ! #eT5.
ot or. " ontiByTQUGed P aBBE] piGED fodw g theamhett AwRHPvohide) diets,

neuron | oss : red_ 4 tin. VE@RtordAgr thipsniyt (8)1=2nd/kg)pt®. 04 and
t(13)=4. 2, p@§%%i?ﬁ?£e@%e§git5el@. P??gFi%)ﬁre 16 - Effgf:t( of t?eat ment with

Ax1 on nedi Wetsir#fEeSthié adfbctsnair diet and/omdiicdd reatmenisan Akgsity-
injection of quinolinic acid (QA). Above each graph, a tine |line indicates
the experi meggsdciaterkneyparinsiiz@mitsur fguiss LR e USEMFOFOPIRIMS

e Sgs\(,:m.rit Ble@)é%sﬁ(v;g?g irgreaésﬁesql g@:%k&?ﬂ%ﬁﬁ@e@g%%gﬁ%&' \?\g?slé\l}vﬂé ar to
R e e e s il o
Febr uar y- 20080015 Y2830 AR SIS B e O Mona L Gy af ter
a5, 18! RS oSS0l gl e Bt B Ol
m ce. 4 hor mal _ |
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 50-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 inigc’cions of either PBS, non-
pegylated Ax-15 (0.7 mg/kg), or 1-20-PEG Ax-15 (0.23 and 0.7
mglkg) for 13 days. Food intake was recorded every 24 hours and

results expressed as mean gram weight of peilets consumed +/- SEM

25 (n=6 ber group).

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

daily Ax-15 causes a significantly greater weight loss than does

16



C57BL/6J m ce were injected subcutaneously daily for 6 days with either
vehicle or Ax-15 at 0.1 mg/kg, 0.3 ng.kg, or 1.0 ng/kg!! Fean20@hange in
body wei ght in Ax-15-treated versus vehicle- 5 treated -controls is shown.
Fi gure 18 wdHnfieg#os of Ax-15 in ob/ob mce. C57BUGJ ob/ ob ptemiseimdis:

I nj ected subcutaneously daily for 7 days with either vehicle, leptin (1.0

ng/ kg) or Ax-15 at 0.1 ng/kg, 0.3 ng.kg, or 1.0 ng/kg. 10 Diet-restricted,
pair-fed mce were injected with 0.3 ng/kg Ax-15 to investigate the
effects of food intake reduction on weight

| ass, , P t_cf in_bod
wei ght in Agaltgia reatriaficing ﬁ@dﬂbnmv:@at%thf%qﬁgfré%‘sefgé}cﬂsaPé?Fﬁégte’é‘lﬁ‘?%%gt)r/ol s
is shown. 15 Fi 19 . Fff of  AX-15,0 0 ydi.etsi d bty i 2 ce.
ARR D ol Wargo sivesh SR iertiBng?( 9 oof SR ARSI @ (¥r (G o°
t t t | hj . ' 1 / , 0.1
ko 0. 3 MEYF Y Vi€t 16 7adydD EBbdTIndRe had!rcidieisna O L e

injected w oRX-t}8ated] idNgRlls OFr-féd) ebf g sa2fe o&nfood- i nt ake
reducti on o%e\t/\]glﬂgk??g?%@s Per cent changeg(l n body weight in Ax-15-treated.

and Igpti n-tiﬁ%@gt@@ Bor fS highiest eaxrigatredted @roupl sThe gte@m.grougur es 20A
and 20B - Effects of "Ax-15 and diet restriction on 25 serﬂins |3ifg and
corti cost er uglyheight +/n SEK (NAURL 48l repesiedaley $2¢8 43y 9‘&1‘3%? 04 WO

01/ 12810 PCT/ US00/ 20432 mice. Figure 20A- Serum i nsul i eyel r
measur ed i n TrK/effedli et -Tith d@yedobBskeainent AN SRS &8Lﬁré§ﬁ§ Wt‘ﬁﬂdb

1o LS, O i kb BUcS ie JTLIO T Y ok o 9

measured | n VAR 3PRe; Rhlars) CHagiedVeRE Feall @R dRmonay chndner

10 Ax-15 treated (0.1 mg/kg/day, open triangle; 0.3 mg/kg/day, filled
triangle) db/db male mice 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

15 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 ahimals. 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-fasting

serum blood glucose from db/db male mice. Each point represents
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treatment with vehicle, diet restriction and Ax-15 (0.1 ng/k r Ax-15
only (0.1 ng/kg) to determne the effects of diet and/b?%‘-’g&@g%eat ment

on obesity-associ ated hyperinsulinema. 10 Figure 21 - 1-20-PEG Ax-15
(nmono- 20K- Riagofixesip) is 4-fold nore effective than non- pemdidgds, 15 in
causing weight loss in mce wth diet induced obesity. DIO m ce were given
weekl y subcut aneous injections (*) of either PBS, Ax-15 (0.7 ng/kg), or 1-
15 20- PEG Ax-15 (0.23 and 0.7 ng/kg) for 13 days. The aninals were weighed
dai ly and nean body wei ght change was expressed as percent change from
basel i ne +/ -thSEMdatE®f nelr legstugik. amlimals et 2EM 140 BoRFG M- e ReY eased f ood
I ntake nore effectively 20 than non-Pegylated Ax-15 in mce with diet

i nduced obednjgctibinO mi ce were given daily subcutaneous injections of

ei ther PBS, non- pegylated Ax-15 (0.7 nmg/kg), or 1-20-PEG Ax-15 (0.23 and
0.7 ng/kg) for 13 days. Food intake was recorded every 24 hours and

et oroup) . e 2a4reaen.. PRYSTIEdbER cotike e ITTE Aty NS i T

animals with
daily Ax-15 ¢ .Si gpi b gr ' $ Hlbad gleessd6 11
Februaty 200‘&35@‘%%??1@ﬁ@%&%‘??oﬁ%ﬁc@a?’gw??e@?i cti ongl db/db mce or
their heterOE%Wr!aﬁthrW@éeéetérﬁhhéh wdite sirvem fdam ydb/sibecialensnice. c. )
~of either Ax- .1 or 0.3 ng/kg) or vehicle for 10 daa/s. Food i ntake was
restricted fgpagedcrRMOf0 ahyyewithl dx-18atted arg/kglday -9.8dMI/EYHPRY sane

gy oht " hatesed faraz)as Soraparetds o alctruys. veire TAReH PoBens e
of 10 day 'Axi)sl;t?),tLgﬁr%enc?-%teh?cgegltr%%(%gg fhoa{tg{wgacgair)n aqu déjge-matched
10 heterozygous db/? mice (stipled). Each bar represents the mean of
at least eight animals + SEM. Figure 25B Fasting insulin
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 .
15 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 fatty acid
levels were determined 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, _
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 28A-26H - The effects of Ax-15 treatment on insulin-

stimulated phosphotyrosine immunoreactivity in the arcuate nucleus
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animals. An oral glucose tolerance test (OGIT) was perfornmed on__vehicle
(open square), pairfed-vehicle treated (filled di anond}! Feav@oRe- 15
treated (0.1 ng/kg/day, open triangle; 0.3 ng/kg/day, filled triangle)

db/ db nal e WOOY128M age- mat ched het erozygous db/? m ce (firdBUSWI20632€) .
Each point represents the nean 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 injections

(s.c.) of eit Ax-15 (0.01 : '

days. The n%gé/r%ﬁmcﬁod%%y%g'n?s%ﬁﬁ@%ﬁ(ﬁ@%?oggéélg%o@bég?%f&gﬂﬁ%%g. .
Fi gure 23D i iQf rRoservindfedotinal eaining Meuwarse of

tol erance i E}?dgﬁ‘:ﬁ)&%"ﬁaiﬂégsgﬁﬁt rrg‘i!§4 gl ucose tol erance tesrt?@( OGIT) was
performed 2QranaM&lte! RUCRRE) (Fltiaee R6B) dfobowingt a e3d enhirfdteO babits (025 or
0.05 ng/kg) db/db male m ce. Each point represents the nean of at | east
six ani mal s inSEM (@i Yur wi4hsi jugWannsinbasecpaparest taxvahicle daiasdad (0. 3
25 ng/ kg/day; filled triangle) conpared to vehi Ie,trLﬁat ed (open square),
pai r f éi- vehi cordrolr Eadd(Rigure e268) andilysis R6ANEadR$HE serum bl-ood

8%?3?2?& pcTiesarabiaBefine dRlb orich ehEe Eﬁéﬁéﬁﬂ #éfi’fOEE%%Zr%s%%‘i’%dY“e’r
i nj ion.  Fi ; - ' ' i 10-
PSR fﬁéh%t%uﬁw@%%_ﬁ'éﬁfn_ﬁﬁ%ﬁa@érﬁ'ef%ﬁﬁ?ﬁ‘%ggﬁjiéﬁﬁiﬁ§ﬁﬁ§|"3%033 -
trat t
concentra |$§§¥\%q%@w§%}/ﬂwﬁ n§eqsivctania dpadyeralfeerminsulim eated for

10 days wt y and 0.3 ng/kg/day, hatched bars) as
conpared to £ FM% 268, Cl e gck-( 6peatimany , ofpab/tibd mvieki cl e
treat ed (hatgﬁgghggrg and age- mat ched = ' _ o _
10 attenuated the high basal phosphotyrosine immunoreactivity (Figure
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 eitner 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 Pl
3-kinase (Figure 27A), |RS-1-specific antisera followed by Wesiern
25 blot analysis with an anti-phosphotyrosine-specific antibody (Figure
27B, upper panel), and an |RS-1-specific antiserum (Figure 278,

bottom panel). Non-immune control immunoprecipitation (N!), no
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10 heterozygous db/? mce (stipled). Each bar represents_the nmean of at

| east eight animals SEM Figure 25B Fasting insulin CEbRE¥HEVZP8ns were
determ ned on serumfromdb/db male mce treated for 10 days with Ax-15
(0.1 nmy/ kghd@wi/edesh 0. 3 ng/ kg/ day, hatched bars) as conpar ggrise6284s5 O

- groups, vehicle treated (open 15 bar), pairfed vehicle-treated (hatched
bar) and age-nmatched heterozygous dbl? mce (stipled). Each bar represents
the nean of at least eight animals SEM Figure 25C. Fasting free fatty

acid levels were determi ned on serum sanples from ?b/db rrglcﬁ mce treated
for 10 days lysate eentrsl (OIL), rayick @B 1ahsade 3compirRly ek P80 atVere o Whr s)

in conparison to control qgroups, vehicle treated (open bar),

pai r f ed- vehias émm@aﬂé%F|P%§lt'@ﬁ'e(ﬁrﬁg%iog aﬁ%nﬁﬁ{ hed heterozygous db/?
m ce (stipled). Each bar represents the nean of at |east eight aninmals
SEM Insulin tolerance test data indicate an inproved insulin sensitivity

profile fromthe sevegg-'yA!'FrE)ﬁi P%éﬁnyybﬁl Ot reHECINYENTROND/ db
animals. Figure 26A-2 - - reatment on 1nsulin-
stinmulgated phosphotyrosi ne i munoreactivity in the arcuate nucleus 18 11
February 2004 WO 01/12810 PCT/ US00/ 20432 of db/db m ce. |nmunostaini ng of
het er ozygous (db/fhe presethoiwention relatenste ianneiboshof yiresiing

i munor eactive staining neurons of the arcuate nucl eus éﬁi"gure 26B)

foll owi ng a Réumiogicel myl endotrinendiseaseg1and disarders N AN§ePh) as

"noul 1 r esi analsdi dbdsi bageRdinnPed. @biinel BTLAE ARG anef ogghindnt e
bat tor n (Fi GURCCDE BINGR WO aceREiab e 1 HRg A CTECoettof Rl 10
(Figuy & 26D) 4 Tendav uixahe HUfah R andPii stibsequent discovery that
amino acid. substitutions which cause human CNTF to more closely
resemble rat CNTF resuit 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 biological
25 activity towards chick ciliary ganglion (CG) neurons than rat CNTF
and the human protein competes for binding 10 the human or the rat

receptor on cell surfaces much less effectively than rat CNTF.
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10 attenuated the high basal phosphotyrosine irrrrunoreactivitg/ %Fi ure 26E
and 26G and restored insulin phosphotyrosine reponsiv@n%%tgu y PB re 26F
and 26H). Figure 27A-27B - The effects of Ax-15 treatnent on insulin- 15
stinmul at ed P §H#BLhg in the liver of db/db mice. Mle db/dPGEER0REs3R
treated for 10 days wth either vehicle (lanes 7 & 8), pairfed to drug
treatnent levels (lanes 1 & 2) or treated with Ax-15 (0.1 ny/kg/day, |anes
5 & 6; 0.3 ng/kg/day, lanes 4 & 5). On the 11th day aninals were

anaestheti zed i nj-gel edy h*bb}iérk}ﬁﬁoﬁaléd?@o(a)di@écﬂec%ffdﬂt ab fdantifgr thesul in
e

(+) via the portal vein. Iver was renoved and protein extracts were

i munopr eci bRl GVithe ENBhtmolggide peeppnsiilacios pihede diffeneinsesy This
foll onwed, by Standard Western blot analysis with an antiserumto the p85
regul atory sHbthuid infoRedilke nexchangegurye geENSic ERGINeeagi Metheds.i Séra
foll owed by Western 25 blot analysis wth an ag}‘i - hosghotmsi nﬁ-J cific
anti body (Fipare of2the hupnan GMAE $equprcaViir -?-%ﬁgfééﬁ PRAMG: T2k

(Figure 27B, bottom panel). Non-i ne.contrpl i recipitation €N ),
no 19 91 Fe&&%@C@MWQﬁNfMO%%ﬁ égﬁwggc‘g rgﬁkeﬁ\lg, and
3T3-L1 lysate control .for ) ' Chhdatd

bl ot ti ng coﬁﬁsgq‘é}?orbﬁ%iéﬁ)ggé%&%ﬁg\lﬁ l(@ tFﬁISEt*VI\I\/EI\ﬂ'I %\Pghérﬁedrﬁ]efgﬁye
‘invention rela t of , ; | ogie neicesBdpL soeh

di seases andllndlhieélr'aée)or@elgﬁéﬁgﬁ nse%é%gac?}gnglésl‘_?@{f :)gﬁ based,C in g’grt, on the

initial findgifgk Whete RrpRBERRNTN o oENTE biitets ofthe broigenres lip awase
human CNTF receptor than 10 does reconbi nant human CNTF and t he subsequent

di scovery t hgiat @icode atied samgtrotain i sequartdech \Bilhs $hiBUABRr@HYE to nore

° Ose1|)6 expression vectors were obtained for each of the modified proteins
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 ali of the modified
human CNTF molecules that migrated to the same position as rat

20 CNTE 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 ciliary neuroﬁs of E8 chick embryos. By fthis
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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resenble rat CNTF result in enhanced binding of the nodjfied CNIE, to the
human CNTF receptor and conconitant enhanced bi ol ogi cal? FEREMiA04 15 In a
preferred enbodi nent, alteration of a single amno acid of the human CNTF
protein reswbbsidsw a significant enhancenment of the abili tperadsobbgsProtein
to pronote the survival and outgrowth of ciliary ganglion, as well as

ot her neurons. Reconbi nant human and rat CNTF have the sanme nunber of 20
am no acids (199) and simlar mass (MN 22,798 and 22,721 respectively,
after renoval of the N-term nal nethionine). Yet, on_reduci ng SDS- PACGE

gel s, recom@naRt [Masako@skh at @l at 189 hsJaNairesei. noar 000725809 Wher eas

! aoiakos e bsla Pepinar
four C{“fﬁeg ﬁé:%&%iﬁé“aébﬁ@%ife%%ergéﬂ%w% ubfatboatlisnell ry AR, on (&
t t CNTF - t ' bi.ndi h
huran or hdS4. TSRS oRSY e iz 16 B g e b LBRA Ran 7ot
CNTF. 20 11 F 0 '
o o a ai Aoy Bl i8R degfedianPRE er PR e e

responsi bl e ié%’crib*é%s%e‘?'ﬁfr{ Shficthe Thbaificte ONTE modogdst raiteatiange, by

geneti‘c engihéering net hods, parts of the human CNTF sequence with the

correspondi nggmal, HitgBEHeaRBIbIRY Wnctnorensad Abiliyhice\sippiars the
advant age was taken o restriction sites that are comon to the two CNTF

genes and und (WRali 8 INRIry §BREREAORGURMsEXR! esripaTedetd dhe. pavant human
necessary, such sites wefe engineered in one or the other of the two genes

in areas thgNTEhqudteinhe Sacke nesolisi ndieeiech e Stoingh CoRelatigi rRi¥een o
expressi on vectors were obtained for each of the rradified proﬁi ns . shown
in Figure 1.alétator soff shenglecteopharaticduapbjiity: ands enb plogica

10 properties. -

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 CNTE is about 90 times less potent in displacing 12%I-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
competitivé binding ability were molecules that exhibited altered

25 electrophoretic mobility, wherein the molecules migrated in a

manner 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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60% purity, their properties, as conpared to those of hu
were determ ned. Because the elect r(r)rBhoret ic nobilitiek %??bqﬂﬂan%&dﬂagad ?;I;I-F
CNTF 15 differ significantly, the effect of each anmino acid substitution
was monit gyggimahgially by nmeking a determ nation of the gfd Afszzuch
change on the nobility of the protein. As described herein, (ﬁﬁéé]tero‘tps oretic
nobi | ity data indicated that all of the nodified human CNTF nol ecul es that
mgrated to the same position as rat 20 CNTF had the single am no acid
substitution A n63-Arg (QB3->R). Mdified human CNTF proteins that

delrmnslt rat ecsuch oellscaraplssdetdcassay Itheybisiding aﬁa@%biﬁ%t‘)fo’fhet ReodifiedonTF
nol ecul e were subsequently exam ned fqr, biolagical. activi '

Bi ndi ng. 25 IR 5 dharan FRPRG (R b 15 anppbrie FRELHEval

of dissociated ciliary ne of E8 chick r . [ ' '
BE{I ]1: i ed {ec%ﬁ’itlﬁnﬁa*‘la”r 5§t gﬁq In:'él 0 89"5%‘%}?% Vglgwt%gﬁrl%@%‘;é@ %llo@g-t\ﬁ;ﬁpgrr; r at
our tines por tiye t o 1 ,
g%/ %g%olglzc'ﬂgt‘iﬂ_ Jobs W’f:@%@fgk@sﬁye[&ﬁég 1@9@&?‘5@%&@@%'&{@
; - i L O i at 1yl Qyi bl i shed
g{\oiﬁ\gé: L I4 E@irﬂplé@@é&ﬁ% aésa?lamvgglﬁ't Fq?ggm c?‘gg?er m nea{'}\rgu e
al  addiiddnoretict Rorilifyenrat mekealiesrax eativerd than dersord :
As 5 descri be he!'pter?bn, lg! Pﬁ)of |’%yegletﬁrgmdi figggj CNfI'al::t ?rgl ecul@int hggrahrggm't\]ﬁlemve
QB3- - >R subsieraitinore exdtebt tthdnahuman €NEH @bcompeting i dinding of
survival of ciliary ganglion neurons as conpared to the parent human CNTF
protein. SuchHeatl CHTFNth dheedels sxpsagsiogr the oureanp erf€C8Pir at i on of

the el ectrophoretic nobility and enhanced biolpogical, 1 '
' In another émbodiment, an anima?%o%el wi?hp&é)l%%rnts'treastéd

i0 utility in providing an indication’ of the ability of certain growth and
other factors to prevent degeneration of retinal photoreceptors may
be used to assess the therapetjtic 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 degeneration.

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 expression in a prokaryotic
or eukaryotic expression system as described, for exampie in

25 Masiakowski, et al., 1991, J. Neurosci. 57:1003-1012 and in
International Publication No. WO 91/04316, published on April 4,
1991. The reccimbina‘nt neurotrophin gene may be expressed and |

ﬁtﬁlrified utilizing any number of methods. The gene encoding the
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In addition to neasuring the biological effect of rmdi“;ag tion de to
human CNTF, an indication of the potential biological ¢ rV"T"ty?OB each of
the nol ecul es may al so be obtained by determning the effect of each

nodi ficati oWOd#/1241@ ability of the is nolecules to bind to REBUSHNRE432
receptor. In one enbodinent, the ability of the nodified human CNTF
proteins to conpete with rat CNTF for binding to rat superior cervical
ganglia neurons (SCGs) is nmeasured. As described herein, human CNTF is

b 90 ti | i n displaci 1251-1 abel | ed 20 Ei.DiLadi
From t ese. GaRter M BEmSHBEIaTRA 1ED G PRCTaiale PRI SHOR e ey LB Adman.
CNTF t ei d i bed ' h i : t than the h
GNTF | n'ai spehcornele. PAF Py RETABY BiEigl BRBRITE eSer i bea herei n
that had such i ncfﬁ%é%glow%mtfb&?o@l ﬁn%{‘g.lealﬁ'\.llri'ﬁbﬂ Bor Qng‘;ﬂe@‘h%'i@et hat

exhibited altered ophoretic l'ity, wherein t nol ecul es

mgrated i n @pidiHIRwsS! 1B He LQusEqUtFiodmationt bbra establs, mbidlogeellys,
such as M37 fibroblasts, are engineered to express the human CNTF
recept®r a -getmeNrdteiand R kkafgilepand 2@040y\vay/ a2 8motaton, Ut/ 20432
such cells are used to assay the binding capa_bilitg/ of the nodified
protein to tlastotsmanay deepresoyerpéaifomntellsseBReT &S S50YhIEs PIUSINS R &

than rat CNTF in conpeting with 1251-1abelled rat r- Wala e 0 e
human CNTF r@@@@@nmgéim.air%ﬂ Wﬁ‘{p BYi 8@%%&%&8&}%@@%@9& oy’
described hegrgjn, includin I f those . | ecitr [ P
t hat resenbl éﬂ ﬁuarrﬁ‘ﬁll'?élr‘mt %Xﬁlrhﬁﬁlé)ﬁ}d%l\%%d d&%\yg%ﬁmltg %@?gfﬁ bt @a’ﬂﬁﬁtr%%ﬁfé\rr F
i n competi ngyi th hiadi i3 LidiRteeNER srrRebhaptinr RyEFashobR:
human CNTF rg{&eg%grgl n&g}l\grﬁ'eﬁnb%rgien@ﬁ},ngtaég cyﬁi mal ?m el” w ?h oh
denonghr at edinteraction chromatography, reverse phase chromatography or gel
filtration may be used.
According to the present invention, modified CNTF molecuies
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 celils
that express the appropriate signal transducing component, as
described, for example, in Davis, et al.,1992, Cell 69:1121-1132.
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. In
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, hepatocyies,
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10 utility in providing an indication' of the ability certai rowt h and
other factors to prevént degeneration of retinal phot ofLE%%P%W@gﬂgy be
used to assess the therapeutic properties of the nodified CNTF nol ecul es
accordi ng twobirezspr esent invention. As described in Exanpl@dysddehEr

(A n63[err]Arg) has a ten-fold higher ability than 15 reconbi nant human
CNTF to prevent degeneration of photoreceptors in a light-induced damage
nodel of retinal degeneration. Thus, according to the invention, certain

0 e S S A8 A i T
receptor and therefore,, woul e o have enhanced therapeutic
properties. MRE3REH f‘i’%‘&s’cngeﬁg‘l ?éﬂfeil%, Sesﬁe:f ul for practicing the present
| nvention may be ggcgtgcﬁ%i@@lybym@ wgbean@rmvéﬁ@éﬁ%r@ﬂde@ ForPHRMABIRL i or

eukaryotic expre ém as ‘descri bed, tor exanple i1n 25 Masi akowski,

et al., 199lyp; it- sBfelPOB 1P 22 a0 TH-relatedr naurolgicdlubki cati on
No. \/\091103?’349%,“ %E{aﬁﬁdetdsgﬁekpgﬁl 4, 1991. The reconbi n??f neur ot r ophi n

gene may be gixpressatoandisdrder foediiséase zonqemwg dambage ofs mesatods witthe
~gene encoding the 23 11 February 2004 WD 01/12810 PCT/ US00/ 20432 factor may
be subcl onedan néféectiveacireount ofxinee swdifiedeCNort, ofich MPTg & BWEAR! e, but
not by way of limtation, pCP110. The reconbi nant factors be rified
by any technihgueof.whibe aqdiliedrGN ithanelesy TRy 1 8% ndliizst op E?E’fabl e,
AR R R e i i 0 o AR
guani di ni um RBRGRRPErNGL Wb RAdJR pUBJIEHENGEh HERYEE: 100k Her y by BN
10 Masiakowski, et al. and for CNTF/CNTFR complex as described in
International Publication No. WOS81/19009 published on December
12, 1991 by Davis, et al. both of which are incorporated by reference
in their entirety herein.
Such diseases or disorders include degenerative diseases, such
15 as retinal degenerations, diseases of 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
obesi_ty,‘or diabetes, including, but not limited to, non-insuiin

dependent diabetes mellitus.
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the factors, conventional ion exchange chromat ography,wyfg{ro h%btf 10
I nteracti on chromat ography, reverse phase chromatograp ”%XI i

may be used. According to the present invention, nodified CNTF nol ecul es
produced asvdeéstasibed herein, or a hybrid or nutant thereofpCvEsebeis2 used

to pronote
vivo of cel

differentiation, proliferation or survival in vitro or 15 in
| s that are responsive to CNTF, including cells that express

[tration

receptors of the CNTF/IL-6/LIF receptor famly, or any cells that express

t he appropr

. . I duci . 1
(e approriate g008] dnRRAENRCRPIR I BN BB il it gl
al ternativel r%@;[ %gggbggdfﬁerg%rpé fﬂ‘,@é@{egrﬁstaa %@t%e%@{”|’§wigéﬁ%': The present

i nvention

di sor

t he. CNTF/ t | . . e s dthesired
i nventi on, ngs%é@ga?g %C%Wsﬁﬁlcgtbfbd pé)@f:ﬁjtbgﬁ;n@ B Size

express nenbers of the F/1L-6/LIF

receptor fanpl plajae bele2h tieakeduscraumdidegeneraties ediseabeodsor ixsuits,es of

such di sord

ers include but are not |limted to those involving the

responsive to CNTF or

fol | o ng cehtRidingeHietingtar'sl diséasmt opbeepredeménaineiiropaiMasicdyt es
progenitors, DAl cells, osteoclasts, oste-obl a%ts hepat ocyt es,
 ghadie

and their
24 11 Febru
epi t heli al
cells, etc.
whi ch a pat

deptaeoof Viduotingten (dipezsedsor 2 BEss VG| atiofy
Ils, nb i | | j T Ils,
Restia aEs. OIS bERten: STiatah Gty BBNHRAS, SFthduy 14oC 1

differenti a'iﬁ(‘a : %Hyéfgéggo& %ﬁ@a%élrﬁ&b% &&g'i pal &R, SLindsay.,

effective a

10

15

e Of nerve danage 1s treated with "an

es may be utilTzed to treat
below, Applicants have conducted studies, using both CNTF and the

variants described herein, in an animal model wherein the
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,
quinolini¢ acid, is injected into the striatum (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

20

25

striatum to that of patients dying with HD suggests that quinolinic
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
(tHCNTF) have been limited to studies wherein subcutaneous
administration of the protein was tested for its efficacy in slowing
the progression of amyotrophic iateral sclerosis (ALS). Such

administration of rHCNTF was associated with systemic side

26
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di sorders or diseases as. described for CNTF in International nglication
No. W91/ 04316 published on April 4, 1-991 by 10 Masi akiov@kyayéPl%| and
for CNTF/ CNTFR conpl ex as described in international Publication No.

W91/ 19009 woibi/izskied on Decenber 12, 1991 by Davis, et at.pciaiddeiszyhi ch
are incorporated by reference in their entirety herein. Such diseases or
di sorders include degenerative di seases, such 15 as retinal degenerations,
di seases or disorders involving the spinal cord, cholinergic neurons,

hi ppocanpal neurons or diseases or disorders invplvin nntonneuE ns, . such
as amyot r optgftedtas éneluding | U] angrexigo 88 ve'd tfl%galanﬁ’er'{)e? gﬁéﬁt as

Bel '’ lsy. Oh di L. d : i ncl ud
por i pher al - e stipabkeT o0 2re) Reretiredalil ARATE qedehped.oc "
Hunt i ngt on’ | 1Sa i ) iaph
osul ting 1oty oL AR EC e LaRRRTare (O wiEHIE Uebaib Y

stress, andypiehieti QEpite'probigthsnemhoside osffectoratid iantitsthh fesmaienl ar
dystrophy syndrone, congenital myopathy, inflammatory di sease of 25 nuscle,

t oxi ¢ gryopatdysubifbup bf aentPdni thieeeallynsiagesathyALEr apgpeared daidefiveluced
damage, or notor neuronopathy, or obesity, diabetic obesity, or diabetes,

i ncl udi ng, bogneft fromi rCNBE adminigdiation iGepealidResai BBEEBY mel litus. 25
11 February 2004 WD 01/12810 PCT/ US00/ 20432 In on? enbodi nent, CNTE qr
CNTF- r el at eddemioastiadeddasadused rake & nPulnoRary THBFIQMJOBE e%‘?W@ﬁtreaf to

hypot hes! 2edPIacEDP dieabRBTantFuAar bl el DR SRR sehsee or

h23$LLZihoFoéngr k%@?ﬂﬁg&ggghﬁ%é?ﬁgbgﬁegﬁéé%ggaégmgﬂﬂggggﬂggdegeneration

of theg intermittent, compartmentalized administration of rHCNTF into the
CSF of ALS patients, have demonstrated no evidence of systemic 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, 2:1256-127). The pump was attached to a subarachnoid
catheter who tip was placed at the L1 level under fluoroscopy.
Administration of 1 to 8 pg 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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medi um si zed, GABAergic, striatal output neurons, wthout substantial |oss
of striatal interneurons (Acheson, A & R Lindsay., f1obgbruaygl4, s
Neurosci . 6:333-3410). As described in Exanple 7 10 bel ow, Applicants have
conduct ed ¥QdV&®10 usi ng both CNTF and the variants descr idoadseneizn, in
an ani mal nodel wherein the preferential |oss of striatal output neurons
observed in Huntington disease, and the resulting dyskinesia, are m m cked
in rodent or primate nodels in which an NVDA gl utamate receptor agonist,

15 quinolinic acid, is injected into the striatum (D Figlia Tr ends
Neu(rqosci . ﬁbmghéi&&ﬂl@g@‘ﬁq CFWt?H\@sé?S@{?di @?drp'aéﬁqﬁ’ r?ggg\é/ari ant's

af forded pratection agaj nst expqQsure ls | Ni | S

resenbl ange fermagion, rpiﬁf?g)'gaﬁ'otlfhe égf:ﬁgﬁlﬂﬁglwc ggela gﬁ%ééjdsi %ﬁggf qgg’t?rlgta bl,tl% to
t hat of patient N | D t 8-t hak | Q] dhh S ' hough
1 produces APacatianant QUTEr IRHEERR B IRl 7 Fee IReRA Hp e hou
relentless aé%ﬁ.gll q.{é'rvghg glomrprogression of HD, constitutes an adequate

I o) '

ani mal node r thi's devastating neurological disorder. To date, human
clinicgal trials ug r@|eeeEhbRanithhWeisENBF, eR5al.r HEONR)lishere resatts)j i t ed

to studi es wherein subcutaneous adm nistration_of the protein was tested
for its effiApplicantsshanvengmplardepr egcapstiaieds BaHy Aglspmich aepgte
Systen ¢ si dEGHITR InReBha-PYbEBOANDS GPACERSD TACPAUSDE JOHS AT eigady:
B0% of pat | SHe rGSE; GPRGORENRTRS du, P dped Ttk hele, PEER acBSee Iy 2"
o o anc ATl WL BALRTS AR SinefEAe BcHemarAt csde
stagepgof ALZ apRaar aAdt AcHealid® of the acute phase response proteins were

not observed. There has been no CSF pleocytosis nor increase in

white cell counts. CNTF cannot be detected in the peripheral blood in

these patients. Results 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 mode! data demonstrating the
efficacy of CNTF and its variants as protective agents for exitotoxic
damage of striatal neurons in an art recognized mode! 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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benefit from rHCNTF adm nistration in that these patient de rated a
reduced rate of pul nonary function | oss conpared to pf%é%ﬂamaéed
patients with sim|ar disease durations. Prelimnary studies conducted by
appl i cant s WQ81/H§100 i ntermttent, conpartnentalized adm niEtesowao3of
rHCNTF into the CSF of ALS patients, have denonstrated no evi dence of
system c side effects or antibody formation. Such studies involved the use
of an infusion punp manufactured by Medtronic (SynchroMed Model

8615/ Series DAA) with a side port r sanmpling, CSF which was 1 érqpl ant ed
d AtaalieBlanisdacals ng” elbiarIRECYRRICIRS SLRBnAS By araMibigg:
gnlggggg)er ?I'hZ1 u 2 t#egll%‘g R sugﬂ m%_s!?(" fg’q—heR, FiaRo épB\?\/as

pl aced at tHqu_sppmg\E/)'eYﬁUﬁﬁe ‘?IS r%scop‘y. kg‘?n nis Pa?i on o? JE.i to% g
r HONTF per hour ritﬂéq %e&?h"}@_%ﬁhg‘é?%kim%vé@'ﬁa@ﬁlﬂ? bAg RefmHsy Wy to 1

year in four patients wth 2 hese patients did not experiénce the

range of advesppatdgnics GRTF, Pidvideyptefetred fehitladibmsnifst raelivery &f de
effects in this patient group consisted of sciatic pain in two patients
and hepdachegNTF vinefor Ekaniéoonsmiotionputpsy| iotal tbel ChiSuas pescibadwer e
seen in the CSF. In this study, rHCNTF displayed simlar djstrjbution and
25 phar macokapevé.c Beopaseithe tnstehility Qfofl'éém-é: dﬂu@%‘uggehaﬁi clofen and

mor phi ne infused into the intrathecal space., Unfortunately. r HCNTF i s too
unst abl e f ortegoperaiisas irdReqrasuVith ttﬁeﬁggi}yoﬁofbﬁ q%(geg?/dadlé(pot

adm nistration, .sjnce it tends_to fgrmc | Si bl Febguary 2004
WO 01/ 12810 peinisierof 2y {'ﬁrr%{'ib%cqqt?’ u%ﬁ‘?@%‘@y@?‘rei'ﬁg&?'i’b'dﬁg‘? [ ead; ng
to aggregate ti IR E; [ {AC j t d1a87 gt §, f or
stable prepurdein ofHERHER; fEsBlbak, ABreifiPAR: Bretted 10F ST Sseetm,
the. 4 gentraliRer yPUpedy Stpifoved stability, solubility, and decreased

antigenicity.
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 |
(rtHCNTF) 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 rHCNTF in PBS is
20 1 mg/ml and the solution is stable for a few hours, but at 37°C its
solubility is only 0.1 mg/ml after 2 hr and 0.05 mg/mi 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 (tHCNTF,AC13 aiso designated

RPN160 or RG160) retains full biological activity and is soluble at
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5 1n collaboration with Aebischer, et al. (unpubli shed resul ts)

Appl i cants have inpl anted encapsul ated BHK cells which %EQVH?QZOH@WF into
t he subarachnoi d space of 10 patients with ALS. Steady- state CSF
concent r at iWa81e%llip to 6 ng/ nL have been achi eved. Al thouwgr/esde2pati 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

th h | bl ood t
% B o B S YA
15 fl t t
TR 7 AR A A S IS Y
f d r HCNTF t th d |
e I A R s BT BB A g o e
di ) d I b d I del
S 0410 MR 08P g 010, ot o el e
agent g;.f or exi t otjpxjgs géfé%ﬁﬁn@& Fdt @@l theemaonistabiity aft rHEINTRI 2rd

nodel of Huntington's di sease, conbined with Applicants- discovery that

the side effechsTRICNCEBt Wbedihd aesalti oh agigsegarton ubiahgvagsintlidie By
i njection of CNTF can be avoided by delivery of CNTF or its variants

di rectly i ntigidfhgolctiBlarmbilgaat Honay¢odnationecarnd depentied stomgly odn
treating Huntington' s di sease. Accordingly, applicants_inventign

cont enpl at esprbin @oncent it and ttemperaautes Bir eeplegingtihe $engiens 28 11
February-2004 WO 01/12810 PCT/ U500120432 vi a i ells
cel l ul ar- | i keystekiecIresidusuéh Q@Sltlﬂﬁr%x%frrﬁpﬁ‘ann%@ﬂgo% ia@qip i8&cret e
F\ngrlzol,éldt 5[ ggi;tqllq\j/glg é;fg?gugp‘lj@{qr%[‘ty géllsnead SR&T ey Rt ebPeaf@?' %patlﬁﬁi’f and
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 particular
15 example, rHCNTF,17CA,63QR,AC13 (also designated RG297) shows
greater biological potency than rHCNTF because of the 63QR
substitution, 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 varlants
are amounts which result in the slowing of the progression of the
disease, or of a reduction in the éide-effects associated with the
disease. The efficacy of the treatmentlmay be measured by

25 comparing the effect 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 studxes
(Young et al., 1996, Ann Neurol. 20:296-303; Penney and Young, 1990
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conpared to CNTF, provide preferred formulations for delivery of 5, CNTF
via, for exanple, osnotic punps, into the CNS as descritfe r“%(%@\?@ Because
the instability of rHCNTF in solution at body tenperature interferes with
its abilitWQ &H@l(’chr onically admnistered by intrathecal PEA/US00/20432
intraventricular infusion, the wvariants of rHCNTF described herein are
preferred for such uses in 10 view of their inproved stability, solubility,
and decreased antigenicity. Accordingly, the present invention

t | at ' f CONIF.w ' Ik d i
Cher apbuti ¢ MAGHRABA: Porrcer o Phashy GhE” BReRiuiRehl o, Fliflcal e L0017
(HonTe) 15 TR e G e O e oG e o oo &

Buf f er ed- Salgjn TafhantRehtiohubt hesamlegict Defo, UPLI Munsatefed)t | east
the 4. 5-8.0d|1])’l-|qr9a8%ge %éggnids strongly on t%e tenperature and (E)ndat he tine

of incubati @utidtwSths t D1 X84Ibi Feigin ot aHCONTFR®S, hBsvemerd Disayders and the
solution is stable for a few hours, but at 37Cits solubility is only 0.1

my/ m Eafter {2):ar 1apt4)). @hchgadiogpsic A melates Tl HiFease BTSN ty and

thermal stability preclude stable fornulation of rHCNTF. i hysi ol ogi cal
buf fer. SuchiSingned@mpuied XdJey WPQE@@% ﬂ&%@orealﬁtea 'oflgggﬁti nuous

ZSZ‘; " gﬁ h@é‘a{aé‘ré%ié@%vdéig%aﬁ%h?%%?'tié@?%@ﬁﬂa{ NEhiodo R e "
sorublo at AP MRS 60 OP7 Pl e Bl a SRE o ot eaperat ur es
. (5-100) to q&%@@ﬁ@%{@%@ézesﬁs}; aEMdif resenahee Bneging (Svatton iety,

r HCNTF, [ err] IS out of a S sol ution _ o
10 al., 1992, Arch. Neurol. 49:1161-1167) and positron emission

tomographic techniques (Harris, et al., 1986, Arch. Neurol. 53:316-
324).

Clinical rating of the progression of Huntington's disease has
been assessed using the HD Functional Capacity Scale (HDFC)

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

20 approximately 0.85 units/year. Shoulson &t al., 1989, Quantification
of Neurologic Deficit, TL Munsat (ed) Butterworths 271-284; Feigin
et al., 1995, Movement Disorders 10:211-214. 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 symptomatic HD in patients. HDFC 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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upon incubation at 37C over a period of several hours, elx_z n at
concentrations as lowas 0.1 ng/m. 5, It was determi nE ?eq{'aﬁrylzﬂg“thernal
instability of rHCNTF and rHCNTF, [err]Cl3 was the result of aggregation
that was i WOi0Hi8d0 by i nternol ecul ar disul fide bond for matiCIUsendoadzpended
strongly on protein concentration and tenperature. By replacing the single
cysteine residue at position 17 of human CNTF with an al anine 10 resi due,
protei ns were obtained that show far greater stability and naintain their

bi ol ogi cal activity after incubation for at least 7, days in PBS at 37C.
This property is M&ﬁlmlmarﬁbﬂgi%tuﬁ%ﬂﬁV@B@@us\%fi%ttEemHhﬁ? ngﬂgbﬂaﬁr

Brginine. 1 eansgAencapap! TieB0ndh e AR e ER R LR, o ©°
ar gl ni ne. a ) ) ) , Lerr al SO

desi ted RE297 h | ol . Qg JdidyT f
the CocR suRAgla a e AR L] ool e e R et Pon

and great er%ﬁhﬁ%: 41 EaRRIBHSACOMHENRal” Ghpetreiiceuttboihe Thatemliesent
e

i nventi on cont atés treatnent of a patient 20 having HD with a

t her apgut i cajdptripfdect TN Ge@wet obfcatEfe aatropiey csm ikentCsiandifiedi beimcher ei n.
Ef fective anounts of CNTF or its variants are anounts which result in the
sl owi ng of tHscpudgteskidex’of the disease, or of a reduction in the

mmy be. measurod blagmelinpesonghenaTEtiaimey Bhcsseabronreiaec iBEG (o
i story of 1S SOHEBRCORNATL VR car P EiPf QERARRE INUHEVE
Fobr uary 2003PRB B3P Q81 O P00 5085 eI U Sorder ( Ae89160) . t he
devel pgment  af,clddiLaAithiAt i@ living brain.  One preliminary study (Jenkins, et
al., 1993, Neurology 43:2689-2695 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-deoxygiucose (which reflects synaptic
activity), or selective radioligands which mark selected neuronal
popuiations. 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 me}gnetic resonance
imaging scans separated by 42 (+/- 9) months. Seven 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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I nstruments (Shoul son and Fahn, 1979, Neurol ogy 29:1-3; Shoul son et al,
1989, Quantification of Neurologic Deficit, TL Munsat 'f%’fﬁb"“%ﬁlng‘?vmrt hs
271-284.; Feigin et al., 1995, Mvenent D sorders 5 10:211-214), and

radi ogr aphiwo eorsel at es of di sease progressi on usi ng conpwcadisye/tay?
tonography (Terrence et al., 1977, Neuroradiology 13:173-175; Barr et al.,
1978, Neurol ogy 28:1196- 1200; Neophytides et al., 1979, 23:185-191; Stober
et al., 1984, Neuroradiology 26:25-28); magnetic resonance i mgi ng
(Gafton et 10 al., 1992, Arch. Neurol. 49:1161-1167) and positron em ssion
t onogr aphi c ﬂe@éﬂinéq?m;(fmhe'r@ was 2al3.6%1086 yearciicregse dn . thesmsgnelsp )
Cinical rating of the progression of Huntj n%t gﬂ Sl—hljgi set‘gg? has!. been
assessed usiregonapceDNFAGIogi bieaudaip 4@ty (e ¢ HoEd) He el by
Shoul son and Fahn (1979, Neuro] o 23:1-3). A.ful | '

recei ves a Joeasuist of Taidalg §tf98éVe; H%’"%%‘fﬁre tég @{erééf-]pﬁébggﬁbt g?hbﬁ%
disability Shoul son et al. 8 LIl cat} g ic Deficit, TL
Minsat (ed) B¢t FiV\BP% H’sorié?lf-%ééii.th%ﬂ‘:en&g{/ée@ggﬁgggé ‘dengg%ssi on of

e e B AL Y TR S e st o

Butterworth ca¥ntlei Phils Sérial .poslPn, eMissioentomiograpbics 0r0: 211- 214,
If this scalsigalééet%r%ﬁel yI§ | 1 near (an k?ypot hesi s whi ch has not been tested)-

this rate ofmage@ties séovnance dintagines yield nitesl pf woss NRE 1@PeAHiRIENS year
25 duration' of synptomatic HD in ga_tient s. HDFC scores can qE r;gghlﬁye
grouped i nt ofréntithaseabbsergss inSABRICEDTatingaSCalanddPPEYEMAEN: R 2o or

oo O Sl Tzt e b TR B Al SR

gross1 8at hol ggli)g?ilmental pharmacologic interventions in presymptomatic
individuals at risk for HD should clinical trials be designed to
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 receptors, 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 striatun:l. Brownell et al., (1994, EXp. Neurol.125:41-51),
reported that, following a quinolinate 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 reflected
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structures. As HD progresses, the caudate nuclei shri nkl Fela

characteristic "box-car" appearance to the lateral 5 ventricles. The degree
of caudat e WOOHRWI0 can be quantified using a "bicaudate i reesUsoolbapaet i c
resonance i maging may be used to generate simlar indices to those given
by CT. Arelatively new technique, in vivo NVMR spectroscopy, however,
offers the ability to assess netabolic 10 processes within the |iving

brain. On [im tud Jenki , et t., 199 | .
90. 2650 DGoDauronabIoss 8aCHHesTRaReH S ARBYRIA0R Y K AR LAPRINgS urabi
flecti i t h | || t i At '
ot abol | oo TeWATHKS iaenangs foprs aepented OB EF sl BIERRARYY
PET its functional .15 ioagi i Bk i v ' .
Changen i n riediackc drges Wit celrdfaP fos o dMt d Tona xeftd Bebidite
reflects Sy'\ﬁp‘sitﬁata‘?‘:?éqigh\é) with SRleget deatiation.| Taeds wbsahs mavtickel ect ed

neuronal populatrons. eterm ne the rate of change of gl ucose
met abat i SM  @BRAe CRKALRMI @@thi DeRavieab obangesk dnak neumopatitaoly seepaat,

Grafton 20 et al., (1992, Arch' Neurol. 49:1161-1167) evaluated 18 persons
at risk forpobimongtonsxamisation are hsitmilandsi these PhSYVER iR ofbiCabhi c
gl ucose netabolic studies and tmo_nagnetic,resonanae | magi ng scans

separ at ed bysugligs1of Humtingtea's shigeasefpatents.ngn iﬁ@ﬁ{esgtﬁ?eggd P2t on' -
di sease gene negative;, the remai nder 2 re g A g '
testing or oWakgalss ﬂ&%o‘ﬂ'é‘ﬁoéﬂf‘iceracé‘fdﬂfr’%egﬁ?ﬁg. g@ﬁggggrﬂé‘h %ggpgﬁv@ﬂ%&?éolﬁgs
denonstrated _a significant. 3, 1%] 0 - Of ose netabolic rate per year in
“the caudate HiA Of 9435 'Eon%@h?ﬁm‘%eﬁi\;ﬁ%‘ [C], -4.64, -1.48) conpared
with {Re gene 32 chhiEAPEHALYIP QRS NEVO Uatd8h0 HREH URlit@ad3the

assessment of palliative symptomatic therapies for psychiatric

consequences of neuronal |oss and consequent atrophy of basal nglia
Perivn‘%gé

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 involved the use of

15 baclofen, a GABA-B receptor antagonist, on the theory that this
agent would reduce giutamate release from corticostriatal
terminals in the striatum, thereby retarding the progression of HD
(Shouison et al., 1989, Quantification of Neurologic Deficit, TL
Munsat (ed) Butterworths 271-284). The ouicome of this trial was

20 negative, in that baclofen-treated patients fared no better than
controls over the 30-month duration of the trial. Nonetheless, 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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negative group. There was. a 3.6% per year increase in the magnetic
resonance i magi ng bi caudate ratio (95%C, 1.81, 5.37)% Bebrpa¥£004pasure
of caudate atrophy. However, the rate of change in caudate size did not
correl ate WONRYi¥d0rate of change in caudate 5 metabol i sm RGERIYSMH20439 t hat
nmet abolic | oss and atrophy may devel op independently. Thus serial positron
em ssion tonographic or nagnetic resonance inmaging yield rates of | oss not
too different fromthose observed in clinical rating scales (approximtely

5% per ear, vide ra), and th may. .be f. A O nonitor
10 gxper?/rrent é?“ &ié!’rsfggﬂﬁi) dgeee iq{?gﬁﬁ?eﬂ{ql‘%ﬁqs@"géeg@ﬂg@omﬂggmi ndi vi du:';tl s
at risk for HD should cl.inigal,trl ' i} ) h

pati ent popd‘ll%‘f"’PHﬁF' % éAM%‘I (lgrr!lé{so%gréagt;&sag%?é?a olﬁ{gnﬂg mg?ﬁﬁﬁ?ﬁm :

radi ol i gand y S n| skl ahdl hadtrerinfiastiudtire forplexenpl e,
since 15 iﬁ‘?trul spgggpfﬁgﬁéaﬁeﬁupg%mv\hi ch are lost in HD uniformy bear

dopami ne reggptPes coniddRNdst thhidaneriddpdni HO.r eChis @robpvis isegrenthsed to
nonitor the progression of HD. These studies do i ndeed show a parall el

reductg on of;nbggﬁgatin?aealvaﬂbtgndf mdinieale ptiar ©ptiongD inpWdivgt 4) (the jUsss ki
et al., 1995, Brarn 118:689-696). 20 Simlar net an%I?ﬂic and ne%rﬂ_ﬁ:h i caI]c
findi ngs havef Beemzyohe Mniedenhapee stermediasy TPEIARANISD (3Rd a1 Yre ©

i nol i ni idin the striat B Il et .al 94, E

Nour ol | 195: aghiamate opprager BHaand/gr | SHAG LS oIRIRBFP RIS Woor ¢ ne
triat f 3 - ' t : i A [ t '
Gl sease 25 JsArass HRISBRTD R ERTEAR A PfRIEE rBaBenAy ek haton s
howed a | ong: 0: 59 i bkl LERG SET

showed a Ogg@fb;[s%@xﬁgag@‘ﬁ%r%th% gw@@%@nwbb LgiRlgi PET mblisodelodgt e

by [19F]flu tucdse positiFon 'em ssion tonography (PET).

Caudaf g- put a néfiicaey DOf felabmtoasalr dmpdantsd @8d,11
Febrﬁa@y ZOO?V%%T?%S%%QQNM Ricaoy a

eventually, the use of xenograft t(ansplants as well.

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,

i5 organized multicenter clinical trials consortia will make
implementation of clinical trials in HD straightforward.

Applicants describe' herein the production 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 rHCONTF 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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Dopani ne reuptake sites and fibers assessed by PET sh Fyary

decrease in areas with mld neuronal |oss and a |ong-term decrease in
striatal r&POHL3 th severe destruction. These results, WRCAAINOFRBL
consi stent wth behavioral changes and neuropat hol ogy seen at postnortem
exam nation, are simlar to those observed in clinical studies of

Hunti ngton's di sease patients, and serve fo additionally validate the

quinolinic acid nodel,. and su 3 I ein
human cl i ni @épgu?h :"Ql.s'aﬁ‘?@gﬁﬁ% {ﬂwﬁégﬁﬁ%ﬁ’ W%V"S’i%%%ﬁ ;’ﬁhégeﬁ'q imted
to the assegsagn Latiiv i exbResaph egydtem psye idition,
synpt ons anﬁ%oh%&ﬁ%%@e@eﬁts Shoul son Et al ., 135(981, Neur ol ogy
29:1-3). Ho r 8l that theercrapeatidenpig tapdadagontribwteptd dncredsed
neur opr ot ec\tqfxg %%ééé]nt. This trial i(r?\?gl ved t%e use of 15 bacl ofen, a GABA-B
receptor antipgaohegenieityt be theemoletule arii snayddse POIFIDIY cause gl ut amat e
rel ease fromcorticostriatal termnals in the striatum thereby retarding
t he pripgr esgprablemsHDvithShetabdloty.et al ., 1989, Quantification of Neurol ogic

was 20 hegat i ve, MaweNal, ael of or¢ resel imaereioft Sy S REBL A °: b
brovi ded ¢ hePISBIAIS Gogunds sravfBoRthEes ofig PRTEAR A ndBle: e
mpor tant ouf oo, B LhGeALUAYIdRRSdIEh & NRuAEHIEUNEINTFT Aictesliediismase

pr ogr essi on udy “subj ects was only one-half 25 of that originally
estimated by, i 1@l YfrHroVBds poté eeyTasorbilityayamdvstabilityed in t he
desi gn of fu‘{v&)pgd cqé:{ﬁﬁatﬁ trms usi rFng thi){sm rating instrument. 34 11
Febr upgy 2004rd2idk18618x-13, while avoiding the problem of decapeptide .

tagging when expressed in E. coli. As described herein, applicants

PCT/ US00/ 20432 neuronal |oss and decreased by an avera%ﬁgéjo toéﬁﬁgo
rary

have succeeded in producing a molecule known as Ax-15, (designated

rHCNTE,17CAB3QRAC15), which retains the improved properties of
Ax-13, but which also has the added advantage of being expressed by

156 E. coli with reduced amino acid 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
bacterial amino acid tagging, Ax-15 does not raise the concern with
regard to the immunogenicity or stability of the molecule that could

20 be raised by Ax-13.

: THerefore the object of the present invention is 10 provide an

improved modified ciliary neurotrophic factor molecuie.
Specifically, one embodiment of the invention is a modified human
ciliary neurotrophic factor having the modification Cysi7—Ala,

25 Gln63-— 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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PCT/ USO0/ 20432 Currently, there are no major ongoing cJinical tr'fl s in HD.
However, a clinical trials organization, the Huntingt ot Fsetﬂﬁ‘@'e“;ggé St udy '
Group, has been organized and has the infrastructure in place for the
conduct of WOPHIEH trials in HD, This group is currently PdTMuSssRé4gati ng a
variety of clinical trial options including 1) the use of Coenzyne Qto
enhance internedi ary netabolismand 2) the use of glutamte antagonists
and/ or glutamate rel ease bl ockers (W Koroshetz, personal conmunication).

I Tel has b ' shed. i o Fue . cat
Cef ng PET bt o agg 8 oa e T Mgt hoa llan Chepeiice
a,teH at ?‘lhel g@gﬁ Hrazpfi”cﬂe irf\)’é‘rmd’rf'ddﬂ WiiBhURE dtferatinedy aihketr ensar ants as

a validated clinical rating instrunent, and the

exi stence ofe,ﬁggggi@]t icetFidsequente ¢ aneamll s 2o hassesall tdinsdfasmed with
progression in HD, conbined with the existence of 2 |large, 15 organi zed

mul ti cent er thki récahblrrdral BNormoleciute.wi Thenhest celpMayehe apickarsetie| Phi cal
trials in HD straightforward. Applicants describe herein the rodlﬁcti orll_: of
a nodiFi ed @UERryntteaumce tharesore aawvhes 3fosrexample, feRagHAUEY such as k.

HCNTF, 17CA63Ck C13) which | . A ' | i ch
(r:onfers gre ' g;‘@%@tl )Eﬁhl Shfﬁtb%gy Iia B S t ?@gnoi%w%%élpggraﬁi réigllm (1:3

; 7 ; S eh eol ubi Li !  cal
cond t 1 ons) SRaddbteraatudinRi, roa HpiRifanaS e sudt as a COPBYTRDRS 201y

under physi olggi )C(@J?.ﬁgﬁ%ghg@pgﬁql be3d&ed dRda shewsod far rodudingether

t herapeuti c Thde 25 an ani mal nodel. However, when

expressed i Nnfpdifi@ll! cilpar§uRELRBtrophic Plerctoomoleciie eompssieg: p(a ei n
produced is tagged with a decapeptide at the Cterm nus, Because of this,
puri fieation%\fgwmg th8 hostlideli dransfarmedewith shenrecomRINA™ #NA purified,

unt agged 55 molgééltZ%%%he invention so that the DNA molecule is expressed by
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 compaosition
comprising the modified ciliary neurotrophic factor molecule of. the
invention (Ax-15), and a carrier.

Another object of the present invention is 10 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-16. 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 sysiem which comprises damage to the nervous sysiem

caused by an event selected from the group consisting of trauma,

surgery, infarction, infection, malignancy and exposure to a toxic
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11 February 2004 PCT/ US00/ 20432 product. This - decapepft:i de t Lng likely
does not occur when the Ax-13 is expressed in a mamal} a‘?PrB%%g i on
system In addition, it is possible that the decapeptide tag could
contribute WOOVH8tkased inmunogenicity of the nol ecul e an®GRAIE0HRGG2

possi bly cause 5 problens with stability. However, use of the E coli
expression systemwould be preferable fromthe standpoint of cost and

ef ficiency: Therefore, applicants undertook to develop a truncated CNTF

nol ecul e that would retain the i nproved potency, solubility apnd stability
10 properti egeot. ANS_Q,CQMGF@@WFBW@Q tﬁ’é%@%l”@\’ﬁ'@fo’ﬁéﬁa%erﬂ?w O?t aggi ng

b oduct ndrasting g NseRaBT dosidetomRRubd mpshe' Glidphy, Nave succeeded
HCNTF, 17CA63 5), ich [ | d; T f  Ax-13,
bt whi ohal 50 his frbekoallcl g g HRskRE riRnBA o Reovige &' O 1
with reduceqn@ﬁ]d'tp @ﬂgﬁoié’tﬂirﬁi%ﬁa%dﬁ@urﬁhs it nekgenkeatioreddprising

e advahn

t heref ore has tage eing nore easily purified wth a greater
yi el d.g Addi t @eysai@e@qwg@uhéumrias witieathy effedtived anbaiteof athearm no aci d
taggi ng, Ax-15 does not raise the concern with regard to the

i mrunogeni cithpdiffecst @tinry tyewfottdphioofanior edeaaribeguhgreipo ase A%ilSed by
Ax-13. Therefore the object of the present invention is to pr vié:le an

i nproved nodi fi edAlsol caniemplatedr Byine PRSIt MBYRRHAR IS %dﬁ@ L&y, one

B e Seek haorblimnte s, ArTRaeL APl b AREGRER
provi des. T orthin efsfa Betvely MBEH b Hr N o e haman
f'n{/:a?;{qogefgﬁtgﬁg,gfgjoﬁérﬁ%@r%%emtgga AgMantion. Also contenplated by the

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 2 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-
15 via a route of delivery selected from the group 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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11 February 2004 WO 01/12810 PCT/ US00/ 20432 DNA nol ecuLﬁ t hat %@Baﬁes t he
modi fi ed human ciliary neurotrophic factor of the i nvEhEFHHe ichis
operatively, birgg}égﬂnoto an expression control sequence, as well as a host
cell transf% th the reconbi nant DNA nol ecul e. The hoRtT/UEIY20432y pe
prokaryotic or 5 eukaryotic, and therefore may be, for exanple,' a
bacteriumsuch as E. coli, a. yeast cell such as Pichia pastoris, an

i nsect cell such as Sodoptera frugi perda, or a mammalian cell such as a COS

or CHO cell . Saifhiostedetlel it wigd dohidnfPalied! diséages ducidisoidirs

nodi fied ciliary nelarotrophic factor nol ecule conprising: (a) 10 grow ng
the host cel feduttans ffasmedamade ttbethieecmrbonansysbbin, whkegial such damage
i.nvention so that the DNA nolecule is expressed -by the host cell to

produce the magi beedacskdaby wauma,r sprgaryf detasetionpligiestionoBnche i nvention
and (b) isolating the expressed, nodified ,ciliary neurotrophic factor

nol ecul e. 15MTRHGN&NBY et biyn@¥ROFYFE fi0rd HEXIC88EBhpl at es a conpositi on
conprising the nodified ciliary neurotrophic factor |lecul e of . the
i nvent® on (Ax- 15) 1 NBnRresenl inwentionRIger PERYIder 8qr I%ﬁ@rg}aecseéﬁfcq!nvent i on
is to provide a nethod of treatjng saa | I oPf vous
system conpr?gm?é’s‘tﬂp%oqﬂ'nbggﬁ}q %gr@%@?%lﬁdmg% @ﬁ%"ﬂg ﬂgur}%tﬁt]?%p I C
factor descr L RagnnehefdofSadvadstriodie Hrgffisas herlisoRs dRbrépeaticagant e 2
degenerative di'Sease and/or involve the spinal cord, notor neurons,

chol i nergi ¢ pey eewm@exChiiths titd CRTFhirepeptarpus . a Auimtiat pivatrmacolegic met hod
of treatnent nmay be for treating a di sease or disorder of the 25 nervous

syst em whi chcaenri ses danage to the nervous system caused by an event

selected fromthe group consisting of trauma, surgery, .ipfarction,

i nfectDon, mali gnﬁ'%eyaaﬁdeebﬂ@(ﬁedieéltt avhich oxRy gqmp%se oNTFor the
modiﬁed CNTF molecules described herein should be formulated in a
suitable pharmaceutical carrier for administration in vive by any
appropriate route including, but not limited to intraparenchymal,
intraventricutar or intracerebroventricular delivery, or by a

15 sustained release impiant, -inctuding a ceilular or tissue implant
such as is described, for example, in published application
WO096/02646 published on February 1, 1996, W095/28166 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 10

achieve circulating plasma concentrations of active ingredient that
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nt enpl.at ed by the
present invention is a nethod of treating a disease o 1%&§B@§gpsénvolving
nmuscl e atrophy. A further object of the present invention is to provide a
met hod of Q&ﬁtecting striatal neurons from degeneration conprisin 5
treating sard &4t al neurons with an effective anount of XGEUSRIGP432ed
ciliary neurotrophic factor described herein as Ax-15. Al so contenpl ated
by the present invention is a nmethod of treating Huntington's disease.
conprising direct admnistration to the central nervous system of the
modi fied cildar e 1805 OPhiggreliviea el sdesay idedietilates fAxmlBose-
further object of the present invention is to provide a nethod of inducing
vei ght | oss riggzpansemcatves ngerséddroadinniitior ari anmal radetateshl sygtems
nodi fied ciliary neurotrophic factor described herein as Ax-15. A specific
embodi nent oEffebtise 1Goses @rei expeoies e sbe nyiibimdheeiagige 1dsEom adRiman.
The nmet hod of adm nistering Ax-15 may be used in the treatnent of norbid
obesity or o8 t§ &0 YemE¥R%I |y determined origin. The Ax-15 descri bed
herein_may also be used in a nethod of preventing and/or treating the
occurrence of gestational or adult 20 onset diabetes in a human. Any of
the above-described methods invol vinggyhgpmdegni stration of Ax-15 nmay be
practiced by administering the Ax- 15~vTa a route of delivery selected from
t he group consisting of intravenous, intranuscul ar, subcutaneous,
intrathecal, 25 intracerebroventricular and intraparenchymal .
Al ternativel ExaihipléX115 Egcheophoretist diehilitn dbieModifiadt dumanf cells
that release the nodified ciliary neurotrophic factor

CNTF_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, rﬁuch 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 ampilification
from the rat gene using the primers RAT-lii-dniH: &' ACGGTAAGCT
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contenpl ates di seases or disorders resulting fromda oadd ervous
system wherein such danage may be caused by trauma, surgery, infarction,

i nfection %Pgomsh‘gnancy or by exposure to a toxic agent. 5 The present

i nvention al S0 provi des for pharmaceutical conpositions cdig/YPAY2
nmodi fi ed CNTF nol ecul e or hybrid or nutant thereof, as described herein,
as the sole therapeutic agent or in a conplex with the CNTF receptor, in a
sui t abl e pharmacologic carrier. 10 The active ingredient, which ma

conpri se CNFGEAGBFTOMR 8% exhd R -blceleM: €3 TRTAT(HMEGIGTAGCAAGIEAMADe
formulated in a suitable pharmaceutical carrier for admnistration in vivo
by any appr@ATTEGT TOAGACEIGATHG CHOTTAGG Bl mited to intraparenchymal,
intraventricular or intracerebroventricular deliv a 15 sustai ned

, b
rel ease inplant, PiasoiddpREN22EIWas Honstructed (8 § r Isé‘%tr’e éﬁﬂﬁeésasl s
d i bed, f le, i bl ish | i | \ i shed
Fobr uary 1, AIBBEE WposkeeRlsBiautie Tad b eelA-ane b AUIREY B\ p0n 50505
bl i d Feb Y ,23,..1995, | : 6 of Yol tet th
etive 20 | SipPRIPd-Teinky e TER s PRRINIPER Y, 57aMa BTA cony |2
| ncor por at edy A RIQC I ROSAUBE TICSOT TG AT OB NOT GUC FOA BIEAGRITCA

controlled release preparations, In preferred enbodi nents, nodified CNTF

prepar at i onscyy CAACEA TAbA &G TGr 3Tt RasNieg-I: nb'oTCTaATE TGE OTALGApsul e
forms. 25 The concentration of the active ingredient used in the
formul ati on AGG Addp&8hd upon the effective dose required and the nopde of

adm ni stration used. The dose used shoul d be ffici t
Blasmide pREN1B6, pREN187, pREN18S; pHPN189, pRPN192,

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

38 11 February 2004 WO 01/ i2810 PCT/ US00/ 20432 The present, inv | on al so
et AR,

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. 57:1003-1012 and in International Publication No. WO
91/04318, 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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achi eve circul ating plasma concentrations of active inﬁglgc{%?nt b&@t 39 11
February 2004 WD 02/ 12830 PCT/ US00/ 20432 are effi caci ous eHE#d%ePPYe doses

may be extrapol ated from dose- response curves derived fromin vitro or
ani mal nodel test systens. Effective doses are expected to be within the
range of froRPHES ™ 001 to about 1 ng/day. 5 EXAMPLES Ex&ig/E04/20432
El ectrophoretic Mbility of Mdified Human CNTF Ml ecules 10 Materials and
Met hods Preparation of Mdified CNTF nol ecul es Bacterial Strains and
Plasm ds 15 E. coil K-12 RFJ26 is a strain that overproduces the |actose
oper on repressor {BHEI ESE] rieaRRBNG3. DA cdlecbphesesiseahdnan
CNTF gene and p@ﬁge\?ﬁi gﬁﬁcég?r}ﬁﬁgﬁ?h%ar at CNTF %ene arepr]earl_y ]
identical (Nagbpkewskiquest uskd, irl39dse Stulliesr bewe. bsenidesciibad iandedlin
i nternational Publication No. WO 91104316, published on April 4 1991,)
Plasm d pRPNPEhawesatosnsir UKG8% EnginessingliafedeiigipprANgsessiPinSyateM in
restriction enzynmes Nhel plus H nd3 an el purifying th 4 1
fragment. THYasaddsdA M%ﬁtl%ﬂaﬁpﬁfoﬁﬁhgﬁgﬁ@yvﬁ{%h %%ge%p g‘@%a?gpa@?‘ of the
human CNTF gene was su seq}% ntly replaced with an 167 bp Nnhel - H nd3

fragmeht t hatresds SHeEH Nk PCR anplification fromthe rat gene using
the primers RAT-111-dniH 5 ACGGTAAGCT 40

Results
The mobilities of human, rat and several chimeric CNTF
molecules on reducing SDS-polyacrylamide gels are shown in Figure
10 . 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
CNTE. Cross-reference of these results to the aligned sequences of
these pfoteins in Figure 1 reveals that all proteins carrying an
15 -arginine' residue at position 63 (R63) display the mobility of rat
CNTFE. 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 Bindina Activity_of Modified

CNTF Molecules

25

Materials and Methods

Preparation_of 125{-CNTF
Recombinant rat CNTF {28 pg) in 37 pi 0.2 M sodium borate
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11 February 2004 WO 01/ 12810 PCT/ US00/ 20432 TGGAGGITCTC %'; an%
RAT- Nhe-1-M 5' TCTATCTGEC TAGCAAGGAA CGATTCGITCA GA ACG 3'.

Pl asmi d pRPN228 was constructed in the same manner as pRPN219, except that
the 167 bp _replacenent fragnment was 5 anplified using the DNA priners

Rat- 111 -dni"ilpﬁlfﬁs.l" 5' AAG GTA CGA TAA GCT TGG AGG TTC TCT SREL046%C TCT
GCC TCA GIC AGC TCA CTC CAA CGA TCA GIG 3' and Rat-Nne-1: 5' TCT ATC TGG

CTA GCA AGG AAG 3. Pl asmi ds pRPN186, pRPN187, pRPN188, pRPN189, pRPN192,
10 pRPN218, and pRPN222 were generated by siml|ar neans or by direct

crchanas of (el TR vl ed e S Bk Rt 4 90E heco

was confirmed by restriction

anal ysi s andcDinSRAVAER)NG: 145 Bng! RiayeRr (it lam IHutvor 10M30fBipohienn
sel ec

synt hesi s, rveé extraction, solubilization and purification from
i ncl usi on bogli eg3wesEy.&39) dehihi had beenrédednthdemangentle gtheamakbwski, et
] :

al ., 1991, J. Z0 Neurosci. 57:1003-1012 and in International Publication
No. WO 91/ OddfgernubRieslbtidnenwape iihcubateabigr ebbcapin eh°Gdollowrdr Byi df
was occasionally used instead or in addition %‘I(%a ex&hﬁgﬂe £ 30 mi of
chr ome ogr aphin aslweonnttemqrattﬁeoa@ﬂn@r{m%’f%tr ¥ e addiepnaf 30 mt o
supernatants-of cell |ysates by strept cin |
fractionati of;2 N glgGiEE® BPILER M Ptﬂﬁo t'8Yt g%rﬁg%e;égb?%hw ;hr'aéo%her
proteins (Panayqtatos ef_al , Lk cd5BuchSR69) . Al
prot ei ns wergeragm M #%@aqdqeéri%[%%éag %%ltlfl;ecoﬁg paist ¢
Superdex-75 column (Pharmacia) to separate the labelled monomeric
CNTE from dimeric and other multimeric derivatives. Percentage of
10 incorporation was typically 20%, as determined by 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, '251-CNTF (approximately 10,000 cpm) was
15 mixed with a 5 pg unlabelied 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 ganglia (SCG) from neonatal rats were
treated with trypsin (0.1%), mechanically dissociated and plated on a
poly-ornithine (30 pg/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/mi), penicillin

(50 U/mi) and streptomycin (50 p.g/ml). Cultures were maintained at
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11 February 2004 WO 01/12810 PCT/ US00/ 20432 Conditions ,Lgr enz;r/%géi o
reactions, DNA el ectrophoresis and other techniques uStBeRHaY st udi es
have been described in detail (Panayotatos, N 1987, Engi neering an
Efficient r Lon Systemin Plasmds: A practical Approach (Hardy, K G
ed.) pp 16%@9@?2%#& 5 Press, Oxford, U K ). Results The &%’Péwza of
human, rat and several chineric CNTF nol ecul es on reducing

SDS- pol yacryl am de gels are shown in Figure 10 2. The chineric nol ecul es
RPN186, RPN189, RPN218 and RPN228 exhibit nobilities conparable to rat

Sc\)l;rr';;ir‘ggf;e?ioﬁsﬁ%?hwﬁﬁ%@gg?%é%i@?ﬁ%ﬁﬁfﬁ ngﬁi@!{dg 'ﬂ?gﬁal i gned
an 15 ar gi nRerees! aabSavensse e phoYPERREDY o G HR B ST "
s sut 1 ci oReveo Toander woohlbth S WeRhPS Sufeehvedt 4y e ™
Figure 2 al %ﬁpﬁf‘%}@@%@@f&?%“ﬁﬁ}ﬁﬁff“ sPWittin of welkksdi fferent 20

r econbi nant Vi sua spection, purity varies from60% for

RPN18Q to better G?’*] r i RRAAARobfxstnekel Ane Mrassfentedt with Bhedi ng
Activi%ty of Modi fh?le /wwaﬁ%‘l es 25 Materials and Methods Preparation

of [err]l- CNifmBacOWTrantedatoENgend 28qginton cd7al., 1099, Weskiruih:BEr af @642
11 February 2004 '

Davis et al., 1991, Science 253:59-63).

Binding Assays

10 Binding was performed directly on cell monolayers. Cells in
culture wells were washed once with assay buffer consisting of
phosphate buifered saline (PBS; pH 7.4), 0.1 mM bacitracin, 1 mM
PMSF, 1 ug/mi leupepiin, and 1 mg/ml BSA. After incubation with

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

15 washed twice with assay buffer, lysed with PBS containing 1 % SDS
and counted in a Packard Gamma Counter. Non-specific binding was
determined in the presence of 1,000-fold excess of unlabelled CNTF.
Specific binding towards MGS87/CNTFR was 80-90%. Data were
analyzed using the GRAPHPAD program (181, Philadelphia, PA).

: 20
Results
Competition curves of purified recombinant human, rat and
CNTE RPN219 towards '25i-rat CNTF for binding on rat SCG neurons
are shown in Figure 4a. Both rat and human CNTF compete with 125].
25 rat CNTE 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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WO 01/12810 PCT/ USQQO 20432 buffer, pH 8.5 was transfer{31 to a m){;ll
containing 4 nCi, (2,000 C lInmole; NEN) of 1251 and r ageé)ﬁ?aryg on and
Hunter, 1973, Biochem J. 133: 529-539) which had been dried under a gentle

st ream of ' . Reactions were incubated for 45 mn at_QOC fol |l owed by
15 5 mn at‘%’égg‘ﬁg?d;rrperature and term nated by the additior}’q}%@@n?ﬁ”of -

0.2 Mglycine solution. After 15 mn, 0.2 m PBS containing 0.08 % gelatin
was al so added and the m xture was passed through a Superdex-75 colum
(Pharmacia) to separate the | abelled nononeric OCNTF fromdineric and ot her

mul tineric LY Vs - t bark rheRODResA! trith Wagnay ICNTH YCHBA
as determ n%? Bé@ﬁi%lrgggmgh%g@mcﬁog}gphy aﬁd the specific activi gly was
typically a@g_ryjnm)poo C /mmol e. The nononeric 1251- CNTF was stored at 4C
and used up to oné week after preparation. As a test of structural and

conformati onal i r@iagrdrt yesaRs1waher opapineskifremelspmpetionc gyperiBents ni xed
with a 5 g unlabell ed CNTF and anal yzed by native gel .§I§ctrﬁ8horesi s. One
maj or band weighvingiusiee filyrobilasisr taitasts Wghaﬁnipg@s'&‘ 2BVEFHBR0 e phy .
1251- CNTF al so showed conpar abl e Lvit Q I ve Fai . SUPP '
survival of expressier ef rtlngﬂaumﬁ@upws‘*ifﬁcéaﬁtqfu@éu%‘o@gsﬁé’qﬁﬁuﬁwm
Techni ques Super. i rvical .gangligs(. at ed
w th tryps rAtd AON2EReEREatd ana Sb3el WL Aok oy IMasRIONTERE
pol y-ornithine (3 ) t m hs | RO BdsS hotkel tidn et s
nutrient m xcf%"se %&@é\%}"tm(@ggﬁ rééz:?'w\)a{dgggfgﬁal bovi Ee serum
(Hycl one), Icu L gt ((Neere 44 PRSI s, cleritlyc mMdrienpotett tar ) and
st rept onmyci 28[\138: g% gﬁ?t@?é’s Weree mai nt ai ned at 4??011 Fegruary 2004
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 Biological activily 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.,
1891, 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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V\b 01/ 12810 PCT/ US00/ 20432 37C in a humdified 95% air 5%% C02 ahagsphere.
Gangl i on non- neuronal cells were elimnated by treat Ik eRipay c(io ™M

on days 1 and 3 of culture. Cultures were fed 3 tinmes/Wek and were

routinely %@gﬁ /b%r bi ndi ng assays within 2 weeks. 5 M3B7/CNTER is a

fi br obl ast }1%¥1he transfected with the human CNTFa recdS{i8ySogiats?
(Squinto, et al.,1990, Neuron 5:757-766; Davis et al., 1991, Science

253: 59-63). Binding Assays 10 Binding was performed directly on cell

nmonol ayers. Cells in culture wells were washed once with assay buffer
consi sting qagRfiesphate buffered saline (PBS; pH 7.4), 0.1 nM bacitracin,
1 mVM PNSF, ]g/m leupeptin, and 1 ng/m BSA After jncubation wth
1251-CNTF for 2 IFguge B stupwst doperasporse caliveswef digapeiatgd.l 5iekighed

twice with assay buffer, Ilysed with PBS containing 1 % SDS, and counted in
a Packard Geemrichemlintidturesonf sp8cichick IBMmyey G\}%'% Qéf@ﬁﬁ"i fed Ryriiel

presence of LO0%i00d e ol el Sty BN HABR A A

A e A A e

1o o1 25 AEHTRE P o e R O e AT (1 CB0. = 25

1 12 0, N 350 PRAATL gl Spim gt cdombin i RumamONTEran

February 20080W@4Hddr2@¥0the dose-response curves in Figure 3 also shows that
the maximal levels of surviving neurons obtained with RPN219,

10 RPN228 or rat CNTF aré higher than those obtained with human CNTF.
These results suggest that RPN219 énd RPN228, like rat CNTF, are
active towards a larger popuiation 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 bio!ogical- 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.

Exarhnle 4: Use of Modified CNTF To Prevent Light Induced
Photorecepior Injury

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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PCTI USOQ' 20432 as potent as rat CNTF and clearly nore ﬁo% nt t%& human
CNTF (1C50 0.3 nM. Simlar results were obtained fro PP
experinents wth nouse fibroblasts transfected with a plasmd directing
the 5 expression of the human CNTF receptor (Figure 4b). Both rat, human
and RPN228 WEQPSEBE with 1251-rat CONTF for binding to Ma87/ GCFAIR00/20483 s,
Human CNTF (I1-C50 = 30 nM is 12 tines less potent than rat OCNTF (1C50 =
2.8 nM, whereas RPN228 is clearly nore potent than the human protein
(1C50 = 5.6 nM. 10 Conpetition binding experinments with the other nodified

CNTF tei h in Figure 1 tred t raseiav
R63 di opl ay dNthat il yruBanEe 161 off TPEZAGES (RRIICIASTIaceied 19 i ng
Q63 di spl bi.ndi : ' f etioic sh . Th
Foaul tar ot BN R TR A R e ok o, (O63-oR) o
sufficient t CoRfGEet W@eﬁ%ﬂﬁutﬁp witRcaptwiiitdi reflewopr tyadr tass

a :

characteristic of rat Exanpl e 3: Measurenent of Biological activity
of Mbdified g @Endéd eoeheaivevihe ficirsobtice MagdedsDREBEigHaAXPEIHTIE. was
assayed on dissociated cultures of chick ciliary 8an {ion (CQ .qgur ons as
descridhed (Matsawenskmaintainkd, in ToanspareniepPySarboRate gegefWthing in

I nternational Publication No. 25 WD 91/04316, published on April 4, 1991),
except that st@iniessngtes| | WirgePar staYS™d with MIT (Mosmann, T. 1983; J.

| munol . Nethods L0555 03} 14 ThristRht Hoht 200D fh38AAERBIZRR/ 20432
with a ketamine-xylazine mixture were injected intravitreally with
1 ul of rat CNTF, human CNTF or modified CNTF [hCNTF {Q63—R)]

10 dissolved in phosphate buffered saline (PBS) at a concentration of
0.1 to 500 ng/pl. The injections were made with 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 pm thickness to provide septions 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 scale 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 control 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 subtle degenerative changes 1o the

photoreceptor inner and outer segments, as well as spatial
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Results Figure 3 shows dose-response curves of dissocj d n n
enriched cultures of E8 chick enbryo ciliary ganglia f{)ﬁ%ﬁf‘?rﬁ’&gég

reconbi nant human, rat and the nodified CNTF proteins RPN219 and 5 RPN228.
- By this assay, the biological activity of the chimeric proteins is

i ndi stinguigehaizg1f rom that of purified reconbinant rat Cyor@sezekear!y
hi gher than that of reconbi nant human CNTF. Conpari son of the :
dose-response curves in Figure 3 also shows that the naxinmal |evels of

_ surviving neurons obtained with RPN219, 10 RPN228 or .rat -CNTF are higher
than those obtained with human CNTF. These results suggest that RPN219 and
RPN228, i k%%he@{f\lfe @reglients! wWithin aher dgea [Tawrger epepuvere oexamingdir ons

t han human . In parallel experinments, the biological activity of the
ot her nodi f ifed eaCNTHME ELéNNE0 GRIVATALS FidPFee ASRRSE FMYRed. I n every
case, 15 nodified CNTF proteins carrying the (063--->R) substitution

di spl ayed the biological activity of rat CNTF whereas proteins having Q63
di spl ayed the activity of human CNTF (data not shown). Overall, these
resul ts indi2@gell&hat the single anino acid substitution (Q63[err]R) is
sufficient to confer to_h i i Al irt BNndohCONIF CNTF.
ExarrpIEe 4: Use of %ﬂ{%rgén@ﬁ%%vgﬁé%rg ?@m‘gjurggd? Phot or ecept or
Injury 25 AlBino rats ' i Skitagnie -HEMIT Ey(Q68a3 R) \nexce
used at 2-5 @éﬁ'ﬁ of %eeala.%gﬁ?%tageav:\e% l9rrdxgltihnllfaigli ned in a c_g/cl ic ?i ght

envi ronnent (12 h X aaf fiat kN iddmtgtndncenefligheambge 25
ft-c) for Q%P'%‘ﬁegg%@%%bgpgﬁg B%irﬁgegspgggg@ﬁ? pgonstant Iigght. The rgats
wer e expose S)%eiLtﬁén%iﬂeﬁi@mbimﬂmman%NﬂF.February 2004 WO 01/ 12810

PCT/ USOQ 204 . - .
It is to be understood 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 5

Materials and Methods
Recombinant humén CNTF variants were genetically engineered,

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

20 d-escribe_d 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., 1983, J. Biol. Chem.

268:19000-19003).
The following stock solutions were prepared freshly in _PBS at

25 5°C:
FHON T oot erereeere s mssssssms s ssassrsseas ....0.5 mg/mi
RG160 (tHCNTE ACH3).ccrerrerirere R 0.5 mg/mi
RG162 (tHCNTF,17CA,AC13).coinininninns 0.5 mg/mi
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light at an illum nance | evel of 115-200 ft-c (nost raé\i receiy 125-170
“VhreEuen 0

ft-c) provided by two 40 watt General Electric "cool fescent
bulbs with a white reflector that was suspended 60cm above the floor of

t he cage. DlPiong2819 ght exposure, rats were maintained in trCISERREss:

pol ycarbonate cages with stainless steel wire-bar covers. Two days before
constant |ight exposure, rats anesthetized wth a ketam ne-xyl azine

m xture were injected intravitreally with 1 .d of rat CNTF, human CNTF or

(PES) at a concent rat 9280 UHONTE.8RIAAETH. “rhe-rhyeda BTere rade

W ih e Tnserion of a2 qauge el L e sclogayatpr o6

o iy, iF b e ulite T ie oL G b e
gg(r:I iusi |02 O;tm‘f@ r%@?:eﬁ’:ﬁ% a?‘h%t eé/)e'a tv}iglée é@ﬁ@d&ﬁéf\ll n te[pgxy resin fo}:i o
al ongq‘{hegve?"m%gﬁ%v i%ﬁ%ﬁsﬂﬁﬁe&e%e’w‘ﬁ@‘%gg?"e@ ?g)%fml Pgihtrﬁlgmj]trj?eqj&

retinal degengrflbban oiasifefgh! f | Alaltagaeasimy wdre tregistereid info 0.5
phot or ecept or rescue by a 0-4+ pathologist's scale of rescue, 4+ being

maxi mal rescue cHphatyqlypepEéne ecémaifugatienr fubes. Thbedbges: were

phot or eceptor rescue 'in each section, as based on conparison tp.the

control eye placebieirsand7°4 incmsatoroand, 8 thauindisated Yngsal8dVigHa! net hod

has the advantage of considering not onl t hi cknfess but %I nor e
e

nly the
subt | e degeniarhas w.erehB&f@@s{edoaﬂﬁecelbﬁﬁtﬁﬂgegc%ﬁot“gr\&génn"@rmar‘?& Jieh it s,
as vej | as spatial dlelh TSRIMAY ZORMILOHIHARCH R THIIHEN? YaRipitates.
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 E8 chick ciliary
neurons and for protein ge! electrophoresis have been described
(Masiakowski, et al., 1991, J. Neurosci. 57:1003-1012 and in

20 international Publication No. WO 91/04316, published on April 4,
1991: Panayotatos et al., 1993, J. Biol.Chem. 268:19000-190083).
Protein gel sample buffer (2X) consists of 12.5 mi TrisHCI, pH 6.8 -
20 mi glycerol - 40 mi 10% SDS and 5 mg Bromophenoi 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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degenerative gradients within the eye. Three eyes were eé%{n ne for each
time point to generate a dose response curve. Results '6 Ha'afg)gpée of
rescue was neasured for human, rat and hCNTF (Q@63-R). The data i ndicated

t hat both rva0 0EmBIhCNTF ((Q63-4R) had ten-fold dgreater abilpdwyuswo@icue
photoreceptors in the light 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 and
exanples are intended to illustrate and not limt he scoge of the

t

i nvention, \uroad pll cEidedd.5$.Qhdepengs ORGlY ORpHentRrPeIaiHAg .ang on
Ex |l e 55 Material ind Met hod Qubj t i :
geneti cal 'y tBAgimEcpedncuRamassel Tt st oETbIRMEE B FREahEl 4 han
90% ity, 20 d i bed,previ . ' ' 1994,
Neur bsci - R0ADb D 1° e [RRE I hora kBl 2 i Neursio 81783 R e
publ i shed o ;éétl'ﬁo ﬂ_ﬁﬁ,gjﬁmﬁéaaggﬁﬂﬂmﬁ, Qf AHCNT®O%he Jvaiant . Chem

: e fo C o]

268: 19000- 1 l'ow ng sto l'utions were prepared freshly in

PBS atg 25 SGUENTERAC13 can be concentrated to at least 12 mg/mi at 580.5 -

RG 160 (rH (1613 . - or. -THCNTF.AC13) hillmshuiws RGL62
(r HONTF 172&3&%’%0@%0@3%@ RSOy, Loy G AT shmshuhvs

PCT/ US0O0/ 204 ; . . o . /m
ROO7 (rHﬁ?g%ﬂ&}@h@:ﬁ %:6%&al buffer, n%timand tempekatureg

~conditions. Upon incubation at 37°C, rHCNTF,AC13 falls out of
solution at a rate that depends on the initial concentration.

10 To determine the cause of 'this instability, we analyzed the
physical integrity of rHCNTF and several variants in parallel
experiments. Figure 5 shows that incubation of rHCNTF in
physiological buffer at 37°C for 0, 2, 7 and 14 days (lanes 1-4,
respectivély) caused progressive disappearance of the protein from.

15 thé supernatants, accompanied by concomitant progressive
appearance in the pellets. Furthermore, a good proportion of rHCNTF
in the pelleté 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 aggregates was also

20 evident. However, when the same samples were analyzed on the
same type of gel but in the presence of disulfide reducing agents, the
48 kD species was converted t;) monomeric rHCNTF, evidence that
the 48 kD species represents rHCNTF dimers coQalenﬂy linked by
disulfide bonds. Such 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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To determine the stability of rHCNTF and several deriv {Z'ves i%‘?

physi ol ogi cal buffer at 37C, stock solutions were di alf/l Etabrgaly Mstively
against PBS at 5C, diluted with PBSto 0.1 ng/m and sterilized by
filtrati onWRPVHEH s (0.2 mM), were transferred into 0..5 RAT/CSApAGisLy
pol ypropyl ene centrifugation tubes. The tubes were placed in a 37C

I ncubator 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 iﬂmdr”?%lﬂ?é eWBFE CHBIdiAEE SwithSHRer RRIGNITE wariangs pet t ed
off into clean tubes contalning an equal volune of 2X protein gel sanple

buffer, pl ' h ' Pee gt that ek eahemtaf
uffer, p aquwgggagi& _Qﬁ@ rHONTF,680R, AU IS @xeept tha @ppeadihemta

anal ysi s by Pell ets were resuspended in 1/10 origi nal vol une
of water, mj ! Uj l taf waX popighiow gslowesniil ehbutése and
treated as léﬁ%@&é@c@gtggrﬁbiﬁ&gﬁl activity assays on E8 chick
ciliary .neusfopsONTFfAT1Br@®igire 63 Ghwnt tivpliacethat they & M@ ndelesion bed
(Masi akowski, et al., 1991, J. Neurosci. 57:1003-1012 and in 20

| nt er gt i onagodtebs | AT HON TS nmwéq%éﬁ,scﬂubﬂiityshied pdvysiglogicat, buffeo,1;
Panayotatos et al., 1993, J. Biol.Chem 268:19000- 19003&. Protein gel
sanpl e buf f ethe( 20provedi stabitify 1. SHANTFGiB, ispAestslikelyo ap infligR@r ol -
40 m 10% SDS and 5 ng Bronophenol Blue per 100 ml. 25 Results The

sol ubi l'i ty .ofom¢éallénds oRrits cyiemtby $olobiliy. i n physi ol ogi cal buffer at
neutral pH Furthernore, the solubility over a 49 11 FEePE)r,Eary 20 é(hfﬂz

01/ 12810 PCT/ USOCYeohgther dest pire amssibility-thad) thes JBRHRDItY cﬂfgr‘a he
temperature gtnda?'q’?} is caused by aggregation initiated by intermolecuiar

10 disulfide bond formation, the unique cysteine residue at position 17
was substituted by alanine, using established genetic engineering
methodology. The two rHCNTF variants, rHCNTF,17CA,AC13 and

rHCNTF,17CA,83QR,AC13 generated by this process were subjected
to the same analysis by non-reducing 15% SDS-PAGE. Figure 5 shows
15 that even after incubation for 14 days at 37°C both proteins
remained soluble with no evidence of dimerization or aggregate
formation. Even in the small proportion of protein found in the
pellets, which represented mostly the small amount of solubie
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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the time of incubation. At 5C, the solubility of rHCNTE in PBS is 1.4
mg/ M and the protein remains in solution for a few hoUrFs‘?b"I’?Wgﬂé‘?'p
contrast to the limted solubility of rHCNTF, the variant 5 r HCNTF, OC1l3 can
be concent mapediasmw at | east 12 ng/m at 5C. Despite this gUIaisen/20432
solubility, however, rHCNTF, AC13 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

anal yged { haonmiation [eRREIA FU6YeS NRATE AU EOBR AR RER MR, L ' o
urrer ot 3 meth ostancasd. peaen deK 19ley, AL Be PN YSLED O,
Bccomani ea biC RS RcShr AL T gReE R L o e

Furt hermre’pr%t&ﬂ%chFrgg@ Eth@nthr rkaifEon| IRGRO7pehde ARG tpPearard as a 48kD

speci es that™ correspon o the size of dinmeric rHCNTF (Fig. 5, double
arrowg At | od 6 bRl eRminaresncensmationsprepereasRGRHI ghdr Rér e

aggregates was dl so 20 evident. However, when the sane saﬁpl ﬁ,'s wer e
anal yzed on {hes asemydypaftef geiredlingiifeihSONCRIBRUORY @i's & i AU uci ng
agents, the 48 kD species was_converted_to nogomﬁ‘hi ( rtF%E“:‘EE evi dence t hat
the 48 kD spetipzeteinpraraainisgr HONHHUERRe FOWE 81 SHOWP I1RkSH by di sul fi de
bonds. Such diners woul d be expected tao. h ofpdihd ey St ei ne
resi due of rERNFENMIFHER FEHRON %&é‘é@%ﬂﬁ%@é%?né?(ﬁ{bﬁﬁhat ‘?\ﬂ'é i nstability
of rHCNTF at 37C is caused regati AT Fh &t e IRY dotiver fdingcul ar
di sul f1de bolPFoorTRERRL E’%l‘?%g’ﬁr RN m)é‘_glll 810 PCT/ US00/ 20432
Similap resuds Mers Phi@h B8 thbvearhEiPdtenegraantHCNTF within
experimental error, whereas RG290 and RG297 that carry the 83QR
substitution show 4-5 fold higher potency than rHCNTF, as
previously observed (Panayotatos, N., et al.,, 1993, J. Biol. Chem.
568:19000-19003) and as shown in Fig. 7.  Therefore, incubation of
15 HCNTE 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

Materials and ‘Methods |
Protein Engineering and Purification - The following rHCNTHF

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

25 RG297 (rHCNTF,17CA,63QR,AC13)
RG242 (THCNTF,63QR64WA)

These proteins were genetically engineered, expressed in E.

coli and recovered at greater than 90% purity by the methodology
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r HCNTF, [ err] C13 and r HCNTF, 63QR, 4C13, except that the ear anc, f
i nsol ubl e aggregates in the pellets was sonehow sl ower?fﬁe ngryc@gg of

r HCNTF, [err‘%’g Fﬁure 5). Gven the fact that the [err]Cl3 deletion 5
confers to Yuch greater solubility in physiol ogi cal BEP&0204%ne

i nproved stability of rHCNTF,[err]Cl3 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

i nternol eculgeésc%e@ibwﬂ FHENPPNgvASIERBIWSRE, et ., uhd9le JcNdwiosel.r esi due at
position 17 was substituted by al anine, using established genetic

engi neer i ng 5Eti00del 0¢2. afide in imterakithal aPubhcation HSTAVO CA1 {43 1813 and
r HCNTF, | 7CA, 63QR, 4C13 generated by this process were subjected tg the sane
anal ysi s by publisheducnndpt’,SbES PAGRanaygtatesset I@J}V\/swﬁi‘!-t%aﬁ'@vé:ﬁh%ﬂer

i ncubation for 14 days at 37C both proteins renmained soluble with no

evi dence of %@:&'e"rg@gﬁi'ﬁ)ﬂo@r\?')aggregate formation. Even in the small
proportion of protein found in the pellets, which represented nostly the
smal | @nount of sol ubl e protein remaining in the centrifuge tubes after

remval of the 2035iRRIaa! HhnyityICASsHIS LI MetRoas! fnefolobicHimectivayi on.

These results c on that the instability of rHCNTF is

caused by aggeofal o Bdichic @Mlidhy nelimohavel beed desérlsed [(Patayotatos
an e

formati on, nonstrated that el imnation of the free -SH functional
group in ot hetr af HAYER, var Biolt Chemg 268AIV0G 003Ul t in 25 greater
stability. To test whether the proteins remaining in solution after

i ncubation at 37C were still biologically active, sanples were analyzed

for neuronal survival activity. Figure 6 shows cant,rol 1.11 Eehruary 2004
WO 011@2810 PCT/ @mimgokine%c D%termmattﬂons - Rats we?e mjectgg y

intravenously (i.v.) with rHCNTF (n=1) and RG242 (n=2) at 100 ug/kg
and with RG228 (n=1) at 200 pg/kg. Rats were also injected
subcutaneously (s.c.) with tHCNTF (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 plasma specimens were analy'zed 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® (Phoenix International Project No. 920847) 10

November 1993).
The plasma concentrations were evaluated using non

compartment techniques. A standard curve for each compound was

inciuded 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.

53



concentration response curves for rat CNTF and r HCNTF obtained wth
standard, untreated stock solutions, as well as with fbtuFebruagRP4vari ants
i ncubated for 7 days at 37C. O the latter, the proteins carrying the 17CA
nut at i on, 81281 RG162, were 5 assayed at their nomi nal PE3ABEENRM4ER i ons,
whereas R&90 and RGL60 were assayed after correcting their concentrations
for the anmount of protein remaining in solution. Figure 6 shows that' the
concentration response curves displayed. by these conpounds are those

expected fromth rot.ej ' eH. ' . RG162
show the sane pobiie e idcigRell:Hesetthinhifris Y8 VRIAT. Maic 3PRdie o0

and RG297 t bafwied" Fatst WRIGRRE - | (WirboRnEbMEtEed befierdisghgenpoTamcy
t han r HCNTF, as‘gﬁpﬁée(tﬁi g%s@@%bs??\%g (Panayot atos, N., et aI.,gllgSS, J.

Bi ol . Chem (i?88&ci8H0 hdRROMasandirectdwvat the Feeel of thbekeéerandiacubati on
of 15 rHCNTF™and its derivatives at 37C for 7 days does not cause_l oss of

bi ol ogi cal awhi segnernbl neosa was pemaeved.t hBBagh syraeres Vet PETRTREd by
precipitation. Exanple 6 20 Materials and Mt

hods Protein Engi neering and
Puri f Bcat i oon tiédefiosidaviaigeasionammatar i%ﬁ@ﬂ%\e‘?@ m?%daf?%f rSILkEﬂFF%/
R&228 HCNTF, 63 ; 28 97 HCNTF, 17 C
(rHCI\FI'I(:,r 63QR8 %Q')ﬁné‘éeég Pt 8N ;a&gﬁ@i’%@% ?’%ﬁlﬁflé éﬁgﬂ%&gée%,o%xpressed in
E. i d er t % j t areralel 2 11
Febr uary 2000 R bLIoEpE e AR R 54 3) 0P the HENTE b OaRa! RUBE

tested, dissolved in the same vehicle at doses ranging from 0.01-1.0

mg/kg, s.c. Rats were weighed and injected daily for 1 week, at
10 which time they weré_sacriﬁced and the soleus muscles dissected
and weighed. The ratio of the right (denervated) to left (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 toxicily, the
15 body weights were calculated as a percent of the weight gain of
vehicle-treated rats. Both vehicle solutions produced similar

resuits in atrdphy 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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described for rHCNTF ( Masi akowski, et al., 1991, J. Neurosci. 57:1003-1012
and in International Publication No. WD 91/04316, pubi1 Bdtecaro20dpril 4,
1991; Panayotatos et al., 1993, J. Biol. Chem 268:19000-19003). 5

Bi ol ogi cal We01/1281y Assa - Methods for biological activityPcagEsayesn E8
chick ciliary neurons have been described (Panayotatos et al., 1993, J.
Biol. Chem 268:19000-19003). 10 Pharmacokinetic Determ nations - Rats were
injected intravenously (i.v.) with rHCNTF (n=1) and R&42 (n=2) at 10.0

|

err]gl/k and.wi th RG228 = ! Kk I Oy,hRI 66
[subthgangouﬁhsa"\(M%.ag.‘fa';}\?lt’%(é] Eg(ﬁg%g @52 %%E °§n§5§cﬁg'§‘ 2 ng%ntat
200 Rg/ kg. ' | ' t i i
(imes af Ler SRR o L e B e L Ve e 1%

speci mens \A@rgaanagyzt%d s%r@sgahﬁ oHETvity EtdISiveetdh i ONT Fr odent  pl asma
(D. B. Lakinds, et al. DSER 93/ DVAP/ 006, "Dose Proportionality and

Absol ute. Bioavailability of rHCNTF in the Rat Foll ow ng Subcut aneous

Admi ni stration at Eight 20 Dose Levels" (Phoenix International Project No.
92084% 10 Rbaemssokiaetlcs Fh&8gipee naitebREBEL oG FR Al B ot Vit g usi ng

el uded” on BBRGIESS ARG ot Skhsocaitioldsy de Tl HEREHECINERa .
Sensi 1 vi (y SicaRy dhouo, of 86 EReiTy e aBettite pheifalidl® Uoaia. o5
L1 February GRRSNELH) 1 H0e TEHSUHIARF BB crtmand o
described below, the disposition kinetics after i.v. administration
10 and the absolute bioavailability after s.c. administration of RG228
and RG242 were determined and compared to those of rHONTF. '
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 pg/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 B 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

tast as rHCNTF and cleared from systemic circulation somewhat
faster. The area under the congentration time curve (AUC) for RG242
was comparable to that of rHCNTF, indicating that the total pody
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 B and AUC, was

approximately twofold smaller for both RG228 and RG242 relative to
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Dawl ey rats wei ghing -220 g were anesthetized before surgery. The right
sciatic nerve was transected at the | evel of the knee #hBelrusry 2004 segnent
of nerve was renoved. Sham surgeries were performed 5 on the left side of
each ani malWO8t/&814 ng the norning after surgery, rats weregwrighedisand
adm ni stered vehicle (either PBS or |actate/phosphate/ mannitol, pH 4.5) or
the rHCNTF conpound to be tested, dissolved in the sanme vehicle at doses
ranging from0.01-1.0 ng/kg, s.c. Rats were weighed and injected daily for

1 week, at 10 which tine the re. sacrif.iced and t sol G
dissected aitCNdiFgheQoasin a‘?‘%& W@sﬁhé{a}"ﬁ&fﬁ ?@eﬁé&ﬁgyg%‘?%%g?@ﬁ&?sham
sol eus wet | ght s..fqr ani : R ot ree of
at rophy cau\é\ghggﬁmﬁgﬁe‘?ggﬁé&ag@'%\g@épdr%"gévdeuri:{‘i on tehgygg'?‘ﬁ&ﬁ]yé {a?%ar?(’;[gnt W th
each conpoun 0 %ﬂf‘ﬁt ofyidtmetiart Yf tHissel vdady. WaiighkveretBese

cal cul at ed agﬁ%‘ﬁp{et}%e oﬁﬁpkg \E/?ééltgmtmgai n of vehicle-treated rats. Both
vehicl e sol utdqnss piedHgeshdicaté athatr eisal tistributionopmd adidpbsitiomei ght

gain. Results 20 Biological Activity | n Vitro - To characterize the
activigy of kileNEE oh REGRPS, ane FER242 ezftér d.vef ddminisitatieni aré myek he

survival of primary dissociated E8 chick cili m eurons. Neuronal
survival in substeovisdlyt diffecardadiony twesemir 8T of vari ous human ONTF

RG207 (Fig. 8t nAfiesd.by ABINSERN GG a8 S0 AR AZ Bo0 Al S delear ™
P oy e o B o oAbk ARy N PR (4 410 T aier oy
o oduct o 1o WA B o ezde Baol b omeuna0banil OThe2610
diffefgnt  |onger apparent terminal disposition phase of RG242 after s.c. dosing
compared to i.v. administration may be attributed to the incomplete
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 % .(n=18) and 7.5%

" (n=8) (D.B. Lakings, et al., DSER 93/DMAP/008, "Dose Proportionality
and Absolute Bioavailability of rHCNTF in the Rat Foliowing
Subcutaneous Administration at Eight Dose Levels" (Phoenix

20 International Project No. 920847) 10 November 1983;
D.B. Lakings; et al.,, Dose Proportionality and Absoclute 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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effects on the survival of primary neurons in vitro that vary from great
|l oss to strong gain of activity relative to rHCNTF. 5 PhBebraenid004ti cs -
Before attenpting to correlate the in vitro biological potency of a set of
conpounds tWOWR&I30 phar macol ogi cal efficacy in vivo, it isPaEBf204
determ ne their absolute bioavailability in the sane aninmal nodel. In the
experinments described below, the disposition kinetics after i.v.

adm nistration 10 and the absolute bioavailability after s.c.

adm ni stration pof 28, .an; at=Ye| r it hose of
r HCNTF. The @X/e?(r) Q&?%I ?ﬁ@%‘ﬁgﬁygﬁ{ %‘r‘fetE F%eien%ﬂgff es d?%@%’egﬁ.ﬁ@ nfatfter v
adm ni strati : 398 n o%‘i’@ie?ﬁeemm hts. ADgiye 9,

normal i zed t\gé}iﬁ)wgi Eél (?o)sga&%rn@aﬁ three corrpoundse. The 1IEI>V aver age

phar macoki ne g imatfraiehebs HMENIFBsuited innaTdbse-depeniferdr réscue of
admnistration to rats, R&42 had a distribution phase a sgnewhat faster
than that of muENTRvenaveRGaR&t TheEDgj spdkil2i B/ kband @ Mmaxirel setiapi aka28
was faster. than that of rHCNTF. Thus, RG242 appeared to be distributed
into the body :mig/Rg (Figared! {).omis e eante cimeulamanotheughiednimaler e
rapidly than rHCNTE, whereas RG28 appeared to be Fli Btri buted.intq the
body as fascomnuedNTF gain weightedufingniis QQUHFSE ef teEPSt PYReY at

faster. The area under the concentration tine curve fqr R&R42 was
conpar abl e t hahateary rdidTet galm &t MICT 2R tﬁﬁ'g t\'8{1§ﬁgﬁ5%9695 cl earance

(CAT) was about fhe s far~the. cngpo P W [Rf ea was
observed w ﬁ%@’@?%ﬁ@r?ﬂf@b%ar htélé}g?%r%eﬁy é&qﬁﬁstﬁ%ﬁﬁ% (Vvarea),
which is a f | ffgﬁ 0 and AUC, was approxinmately twofold small er

“ for both RGZ%@%%%BH%Z relative to 55 11 February 2004 WO 01/12810

PCT/ Upg0/ 20432 r HiNThe ¢Uge6et bNGdviera! Expeeimenisacondactediiat pabalield widss

w del y. . i
rHCNTF, it was determined that the 63QR 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 1o ‘
rHCNTF. Finally, R(3242 produced a 2.8 fold increased potency and an
2.4 fold decreased toxicity relative to rHCNTF. These results are
summariéed in Table 3.
The relative therapeutic index (T.l) for each of these
20 compounds was calculated as the ratio of the TD,5 and EDgq values,
normalized to that of rtHCNTF. While the T.l. of RG228 is equal to that
of tHCNTF, the T.I. of RG297 and RG242 is 2.6 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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The Iimted nunber of animals used in these evaluations did not allowthe
guantitative distinction of these values. However, thetkFehroayl2094cl early
indicate t 0{;{]2% di stribution and disposition 5 kinetics of RG228 and
RG242 after Yministration are not substantially dif E&TER0%2443M t hose
of rHCNTF. After s.c. admnistration, R&28 and R&42 had a 2-3 fold

| onger absorption phase (Ka) relative to rHCNTF (Fig. 10 and Table 2). The
di sposition phase of R&42 was al so sonewhat | onger. The 10 | onger apparent
term nal di sposi e O$HhAU o feratiops iry-

adm ni stration rrtgr?%eag??ral g‘fﬂtﬁ?to t lieI F%cz%grr%izgte @ghgﬁgg@rl zation of

the' term nahePhdsco addiar sé Gencaf ofi GINTF ican rGsaltain a2 biclogicadyuaetive

bi oavailability of R&28 (13.7 %9 and R&R42 (10.9% were conparable to

t hat of rHG\ﬁﬁEldc@l@%:hichnwapmmﬁe eheanmsdf;amparhas i frorveXgmnpia,ous

i ndependent studies, the absol ute hioavail abil HCNTE. was_f.qund, t o- be
14.2 % (n=18)pplican?. 535 qr@ﬁa)'e@[ﬁé Gakmugant é‘{h* R ha%ﬁﬁeé@wa%a{“

"Dose Proportionali

and Absol ute Bi oavai l.abil ] F e Rat
Fol l owbng SuBEat @ﬁéé@s cyatRiResFesidHenahPOSIAT %Rée\?el ngﬁ%%l x 20
| nternational Projegt No. 47 0 n | .
Dose Pr oport@gﬁlzﬁ i tépgrll'ﬁaﬂg%%%]t%sé' %'1%5 Egbl |1 ?ﬂagld%@Ha'(\aﬁgéA E‘laﬁiﬁ'tlstlgr ed
Subcut aneousl al g 0,310
Noverber . 199t TheFa AR PREFGANIAS: it .ﬂ?%é“??‘“#ﬁ*ﬁt MRS
RG&242 are no Y, f I fh erdpsiel gental error.
Efficacy and}efgkﬂq {;)!/@Eéklac?tﬁn nég)ﬁ%%torbﬁlgp@rl nments, denervation of the
col eus nuscle resulted in a loss of 40% of nuscle wet weight 56 11 February
- 2004 WO 01/12810 PCT/ US00/ 20432 by 7 days. This value is very accurate and
reproduci ble, since it
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varies. by only 3% anong i'ndependent experinents. Daily admnistration of
rHCNTF resulted in a dose-dependent rescue of nuscle lWkebFehmagy?004t an ED50
0.12 ng/ kg and a maxi mal effect at 5 0.3 ng/kg (Figure 11). At the sane
time, even VAGMIPBIABNI mal s continued to gain weight during ®¢CEUSOINER Of

t hese experinments, they clearly did not gain as nmuch 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
conducted in parallel with rHCNTF, it was determ ned that the 63QR
substitution resulted in a 2-fold increase in potency in vivo (Figure 11)
but, al so, com I } b et i Jd R
contrast, s&g‘%qmﬂ %F%B%ﬁ" raF@ég?%@&ggﬁ?ﬁ%éggﬁqéigzcﬁrﬁ K%?L%Z%négi fi%ﬂﬁons,
15 shows a Ziferf PitGivghread dnpialstratipn tut Ratseatd®8 pokigcity relative to
rHCNTF. Finally, R&42 produced a 2.8 fold increased potency and an 2.4
fold decreased toxicity relative to rHCNTF. These results are sunmarized
in Tald e 3. Alermadokinietie t her apebempoundiex (T.l1.) for each of these 20
conpounds weasaGphsterat ed as the fHONTF of tR@24I er r |RGRAS'EDS0 val ues,
normal i zed to that of rHCNTF. WM le the T.4. of R&28 is equal to that of
rHCNTF, the T.1. of R&97 and R&42 is 2.5 and 6.8 fold superior to that
of rHCNTF, respectively. Therefore, R&97 and RG&42 have superi or ’
phar macol ogi cal 25 properties than r HCNTF ';\%le is of great relevance to
the clini calCodnalaYi on where detf®ased bodh 'laﬁht i s observed upon rHCNTF
treatnent in humans. 57 11 February 2004 WO 01/12810 PCT/ US00/ 20432 ' One

skilIB@ in the art will recogni ze-that other alterations in

AUC,_.(ng:min/mi) 20,230 22,890 55,800
o. (min-1) 0.0492 0.08586 0.041
ty 0 (MIN) 14 8 17 .

15
B (min-1) 0.0106 0.0200 0.0176
typp (MiN) 65 35 39
Varea (MIZkg) 470 220 - 204

20

Cly (ml/min/kg) 4.9 4.4 3.6

*RG228 values normalized to a 100 pg/kg i.v_‘. dose to be comparable to the
other two compounds that were administered at 100 png/kg.
25 Cy: Estimated by extrapolation of the first two plasma concentrations to
' time zero.
NC: Not calculated

59



t he am no acid sequence of CNTF can result in a biologically active

mol ecul e whi ch may have enhanced properties. For exanplefeipayi208ht has
prepared a 17CS nutant which has a serine residue in 5 place of the
cysteine r ®Q a8k position 17 and is biologically activ&CTASpVMBaNt has
al so prepared a biologically active quadruple nutant,

17CA, [err] C13, 63QR, 64WA. Further CNTF mutants, all of which retain

bi ol ogi cal activity, are set forth in Table 4. 58 11 February 2004 5 10 15
20 WD 01/ 12 R | 8 anBarapaber s
o P %&5 ZogT g@&?&@ abdRingtid Pat¥RERIE IGFMORTR KRG

ter I ntravenous Administration to Rats at
100 pi g/ kg-Aﬁba@mg{@mnsm@nmmd}rﬂ@mm@m&@eterrHcr\rrF ni21 C.
(ng/ i) 7262, 175 NC AUCO." (ngmin/m )20, 23022, 89055, 800 a

(mn-')0.04920. 08560. 041 t112" (min)14817 13 (min-')0.01060. 02000. 0176
t112p (mn) 653539 Varea (m/kg) 4 CIT (mM/mn/kg)4.94.-43. 6 *R&228
val ues norngﬁ FRECAN 93 100 [err?ﬁ?‘%é%g

to b arable to the

Parameter Fl‘&ﬁ% ﬁG‘éQgp o
n
Cmax  (ng/mi) 18 - 32 50

10 - Tpax (Min) 30-45 30-45 60
AUC,_.(ng-min/mi) 2,425 4,980 7,620
Absolute

15 Bioavailability 6.0 _ 10.9 13.7
ke (min-t) 0.0133 0.0083 NC
t1/oke (MiN) 52 82 NC

20 _
k, (min-1) 0.0401 0.0180 0.0102

: tyjoka (MiN) 17 39 . 68

25 NC: Not calculated.
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ot her two conpounds that were adm nistered at 100 g/kg. 25 CO Estinmated by
extrapol ation of the first two plasma concentrations tb! Feiruery2804. NC. Not
cal cul ated 59 11 February 2004 WD 01/12810 PCT/ US00/ 20432 Table 2. Average
Phar macoki N PE128HY anet ers for rHCONTF, R&28 and R&242 Af PEFSIH2MBANeous
Adm nistration to Rats at 200 g/ kg 5Phar macoki neti ¢ Conpound R&42R&228

Par amet err HCNTF n221 Cmax (ng/m ) 183250 10Tmax (m n) 30-4530- 4560

AUCO. eQ(ngnmi n/ m ) 2, 4254, 9807, 620 15Absol ute 6.010.913.7 Bioavailability ke
(mn-")0.01 3pks; k ¥4)) ek@ic( mdex ). 4ONTF B3@0. 0102
t1l/2ka (m nﬁgg‘g ggﬁgdylz\lofogg gulggtggg%%g’ 11 February 2004 5 WD 01/12810

Derivatives

Compound  EDsg TD,s  Therapeutic Index Relative

Therapeutic

5 ‘ (mg/kg)  (mgrkg) (TDos/EDsgq) Index
(HCNTF  0.12 0.087 072 1.0
10 RG228 0.065  0.047 0.72 1.0
' RG297  0.045  0.080 1.78 25
RG242  0.043 0.21 4.88 6.8
15
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PCT/ USO0/ 20432 Table 3. Efficacy, Toxicity and Therapeutic | ndex of rHCNTF
and Derivatives Conpound EDferr] TD[err] Therapeutic 1hbeumei200dve

Ther apeuti c gng/ kg) (mg/kg) (TD[err]/EDerr]) Index
----------- WOOI28I0 - - oo PCT/US00/20432

r HCNTFO. 120. 0870. 721. 0 10R&280. 0650. 0470. 721. 0 R&970. 0450. 0801. 782. 5
RG2420. 0430. 214.886.8 15 61 11 February 2004 WO 01/ 12810 PCT/ US00/ 20432
Table 4 - Biological activity of rHCNTF variants on E8 chick ciliary
neurons. Potency units (1/EC[err]) are shown relative to human CNTF which
is assigned a value of 100. One potency unit is defined as the 5 reciprocal
li gand concepgppt ison Blvhiamlt AetivametbiCHgIF atartantisv ony EGashickngilidry
rHCNTF. CNTF POTENCY rat 500.0 10 hunman 100.0 17CS 100.0 63QA 87.0 15
63QN 100. 0 6R&htonsS FERERcYLunAS/ECL,) 860RNOO) gelative to human CNTF

which is assigned a value of 100. One potency unit is defined as the

5 reciprocal ligand concentration showing the same biological activity
as 1 ng/mi rHCNTF.

CNTF POTENCY
rat 500.0
10 human 100.0
17CS | 100.0
63QA 87.0
15 63QN 100.0
63QH 2.5
63QE <1
63QK - 1.1
63QR 400.0
20
84WA , 2.0
63QRE64WA 9.0
63QRB4WF 250.0
63QRE4WH 25.0
25 83QRB4WQ 10.0
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20 64WA 2.0 63QR64VWA 9.0 63QR64VW 250.0 63QR64VWH 25.0 25 63QR64WQ 10.0

62 11 February 2004 WD 01/12810 PCT/US00/ 20432 Exanpl elTFelppaiycd€d of CNTF
and variants in ani mal nodels of Huntington's disease Background 5
d ut amat e r YO nedi at ed excitotoxicity has been hypot heBCEES0020433] ay a
rol e in numerous neurodegenerative di seases, including Huntington disease
and notor neuron disease (DiFiglia, M 1990, Trends Neurosci. 13:286-289;
"Rot hstein, et al., 1995, J. hburochenl 65: 643-651). The predom nant

neur opat hol gl CE| I 2 ur %th:a@( WiSQasmints In"anhimd models

degeneratio I'C, striatal outpui neurons,
wi t hout subéﬂhnﬂiﬁl_ﬁﬁﬁgﬂiﬁiigﬁﬁﬁﬁgaI interneurons (Al bin, et at., 19809,
Trends Neurosci. 12:366-375; Harrington, et al., 1991, J. Neuropathol.
Exp. Neural._ 50:309). The preferential |oss of striatal output neurons
observed in Eégi@ﬁ%ﬂﬁbton di sease, and the resulting dyskinesia, are

aoon 5. i no i Een8 BB R IR e Y e PERF
1990, T
oo fgf”Hﬁ;n'/ﬁch%g@recg 15: Gl 28 Con{d”' Mﬁe&ﬁ?ﬁ%r@ﬁe@eﬁémtvé REABES

inue to rely on acute |esion nodels

for investi ﬁlﬁcl%dm Oﬁ Tnkf"ﬁ Foh RA8BRsY Rnd Theter assiren atisease niDIFiglaf, WD |

i nvol ves produ eXCItOtOXIC | esion of the rat striatum
1990, Trends Neurosc:. 13:286-289; Rothstein, et al., 1985, J.

Neurochem. 65:643-651). The predominant neuropathological feature

10 of Huntington disease is a massive degeneration of the medium-
sized, GABAergic, striatal output neurons, without substantial loss
of striatal interneurons (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

somaltostatin and neuropeptide Y as their neurotransmitters. Most
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using a glutamate agoni st of the NVDA-receptor class. In such |[|esion
paradi gnms, injection of the neurotoxin directly into theFeBuany2084um
results in loss of the nmediumsized intrinsic striatal neurons which
utilize gathA0HHSHbbutyric acid (GABA) as their neur ot ranSaWwusen/20452t h.
relative preservation of the two classes of striatal interneurons which
utilize either acetylcholine or somatostatin and neuropeptide Y as their
neurotransmtters. Most 63 11 February 2004 WO 01/ 12810 PCT/ US00/ 20432

recent studies have relied upon intr i +Lakect f I nok & by C:
aci d, which fgg@ﬂ@ ﬁb‘cﬁ%& Hf"ggt Fﬁ’llﬁcf yl?ﬁ(é%rgﬁu Sélnt%glcé% eé@é}néﬁé gﬂ{h@ﬁ@cHD
striatum Figuer p t MNedes 129 naarahte Sof

i nj ected quinol'i ﬁﬁ@c&if&%@ﬁ@)@ rinr%{S(g f?ﬁgﬂﬂ{yr FSP{J?T] in gtlgl?l t%%#%tas and 2-4
mont hs post hesiHen Srigh@ked the relative patterns of survival for the
various different types of striatal projection neurons' and interneurons
as well as the stﬁigahaédeicammnsf ebeals (1994 hExi. f Neueoit 128137-a6al
projection areas. The perikarya of all projection neuron 10 ty

(strid opal lingatedsquiralinicgasid, (@AJ, Jnta 4ne- ehiaipeduifc Ac) _ra%grseéldm%l
borikarya. (MenthaaosiesREe csplaear Bre aiaive vt ierth i syhilel BF the
tri atoni I ing tQ be.t.h -\l 3, I nat i f
ol abal TS SRR ehipas, of nBFiaial MRIpaiSH L LS i g ©
that striat ggg%%gggﬂgfl&safwéﬁ DEC Sthed ShfifalSBHErKAE FEAATHT Rl adiffAehian

¥
di.d striat striatonigral ers. The apparent order of
_vulner abi | i té’tri%?élle?fﬁ dttbn tdYensSt Urie apBARaB/P] GiCkiloprojedtions neaudbar their
' p

efferent fiber xuses and the invulnerability observed in this study of
chol ingr gi c ¥Rdsnt GytAcdopatiida, ssiridtanigl handobsteiatecentopaniuncular)
were more vulnerable than the cholinergic interneurons. Among
projection neuron perikarya, there was evidence of differential
vulnerability, with striatonigral neurons appearing to be the most
vulnerable. Examination of immunolabeled striatalifibers 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 efferent 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). Aithough the
behaviorél 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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I n anot her ani mal nodel, system c adm nistration of 3- nitropropionic acid
(3-NP) | eads to neuropathol ogi cal changes sinilar to thossuaryeR0sn

Hunti ngton's di sease (HD). Although the behavioral hypoactivity seen in
these ani mY@%H12%ers from the 25 observed hyperactivity i RCHIE00/20432
excitotoxic nodels of HD, 3-NP is considered by sone to provide a better
nodel of juvenile onset and advanced HD. The neuropat hol ogi cal effects of
3-NP include loss of intrinsic striatal cholinergic neurons, but sone

[ f l.e 4 .11 F RS04 &ChE
;S)gglrlt Pgeone&%,S%'h%%aﬁggﬁ{a%e@%hﬂgg%%%ﬂrg@ contégﬁgﬁsg neur ons,

and glial iphihdin®id e Rerd, oagangial dhfiltratRas, (BaBlarigarRet. aBul 1995,
365: 49-56) . B%Pgér@%%\%b been rel at |gvel y few studies wth 3-NP-as a

neur ot oxi ¢ EEH Rés.HBU!Il 3B5:40tH6uI nEherariver ibieieny reRtivelnifaw studies

expl ored. Recent studies have bequn to exp]o the rel ationshi et.ween
exci t ot oxi ¢ witth B-NFRras tehenawoko¥e Fﬂlﬂﬂqln@{ i*{'ﬁi n l{shéagk%t '!%?%Eﬁgfr.‘ftﬁﬁ&

injection of quinolinic acid in mce induces increased inmunoreactivity
for H8nti ngtremain ko e&pErBAng neurons but not 10 in glial cells. This

I ncrease i s apparent i.n _bot.h neuron 1. | | iQr in
the white nat ltogr %%%éf@'ﬁﬁtﬁﬁvéx@@@ﬁoﬂ% ?QBL al ﬁgrgm‘%ﬂ*uéshlﬁu%??ﬁ%ﬁn
may be involved i.n the . Chdt | HeSehd iaes® . neurons
Tatter, ot &XCtogYE ?N&ﬁfﬁé)@%ﬁ’ﬁé) gfa fﬁ*l@é@%éﬁ b nrsgman initial

| ncrease betggepail iHLéL“‘EE)rﬁ dt glindildie BBNA ineveibe irablicesdnicreasedt t ern
up o

honol ogous to a gro neuron-specifi c genes. Decreased mRNA | evels

after 24 h deRensreatedty et Bundhgtinais csopei oamaining: nesPRat Byt pyot

- neur odegener.at on or gliosis. The 1h and 24 ht mRNA lhe\l{tglu?ogetilr %réﬂl %oé%’éw

that {115 t riangtial mslisn Thief mosaasal isy appasent &3 R
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 deélined in a pattern homologous to a group of
neuron-specific genes. Decreased mRBNA levels gfter 24 h
demonstrated that glial transcription is nol activated by
neurodegeneration or gliosis. The th and 24 h mRNA jevels strongly
suggest that IT15 transcription preferentially localizes 1o

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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20 degenerating neurons. Carlock et al., 1995 Neuroreport 6:1121- 1124,
Excitotoxic injury to the striatumalso minics certainlbferuery 288pect s of
cell death_seen in HD brain (Beat et al., 1986, Nature 321:168-171). In
the neostr i8¢ 8111 i ndividual's with HD, patterns 25 of di stRGTURONBHM3
TUNEL- positive neurons and glia were rem ni scent of those seen in
apoptotic cell death during normal devel opnent of the nervous systeny in
the sane areas, nonrandom DNA fragmentation was detected occasionally.

Fol | owi ng eﬁﬁlﬁrgt X hPTal Lsfratuner YnROA4c\OBMARTIN APGTAGISRIENER2 i nj ury
of the rat st tum I nternucl eosomal DNA fragnmentation (evidence of

apopt 0si s) Weviderere af apopiosisnwasitseeraiad eanty rimeointeDieds f andniandamon
(evidence of necrosis) at later tinme, points. In addition, EM detected
necrotic prddNAedragmesnthtion s(I@VI@emQQIer‘n@eDFp%Sl Rl 28T oihE@ PRIRIS: TiRus,

i M D R
njur &0 br arte epahear By 1hs, Adtosopiyld 1 Mol R A Stglonic
The Tdt - medi af 6d, dHIG Ok Ot I, M &imERE bpBBtothy dntMddrotiteqltdaiasings dieen

I nvestigated i'n prel imnary studies of a variety of pathol ogic conditions

of the humnngﬁ?dﬁhi(aeath ;abyom%urtmqumm@ou@yamm;m individea kilyison' s
. di sease, Parkinson' s-Alzheifrer's conplex, nmultisystem atrophy,

~striatoni gr atelfedanettad |m)totm|c3any|umjure;ﬁ drain.15(pgess et @sl'eai 825, J.
significant and consistent labeling with this nethod. Thomas et al., 1995,
Exper i ment al Niewostiegyel 3%: 2@’!?523757) c-fos expressi on increases soon

o1 et Ovels hbsendngy Torediated a0TRbRHR WA didt 18befifg' (TUNEL)' o
technique has been investigated in preliminary studies 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
method. 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 striatum

20 and is maximal at 24 h after injection. These results demonstrate
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
quinalinic 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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postinjection. DNA fragnentation, however, is limted to striatum20 and is
maxi mal at 24 h after injection. These results denonst#hfebrugre2088nsitivity
of in situ pnick translation for the detection of regional neuropathol ogy
and i1l ust r4PPEHE%t enporal and spatial relationship of c-REEUSSeEERSI on
to excitotoxic neuronal death (Dure et al., 1995, Exp. Neurol. 133;207-214
). 25 Excitotoxic |esions have al so been used to expl ore possible

t herapeutic avenues in HD. Excitotoxic striatal |esions induced by

quinol i ni ¢ agiha@ FBARLIGR" diNGABIRIGR dierans, ifaaguicrnsutsiibwing t est
or n

for neuroprotective actions erve growth factor (NGF) on 66 11 February
2004 WO 01/ 12§40 iRET /4t 0lediei3 2( 180 iratal). c ity dntriasthatil QdB8%er gi ¢ neur ons
in adult rats followng quinolinic acid lesion (150 nnol). Daily

i ntrastriat ahdiN@hstradionnifer rané owetlr ironeasedktheangelidan expressiarulefr

expression of choline acetyltransferase nes g three tines above
control 5 | eokdlineracetyransigrane Mepseaoef ﬁ&%‘ Ekﬁ%%s MES: 3RAXCe r”g i on

to control Jevels. |In contrast to the tect] t n | gi.c
col 15 ONGE ¢ ledgmand Fasiosac: Bl Puriaaee hes qoeasere! ¢uE % Pfedgh ts
decrease in ecafbo S Dvd e &s bRUSholifkrhRe al
gl utamat e degéﬁﬁggjé\z%g'mgrge%%éﬁéglv%eﬁﬁggg} ng 10 GABAgrgi C ngulrorl;% whi ch
degenerate i NN EE! B Aofne '® Adlenuats PG qEinotinNCRaciBtntuceld al .
(1993, J. Neg?%%’uwg@%g&?z - 3?§i?err% anted fibrobl a(g‘?s secreting NGF into
qui nol i ni c- agkgrdRR MNefut@hatd rdedaaboxyipey messdngbatRiAeienglant diusy of
NGF-secreting fibroblasts placed 15 within the corpus call osumreduced the
maxi mum cr os striwtal | gutdmaieedeiarnosyiaseqoeessendst JAUK-6XPERIHNTi n t he
i psilateral striaturn by 80% when conpared to we effectsdof a
non- NGB- secr &ABAergipr oeLERs which degenerate in Huntington's disease are not
responsive to NGF.
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-sec(eting 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). Axokine1 (Ax1) 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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graft, and by 83% when conpared to excitotoxic |lesions in ungrafted
animals -(p < 0.003). 20 Materials- and Methods Trophit! FeRiuay 2004

Reconbi nant_ human BDNF, nerve growth factor (NGF) and NT-3, and

reconbi nantVPH SR E were prepared in E.  coli and char act eR¢HEP0RR432
described (Maisonpierre, et al., 1990, 25 Science 247: 1446-1451;

Masi akowski, et al., 1991, J. Neurochern. 57:1003-1012). Axokinel (Axl)

i s- the designation for reconbi nant hunman CNTF with the fol |l owi ng .
modi ficationg..sURsSkiat Ul ion2bP -teysiisainantihopasidsi orTHig and
argi ni ne forsa?lﬁpgmbgéLga‘#@g@et%ogegﬁm?? %8%4 WO 01/ 12810 PCT/ US00/ 20432
position 63, CaF dﬁiaﬂbponagfemmnd@j Golwititypails ateble fari aks jeamti @ wesitFat
anal og has enhanced solubility, is stable for at least a week at 37Cin
physi ol ogi ca7bOf frerphysiol@gicabi huffer, 5and| exgitits 4-Sptidngyeaten pEtGNLY
relative to native human CNTF (Panayot at -..1993. J. .5 Bihal. em
268: 19000- 19003)tro Ajsilative Thoe aetivatL BUMAN) @fﬁa@%’?%&@&fﬁ%@tm@m%gmuﬂ] ed
in strict conpliance with %Otocfé(f :gfproved by the institutional aninal
care aBd useBi@mfrhe®e 268: TPORRI t99@2k-or delivery by osnotic um A 30- gauge

osnotic punp infusion cannula and a 22-gauge gui de cannula (5.0 and 2.2 mm
| ong, respectively) were chronically inplanted side-by-side into the |left

hemi sphere (sterequimfi aapedineshes AR Hnitalprécédumisiviere tondctec>gmme;

incisor bar 3.3 mhtwoerow tfie rnteraural line) in 250-300 g, nmale,
Spr ague- Dawl %Yriélato%rHEﬁﬁhcéeQﬂm hb@tetolsy drpssreved7 Mynghieg nstituitional
pentobarbital (35 ng/kg) anesthesia. Thirty days later, the rats

| animal care and use committee.

10
Trophic_factor delivery by osmotic pump. A 30-gahge osmotic
pump infusion cannula and a 22-gauge guide capnuia (5.0 and 2.2 mm
‘fong, respectively) were chronically implanted side-by-side into the
left hemisphere (stereotaxic coordinates AP 0.7, ML 3.2 reiative to
15 bregma; incisor bar 3.3 mm below the interaural line) in 250-300 ¢

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 (iwo-
~ week capacity at a delivery rate of 0.5 ui/hr), containing 0.1 M

20 phosphate buffered saline (PBS) (pH 7.4), or PBS solutions of
recombinant human NGF (0.9 mg/mi), human BDNF (1 mg/mi}, human
"NT-3 (1 mg/ml), rat CNTF (0.78 mg/ml), or Ax1 (0.4 mg/mt) was
connected by plastic tubing to the infusion cannuia and implanted
subcutaneously (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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were agai n anesthetized and an Al zet osnotic m ni punp 2002 Stwo- week
capacity at a delivery rate of 0.5 [err]l/hr), containlhigetaryKlon
phosphat e buffered saline (PBS) (pH 7.4), or PBS solutions of reconbinant
human NGF (P 8VH8M%i ), hunan BDNF (1 ng/m ), human NT-3 ( PCHJIS/0432 at
CNTF (0.78 mg/m ), or AxlI (0.4 ng/m ) was connected by plastic tubing to
the infusion cannula and i nplanted subcutaneously (Anderson, et al., 1995,
J. Conmp. Neurol. 357:296 25 317). Due to the dead volune of the infusion
cannuia and Jii dechie irfteAdtvittal YelivRiry Obk ORTE cné@ekripinbowdw brain
began about day after punp inplantation. Neurotrophins maintained in

osmoti ¢ punpgerified B¢ framuldHstosheerieat cstpiirgngl ywf ssadtiens akordéer mi ned by
bi oassay, 68 11 February 2004 WO 01/12810 PCT/ US00/ 20432 and effective
i ntrastri at apprepiriate yfaatort Kanderaast,rephkilnsi R Jvérompedieyrol. 357:296-

(Andorson. GUTEL. Thoes,on foodaySNalies) PUBEr BORRIPN, HISHNGH 2R duraliy s
ft i mpl antation, anesthetized.rats . i yed. i nj '
aui nol8 ni ¢ ASRENED HRONSHOR O pdepats 2ot B Fnfdl 52 ', BbBRAR, o)
qui nol ni ¢ 6 0 O ISt | , tOVET
gange bi IR 07 5 ol T8 indfee) PrphonTfie bR Kanhaf Weifiota

28- gauge bl fac del'i Very by dal I njection.
A 22-gauge Qgikh( ; i opg) eCBIUMiitividy meddrnNted into
the left hemjrj(:)sg‘ﬁere nggﬁg@cﬁlm%i nat%s P 0.5, i:I\;ﬁl_}i 3.0) of

anesthetized rats, as described above. Beginning | week |ater,
anesthetized rats received a daily intrastriatal injection of Axl1 (0.4 g
in 1 1[err]l, oveTrodficriatoesielvenyeb il onhe Ay @2igavgrngridesi ng
a Hamlton 15 syringe. Axl was jnjected faqr ? con eCth'\ze dgxs P%iore and 1
day HOter iogriulaon2.DfMiuilapo) iwas aeh@nialleH §ne'r#ée’f% 8s'®fescri bed
above. hemisphere (stereotaxic coordinates AP 0.5, ML 8.0) of anesthetized
rats, as described above. Beginning 1 week later, anesthetized rats
received a daily intrastriatal injection of Ax1 (0.4 pg in 1 pl, 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 perfusion-fixed

20 in 4% paraformaldehyde were collected 8 or 9 days after the
quinolinic acid injection, and cut in the corona! 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

69



Hi stol ogi cal Procedures and Anal ysis. Brains perfusion-fixed 228 In 4%

par af or mal dehyde were collected 8 or 9 days after the HuFerRSV&Mi2E0%ci d

i nj ection, ﬁ cut in the coronal plane into forty- mcron thick sections'
that were ﬁ K& th thionin. In each experinent, a seriRGI/$J002043% 12

Ni ssi-stained sections was evaluated by an investigator unaware of
treatnment conditions, and the relative 25 | oss of nediumsized striatal
neurons was rated on the following scale: 0 (no neuron loss), 1 (clear but

sl'ight neur gRidcpep). In daguienpierarqiaronl mss) apBeGsed eindefmediaie totalo
neuron loss), 4 (total |oss of mediumsized neurons within the fjeld of
t he qui nol i riritedaj ch GRIfl seBeer batwe200henbVO 1¢!0888D FUTFeBSHES2@48mned.

injection). In cases where neuron | oss appeared interpedjate o two
criteria, aMauforsdose Swraéemathweﬁw%ﬂlggﬁgt'ng@@ﬁé@%\%é@ ¥stWhed. Neuron

I ' d.,jnd dent Ly b T '
e exper | nedilerers Apsanda - SxaBrEerss b ERNY SERGTHTRSOFRIEC |
th 40 of 4 . i fif 1 C 20815 AT ianl N th
exper inent el S eBFnh Sl ouf R Y, A2l BSIRS ncur ons

in sections é@é&‘ﬁﬁi&ﬁ:ﬁ’@.é'o?éitﬁﬁgﬁ?q the infusion cannula. For each

section, neufons were count I ntersected 10 every vertical line of a

10 x 10 sanpling g ik @R InEME UsHRY EONTH, alalronOlobsx alsol was envallirdted he
treated striatum The first field was |ocated slightly lateral to the

cénter of theysdgursingnneironkein camtiansotaken yhb calm gidsieali # dhgcindusigduced
lesion (i.e. imediately rostral to the tip of the infu ion_rﬁannul a),. The
six other fiehnsulaer A easheaeetiony NesFERg WEEYGPUNEd: g tniersacte

once LAch | nevAD VABIE) IRerd Sadd EntoveHTPONY: Shd PR el Prsh S Sont r o
for fields, 0.4 x 0.4 mm,'within the treated striatum. The first field
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 t;eated 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 agreemeht with the results of the neuron l'oss 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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possi bl e variation in section thickness, seven fields in_equival ent

| ocations were sanpled in the contral ateral striatum (hbpPBuen08fy 20 600
neurons couy G('ﬂ/lﬁ’zﬁﬁ 7 fields), and neuron survival was expressed as a
percentage of neurons on-the treated side relative to the P@VHR284%8e. The
results of actual neuron counts (31 and 61% neuron | oss for CNTF- and
PBS-treated groups, respectively) showed close agreenent with the results
of the neuron | oss scoring system 25 (nean neuron | oss scores of 1.67 and
3. 25, respecti vel piffermcess betwed nbexpeynessiad ngeospy séisd ( Bpsiarnespechive
correlation coefficient=0.82, p<0.05). 70 11 February 2004 WO 01/12810
PCT/ US00/ 20482ntliot fgnosipse yajet wyvatuairge byntnpairegr éugst.and their respective
control groups were evaluated by unpaired t-test. Results 5 In a series of
experinments, quinolinic acid (50 nnol) was injected into the left striatum
of adult ratES qi 4 days after the start of intrastriatal infusion of
neur ot r ophi c " by osnotic punp (nom nal delivery rates: human NGF,

10. 8 [grr] g/ day; o] . ) ; F | ay).

Thi s dgse of qui nw{?{gc&%lzaocfi éxﬁgnﬁ’oexrﬁ%' %oug'l'rr@ |[8n§§?dz sprn?oa{fa‘ilaé%ut put
neurons, whi flectaShid Uhg puerstiidiaml onl ddiitriaéas oeus afiays vafted ghges (he
striatal popdlations of cholinergic interneurons and parval bum n/ GABAer gi ¢

i nt er neur ons skangel vintrgeiktdQinfugibnabf , né98&ropRizerfactor aby Nesmaltiogy
115: 200- 211; Fi gueredo-Cardenas, et al., 1994, Exp. Neurol. 129:37_15 56).

M croscope apairysi(soofinal delivetyaraies: segnanMNGF: oif-Brugiday; Juimas: BENF 9
Spari g of i Gifrei 4260 StG/AavalrahdoNGhs §. BOKAY). T, dore ef. Sl
bral n? 0( Fg. alc3| 'isI Togie ?gdHeiu‘?G%l-s?z%td %ftriata! output neurons, which
constitute over 90% of all striatal neurons, yet 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. 129:37- |
156 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 gréater
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 (+ SEM) of 69 = 17 and 29 + 11%, respectively
25 (unpaired t-test, (5)=2.12, p=0.04), or as assessed by assignment of
semi-quantitative neuron loss scores (Fig. 158). Surviving neurons in
CNTF-treated brains were disseminated throughout the striatal area

affected by the quinolinic acid injection.
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experinments, no neuron sparing was apparent when quinoljpi,c ac 20 was

I njected 7 days after the start of BDNF or NGF infusi OH p‘f’q{ugrtyr%%%ng
contrast, neuron survival was significantly greater in rats treated with
CNTF conpar¥@ 0a28%ts treated with vehicle alone (Fig. 14)pCHEHuswenenrn ned
by neuron counts that denonstrated a mean percent survival ( SEM of 69
17 and 29 11 % respectively 25 (unpaired t-test, t(5)=2.12, p=0.04), or
as assessed by assignnent of sem -quantitative neuron |oss scores (Fig.

15) . Surviving ne@‘ﬂ%ﬁeﬁ%é%ﬁﬁée@ﬁg& lare%(gﬁst\ag{g%l @&sgﬂﬁ-,ﬂg%%i@gﬁpughout

the striatal area gur nolini c aci njection

February 200@&@%@% REFdUStEd Ai8@ & psippepdé agnNTEdIrecepiorct

denonstrat ed , a simlar experinent was conducted using a

pol ypepti de GybnistecaRbRIne AgqAixst) (2%pki As dbeéxvdd 4itdr) adhsinidisatiordof
after admnistration of CNTF, infusion of Ax-1 (4.8 g/day) resulted in

si gni fi cant GNTFngnSusibnmedi Ay &i(Zed stiday) aresidiachis sigpdfieant: eparing
quinolinic acid (Figure 15). This result supports the, cq_nql usi,on that CNTF
recept 6r- nedfamasivechizad wiriatalePEURRHY XRGILG0s AHINRIKIC naeido g

NVDA t or- redi.gt.ed jtotoxicity. Th | f CNTF
or A 1 nas. dah eVt LEat I RPIh A rro SeUSIIE RhRt SENTFORSAEY: or or

heal t h, i ndi : ; I | : ' d
at the end ofteOREH; mediafEE FiieR S1aMeI B iR, MELEGAS TRREE O
Ax- 1 treat Mgt ANPaEEBtbitnicfibled TBRCBRIXIBRYY Wei ghts ( SEM of the
trophic factor-treated and the vehicle-treated groups in the ONTF 15

~experinent were 36fhe J@wroprdtciiive biegt ofeINTE i oelAX-1(was acligved mean
body weights in the Ax-1 experinment were 431 26 g and 453 14 g,
respedtd vel y,withoat @pparent adverse effects on behavior or health, -as 'indicated,
for example, by body weight. Body weights measured at the end of
the experiments were not significantly affected by CNTF or Ax-1
treatment (unpaired t-test). The mean body weights (x SEM) of the
trophic factor-treated and the vehicle-treated groups in the CNTF
15 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 determine
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 injecfed into the striatum 3 days thereafter (Fig
16A). In the second experiment, rats received a daily intrastriatal
injection of Ax-1 (0.4 ug/day) or vehicle for 3 days before and 1 day

after intrastriatal- injection of quinolinic acid (Fig. 16B); thus these
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Two additional experinents were perfornmed to determ ne whet her the
neuroprotective effect of CNTF receptor |igands might 100eRERRi20P4 a5+t er
term nation of neurotrophic factor adm nistration, and whether treatnent is
effective wheni/eshower dose of trophic factor is deliver e@d’;ﬁgg@ﬁm‘mently
In the first experinent, rats were infused intrastriatally wwth Ax-1

g/ day) or-vehicle for 3 days and then delivery was term nated by rem)val
of the osnotic punp. 25 Quinolinic acid was injected into the striatum 3
days thereafter (Fig 16A). In the second experi mantb@'tr ats received a daily
i ntrastriat aats iregeecom tahofioply 4.8/gAXdr ViEhibeth exneringlls bef ore

d1d f | f d 16B
thus these ?rzttq%s'g&'%é??éh?@éf’s‘p% MY SBisiEd RARDS) Satiss Sﬁéqﬁsgr cooived a
total of only t f

N sal - ot ai netioBiteahinSpazinshedt mefiPEiSAE! Suiatdl ShERFSRE AOANS-e O |
striatal ”gﬁﬁg&%d‘ grﬁﬂslthétfﬁ%fsegom raslet wtsaﬁmgmw@ CNFPabi ng

seen when 1 werein continuously for the duration of the

experigrent  AFiQui&rel Ghiudd$ Catsitimuibushy Niee trwerd 9ot dfhthereaxperimentt he
striatum are nedium 10 sized, GABAergic, striatonigral and striatopallidal
projection (Rgumsi &) aybi eI A.M, 1990, TINS 13:244-254), the present
results show that treatment with CNTF or a ONTF recept or .agoni st protects
striatal output neurons against excitotoxic insult. Thus, CNTF is one of
the first purified trophlc factors denonstrated to protect striatal 15

out put neuro Dnhar macol ogi cal application in an adult animal nodel
of Huntington di sgase. Anmon r I: s eat ment
with basic fibrobPle &&Mﬁo?%gﬁomehggﬁg@ﬁﬁ i Siaftfn o lediLif

10 sized, GABAergic, striatonigral and striatopallidal projection

neurons {Graybiel, A.M., 1990, TINS 13:244-254), the present results
show that treatment with CNTF or a CNTF receptor agonist protects
striatal output neurons against excitotoxic insult. Thus, CNTF is one
of the first purified trophic factors demonstrated to protect striatgi
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
reported 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 Fiow 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., 1892,

Neurosci. Lett. 140:161-164; Venero, et al., 1994, Neuroscience
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reported to dimnish the size of a striatal |esion induc b I njection of

N- et hyl - D-aspartate (NMDA) or malonic acid in adult 2 ) g‘%ﬁ“%@@ﬂﬁ%al rats
(Nozaki, et al., 1993, J. Cereb. Blood Flow Metab. 13:221-228; Kirschner,
et al., 1999 od128uereb. Blood Fl ow Metab. 15:619-623). Al tﬂlﬁ(‘;‘ﬂsﬁm 432
NGF-secreting fibroblasts inplanted near the striatum have been shown to
protect nmediumsized striatal neurons fromaquinolinic acid in r rats (Frim
et al., 1993, NeuroReport A:367 2 5 370; Emerich, et al., 1994, Exp.

Neurol . 130:141-150), we obtained no survival-pronoting effect 38 t hese
neurons wit B H@57E26d; Kardower, &fralentfP4niRracs Nalt-afcad: 19er Wehdi es

Davi es, | ., 1992 Ne 1. L . 140: 161- = Vi ., 1994,
Neur 0so1 encel 79077 -RaBPYar Mo SRS HogHsto Bt Nsko/Sdiot s 589 ep,

Kor d , et_al,, 1994, P . | o3| - -9080). Thi
inLdiO\rA\Sr sugdggfj@tpﬁaf’f ﬁl@e—r ﬁéuﬁcﬁlqtﬂ%ﬁg@?%ro%%g g@@rNo T ﬁgp%tin opr Z)t ect : zn
provi ded by (Fr3ScCt WG did PhBRIGYEY S onlerdh dinal MY Pargeobagfig that the

| ar ge, darkly stal hi ng, presumably cholinergic internéurons were nore

prom negnt i tr ' EVhBIpleXiro8ponesd tidng eronsinedlt.
‘ 1992,PBaNeuroé;g?\lﬁﬁgétgeé%:g?%%&?ﬁég[dovver, et al., 1994, Prﬁ. Nat | .

Acad. Sci. [HSN@E:987{eP®BainsPea® priricusly, raportdd ,(Desdas, etral.].1992,
Neurosci. 6:706-711). Striatal expression of the hi ?h-affi nity NGF
receptor, 1O0N@ukescii LeatbstaOet@t-itd; cikordoweyi et iaht e 9 &troc Nallnihrad.,

el oct| ve acoPbrl/on AAFSBR/GRER REFHNEVATTRr Bty Oyt o NEr8Sel
et Lo N el BB R RESHEIPRRERY NeE AL,
0400 PR P s ] Bl B (S, gt al.
1993, Brain Res. £12:330-335), consistent with the finding of a
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
surinal 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 (Lindholm, et al., 1993, Eur. J. Neurosci.
5:1455-1484: Shimohama, et al., 1993, Neurosci. Lett. 164:55-58;
Cheng, et al., 1994, Brain Res. 840:56-67). Nevertheless, 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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striatal output neurons in vitro (M zuno, et al., 1994 Vi Bi él 0

165: 243- 256; Ventimglia, et al., 1995, Eur. J. Neurosﬁz?e.’ dvild gvér, t hese
neur ot r ophi ns can protect certain neuron populations from 20 gl utanate
toxicity i Rye/bt/1281 Li ndholm et al., 1993, Eur. J. NeuroscCipern®odidnss 1464;
Shi nohama, et al., 1993, Neurosci. Lett. 164:55-58; Cheng, et al., 1994,
Brain Res. 640:56-67). Nevertheless, infusion of BDNF or NT-3 does not
appear to protect striatal output neurons against NVDA receptor-nedi ated
excitotoxicity in vivo, although 25 intracerebral infusion of BDNFE or NT-3
at conpar abldHidpsmses| incnesiropr yipsur(etirtel oyHgNRPCE@MRats CPRGHe %8t ri at um

d el sewh [ h br ai Li . l,. . 19 | Wl 82= Th
Cont rast | ng careballes), et GEBRTFE vy e eValopmsas slepBson e oatdins, neo
by 74 11 Feb 2004 01/12810,, PCT, [.20 ' i
t);pe (stri gtéﬁmyshi% Eé?r'ﬁﬁﬁ Lo éfgrg?ggcgCéﬁ@gﬁé%&ﬂ?}fg@gﬁ%ggnI n

t he devel op B&?li SR’ e of the neurons (adult vs. enbryonic), or the
presence ofr\‘g afat rgic synaptic input in vivo. 5 The neuroprotective

ef fect. di spl ayed He%}g dfeetiie |diganddisprayed dsprCNmFougbeptiaretigandsi on
on rreaEf um si zed strratal Heurons, since there is abundant expression of
mMRNA for  conpeRericeuef tHrbaghCFECt eactinrorort ONEERI@rsizedL sHRtEY reugisB0) in
the striatum (I'p, et al., 1993, Neuron 10:89-102; Rudge, et al., 1%94,

Eur. J. Neursisch. {Heré9R hOundant axpressicdl OioomWAsieE ¢RTGRPNEARLS Ricthe

alteration of the expression or function of glutamte.receptor her eby
nodi fyi ng nENTR reseptor (ONTEBog L&kt 9[%38) ﬂ%lsiﬁ'?wp@?' éh ‘hcement
of the neuron's capacity to regulate the cyt oigéi C on(‘:Jer&ratiom &t 3
cal ci um i on, 1883j i¢eewse 10n89HIR: Rudgro@§ral-+ 6984 EULr iy iNGHroRinE-683-

i 161 E)i " t%s?.eurﬁglt%%%g rr%teic\ﬁgn srn?%eﬁﬁg(ﬂ%md% aferafidRBot NRr on
expression or function of glutamate receptors, thereby modifying
neuron sensitivity to glutamatergic stimulation, or enhancement of
the neuron’s capacity to regulate the cytosolic conceniration 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).A The possibility 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 could 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 (DiFiglia, M., 1990, Trends Neurosci. 13:286-

25 289: Buisson, et al., 1991, Neurosci. Lett. 1381:257-259) indicating
that the combined actions of exogenous toxin and endogenous
neurotransmitters are required to induce cell death. Thus, a

reduction in synaptic transmission at either glutamatergic or
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antagoni st to bl ock quinolinic acid toxicity is unlik

not block the toxic effects of glutamate in vitro (Mattson, et al., 1995,
J. Neur ochso 08fsi/40- 1751). 20 On the ot her hand, CNTF regefnfttoatdsgands
could potentially act indirectly, via other conponents of the striatum
For exanple, elimnation of nigral or cortical input to the striatum prior
to exposure to quinolinic acid results in a significant reduction in the

289, Bui SsoioRAMeroicl ynanasty eeuld kel ProSsorall Falians T Atk
th nbi ned tt
are roqui 1 cniegtiRnatcou BT R TiARnGREn PAGREPRS ad BSChbRARNY s

transm ssion trag thequém@r@i\ﬂ{#?& lﬂrw@g ]rﬂ lé'i uargy 2 0Q4uNA 9b-88810

PCT/ US00/ 20 synapses woul y protect striafal neurons

froman in 'bgst%gg{% "gb! Biera g ﬁﬁi\i'i*imiaéjaéﬁdrreeﬁiméiﬁs Afrnor mal |y

express dete n VIvo ( Neuron 10:
102), @astrog rf?FF @ﬁeﬁiacmtme@omﬁmiﬁovwmru a@tlaiat ed
by braﬁn |njélu"1ft§’sdc§§8 ﬁls%%aﬁnﬁéu |vr¥hV|tro (Rudge, et at. 1 94 Eur. J.

Neurosci . 6:6984 7¢%r. JFUNEOESSDIr &: egetTw)ereEuHherdmmvemraﬁereNm appears
to activate astrocytes 10-48 hours after exposure, as jndicated by

i ncreased cogekréryobf gCNATF fappeatsaty activite apHocyies aHerd @qmafter

(Levison, et al., 1995, Soc. Neurosci. Abst, 10.21:497; Wn
- 1995, Proc. Mwsurﬁhaas Elﬂlcat@sh@z Bt ash GteRhoh el i el dticc

~indirectly or directl ast.rocy o rvival

t hrough enhaPtgins 5§r’él ﬁ‘ e visQR; th%r;q%'ngogcilg yﬁrb%ltﬂease of

substapces that, rofdtter GUAP 995, Proc. Natl. Acad. Sci. USA 92:5865-
5869). Whether activated indirectly or directly by CNTF, astrocytes

1: 623-634). The possibility that CNTF acts as a gluta rece
gﬁ/E i’?ﬁfgb%F does

might promote neuron survival through enhanced sequestration of
excitatory amino acids or by release of substances that protect
neuroné.

15 The striatal neuron populations protected from excitotoxic
damage by CNTF receptor-mediated events in the present study are
the same types selectively fost in Huntington disease (Albin, et al.,
1989, Trends Neurosci. 12: 366-375). A potential link between
excitotoxic stimulation and increased expression of the Huntington

20 disease gene has recently been suggested (Carlock, et al., 1995,
NeuroReport 5_:1121-1'124; Tatter, et al., 1995, NeuroReport 6:1125-
1128). While extensive studies are in progress to identity 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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15 The striatal neuron popul ati ons protected from exci H)E:Oéi c nage by
CNTF receptor-nedi ated events in the present study are fees,) types
selectively lost in Huntington disease (Al bin, et at., 1989, Trends
Neurosci . 5R0036£1875). A potential |ink between excitotoxi@rgidoylsati on
and increased expression of the Huntington 20 di sease gene has recently
been suggested (Carl ock, et at., 1995, NeuroReport 6:1121-1124; Tatter, et
at., 1995, NeuroReport 6:1125- 1129). Wil e extensive studies are in

progress to identify the nmechanjsns whjich | ead_to Hyntington di sease,
exi st ing || EXAMPUE 8zREGYlatian ofAXoKiRe.PYAEINr NVDA
receptor-nediated 25 excitotoxicity (DiFiglia, M, 1990, Trends Neurosci.
13:286-289). 76 11 February 2004 WO 01/ 12810 EXAMPLE 8: PEGyl ati on of

Axoki ne Protein P%éﬁ?‘%%ﬁ%fy&%%' ﬁh@soﬁeéﬁ gﬁgﬁ,ﬁ: 0s iRéfe : Qhéno%ﬁ;‘@’.‘r‘??t ,

I ncrease their in Vv pote y enhancli ng st Ity an | oaval

while mni mghfihey IHPERIEREIRG Ystabllity Sakdopfodvailaliliyy prhper mirimifin

certain proteins “cann be nodul ated by attachnment of polyethyl ene glyco

(PEG 5pol yneagmundgediicityicr ¢adssknbwnhyitatodye apiopastiesnef ofettain proteins
and thereby slows its clearance by kidney filtration. gSee. eYa. O ark,
R, et al., tasehe mosuEtedchynatiaghmeni ggopoyeirylengs ghewm TEGener at ed

M 15 Ve hapslvne, dupiTbRBareasas hECBIRBIN AT Rodol JF 6 Gepdraidn
oot PECHheh g Thug! i u0BahR) WRER fhation] “pabere SCRMeY
e ek pePe g ol SRR, EiLa IR e, med chvares
enhangg the Bhepaild FEQYIABEEAXOKRIE T8y BYvetehiy . 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 betier solubility and
stability properties, at physiological pH, than unPEGylated Ax-13.

15 PEGyiation 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 0.8 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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Purified Ax-13 derived fromE. coli was used for these studies. 0OkD

MPEG SPA was obt ai ned from Shearwater Pol yners, Bicine'l OeLh"r’%ng ma, and
Tris-A@ ycine precast gels from Novex, CA. A small scale reaction study was
set up to debver/misae reaction conditions. 20kD nPEG SPA wassdgegbesisyi t h
purified Ax-13 at a final concentration of 0.6 ng/m, at 4Cin an

am ne-free buffer at a pHof 8.1. Mdlar ratios of PEGto protein were
varied and two reaction 25 tinmes were used. The reaction was stopped by the

addition of a rimary amne in | arge excess,, Re .0 r ts

an?I yde by ?a*\ﬁ%ém%}/%b@t!ﬂﬂé.er THE %i%??{er\gﬂ{?’ %éd’lbf |Q‘eS ﬁ'gfgggjiiegf%ei " a
nmol ecul ar of... appr kD, . Hi | _
February Z%Q%\/@“ﬂ)‘g’/'1%@1g§é@bﬁ£§8%%@§2aEla% sEﬁgﬁrg{Fat aﬁi gher4nolaescul ar
wei ght s V\BI‘%}.@S% seen. Based on this study, an overnight reaction at a

PEG to-protein ratio of 4 was chosen. Ax-13 at 0.6 ng/nL was reacted with

20 kD nPEG SPA i mgL1 3 aBige6 neghtl f wasoreoteghwitht 28 GEitmBREEH SPASINLA The
reaction was stopped by the addition of a pri mar1y am ne in |arge excess.
The rmpacti @icMobigiemesediight atl 4K lataa Il ofaBtT.bufRerreasdioBpPiaSed to an

I on- exchange columm. The colum was washed wi th a |ow salt buff and
el uted with stonped byadiceadditiongebd SRR iaﬁ?inﬁeir\@!geh%ﬁﬁs‘lgm?der
o R sosiraay ARl Bt PG G SR e
band of unmodrr 9008 3B ot T £ R s S e & e he
e o GBI\ & g epasm pupbod Sepeoronetiibnengnyy
excl usfon . chyRiEH AsHeP MppBFEAt MWt >66kD on SDS-PAGE), a distinct modified
species that ran at about 60kD and unmodified Ax-13 was obtained.
Fractions corresponding to the 80kD 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 resulis
15 were not influencéd 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
B80kD band. The purified modified Ax-13 was tested in a Bicassay and
the results were indistinguishable from those obtained with the

20 material prior to SEC.

EXAMPLE 9: Construction of Ax-15 Expression Plasmid

pRGE43

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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resulted in baseline separation between unnodified Ax- éﬁ nd t% 60kD
band. The purified nodified Ax-13 was tested in a Bioa 5@’ Pﬁe results
wer e indistinguishable fromthose obtained with the 20 nmateri aI prior to
SEC. EXAMPWED Di/128onstructi on of Ax-15 Expression Plasm d plegakdossd he
expression plasmd pRG532 is a high copy plasmd that encodes anpicillin
resi stance and the gene for human CNTF- C17A B3R, [err] Cl3 (al so referred
to herein as either Axl1 or Ax-13) wth a unique Eag | restriction enzyne
recognition sequence 3'_to the 78 11 Fequ;gry 20? 1/ 1281&21.

PCT/ USOO 20430P S0si9Nsoddlis DIASEIG Wasi upashio Fo8gIst G human CNMTRunan onTF

187" bp_ BscR MUBHAN HHA7PrQBASis Ha (e HeEa R Y hovAR s oifERseH e

Bsch | ”‘;’ft{e[cﬁﬁél%ﬁ@pi Bs5h A@ag\tcﬁﬁﬁ%ﬂ%%a heGTporaids the "REAES 11° .

GCGTCAECCGCCCGACCACCCTCATTACCCAGTCTGT %C@AAT 3')} encodes the
C-termnus drutatiomx- Thegan®renar g Gto- followed by two stop codons

and an Eag 1 restriction enz me recognition 10 sequence. S Jra nt
vas_digest cOGAGA TR GCAG E&@TGA%&CT Treu fiedenind Berl e AR

pRG632. The resulting pla &5?639 encodes the gene for Ax-15 (human
CNTF C17A, QB8R dciBjmer th 1&0@5 ation was then transferred as a 339 bp

i gh 15 copyB h@me&f‘é”E”t@é%@é&*@%ﬁ@?ﬁ@ﬁé%@ﬁ?@%%@%ﬁl’ ]
encodes | he G orNRCTSTUIAUS O ECAIEH e Soing, & iies raldwdd
by two stop codons and an Eag | restriction enzyme recognition
10 sequence. This DNA fragment was digested with BseR | and Eag | and
ligated into the same sites in pRGE32. The resuliing p!ésmid,
pRG639, encodes the gene for Ax-15 (human CNTF C17A,Q63R,AC15).

The AC15 mutation was then transferred as a 338 bp Hind llI-Eag |
DNA fragment into the corresponding sites within pRG421, a high

15 copy number expression plasmid encoding the gene for kanamycin
resistance and human CNTF C17A,Q63R,AC13. The resuiting plasmid,

pRG643, encodes the gene for Ax-15 under transcriptional control of

the lacUV5 promoter, and confers kanamycin resistance. The Ax-156

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 cells were harvested by

centrifugation, resuspended in 20 mM Tris-HCI, pH 8.3, 5 mM EDTA, 1
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the | acUV5 pronoter, and confers kanamycin resistance. Tﬂg} A%Hég gene DNA
sequence was confirnmed by sequence analysis. 20 ExavPLE u P4 Scal e
Expression and Purification of Ax-15 protein E. coli strain RFJ141

cont ai ni ng WREEBB1Mas grown in LB 25 nmedi um and expr essi on RIT/#$08/26i3pr ot ei n
was induced by the addition of lactose to 1% (wv). Induced cells were
harvested by centrifugation, resuspended in 20 M Tris-HCl, pH 8.3, 5 mM
EDTA, 1 79 11 February 2004 WO 01/12810 PCTI USOQ 20432 mM DTT, and |ysed by

h h =0 b k!
Cont 11 fuged UHICHTTe G MR PRsSRen tpuet? e EePeh pIESSUREICEIE®™ S0 Tan

Tris-HC, p 05 I willd eeptrifvgeld andhtboeseidt s@&sT™
Tris-HC, p:j(gf)g@ @SIO. 0 nM('FéEHD Aéé(ﬂ%ffer A) ffg]gl owed by di gl ysi s agai nst

Buf fer A Th’ésugbrﬁﬁd%itiﬁ gag boadrinom-¢iG, G0 ephhiToseHED) pirh 8eguDl0Brated
e

with Buffer A -15 protein was eluted by a linear gradient to 1 M
"Nad in 10 qpMIBEDTVAI ihvees ddtitadiivith .5 molumeesr 88nTW nl gkl B & e

AT B 4 o s b ) SRSB4 B e

(N 2601 | riiBOreREe WESTIRAGRS chiniCnds iaERLAToSg (o bt Py, it

decr easi ng (REEFS i LBREART T AronThERr oY By o MR et 100t Mei n

U trari 1t atNas a0 B et et onat od on an Sephasry

~S-100 col unmyep8lttiddiba amd brotigh® toM NaR®HH,)pB(B, Dy the slow addition of

10 solid (NH4),SO, while maintaining the pH at 8.3 by the addition of
NaOH. The pool was lcaded onto a phenyl-sepharose column
equilibrated with 1 M (NH4),804 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
concentréted pool was fractionated on an Sephacryl S-100 column

equilibrated with 5 mM NaPO,, pH 8.3.

20 EXAMPLE 11: Larage 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 (pRGB643)
.25 was grown to an intermediate density of 30-35 AUgsq (Absorbance @
550 nM) in a minimal salts, giucose medium containing 20 pg/mi
Kanamycin. Expression of Ax-15 protein was induced by addition of

PTG (isopropyl thiogalactoside) to 1.0 mM and the fermentation
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20 EXAMPLE 11: Large Scal e Expression and Purification 1”1‘: éﬁ rotein A
reconbi nant, kanamycin resistant E. Coil strain RFJ141 ‘?PFW%@ Pfg t he

Ax- 15 protei n under |l ac pronoter, control (pRG643) 25 was grown to an

i nt er nedi atw® diensiot y of 30-35 AUS50 (Absorbance @ 550 nM pcwusesreoasial
salts, glucose nediumcontaining 20 g/m Kananycin. Expression of Ax-15
protein was induced by addition of |PTG (isopropyl thiogalactoside) to 1.0
nmv and the fernmentation 80 11 February 2004 WO 01/ 12810 PCT/ US40/ 20432 was
continued for an additionpal pr ot eA

|hncl usi 03 bdbﬁlil%ﬁiolnélﬂll@@ ¥ IaFBTGddeQR"gISQ Al podf: M‘?a i"? Wsa dglxﬁge%/\ée?d;l ubte
mM T

harvest et g indilibR SARERNS oS AHERETETEX HRLBRAN! 0 paR M T 5.

(mico) hol | ?[\rﬁ"gﬁﬁétgcgri d%fe?%mb‘ﬁ{%t nQivedtREC daf pwitedicencehiated, lamd usiider

bodi es were harvesteéd cells by disruption via repeated

passage of (‘é;@hgﬁ el th @@)mmfﬂnspasm enBUBIaNS. 0 rmivh EDibA, aHc®S: ViaudGsT T | ow,
hi gh pressure g 000 psi) N ro Soavi honogeni zer. The honpbgenate was

subj egted DG goomqnpmﬂgeswtemgtwwutaoéfodmwcq)l B@)lOWorftbﬁfucﬂjéflﬂF%thl gh
speed (>17,000 x G Sharples centrifu gsourc%dto rec ver {:I u5|tﬁ

bodi es. Recd@dTenbnhalsigies hbis-ss gsieRt Paeiasy Wefegh eﬁ/ﬁe%éﬂﬁbl & HoL

o Tr 5O r?iées%e@%slf&yﬁié?éfﬁbmﬂ‘é%%d' Benicth s foleloeg © >0
s T RS o AR e o 5
S S ST i b By st
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
i5 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 pm hollow fiber filter (ACG Technologies, Inc.) prior

to chromatographic purification.

20
EXAMPLE 12: Column Chromatogra‘phic Purification of
Refolded Ax-15
The fiitered Ax-15 solution described above was loaded onto a
25 16.4 L DEAE Sepharose (Pharmacia) 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
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20 EXAMPLE 12: Col umm Chr omat ographic Purification of ngtg)l %%%Qéi 15 The
filtered Ax-15 solution descri bed above was | oaded ont% Nl ) L DEAE

Sepharose (Pharmacia) colum at 10.9 ng/m resin and washed with 50 -L of
50 mM Tris, WPH1428308. 3, 1.0 nM DTT, and 0.05 nM EDTA buf f epCT/Tbm/2043215
protein was eluted fromthe colum with a 120 M NaCl step in the same Tris
buffer. Eluate exceeding a 81 11 February 2004 WO 01/12810 PCT/ US00/ 20432
previ ously established 280 nM absorbance criteria of 40% nmaxi rum A280 on

t he ascendin Lon 200 Y t i
descendi ng ng‘%‘ﬁéﬁé@f e?&@‘%@%%?%l%%% eit ﬁu?&@%ﬁ@egw?r@%mﬁngooq
or used in tb‘%\%gqgﬁ 115 e ceindifg gutiohi sfatHeo pepkoard 2@% Of PFomkiatumal Afggl

Ax- 15 protein s adjusted to 1.0 M anmoni um sul fate by gradual addition of
the solid cogpothed demgientiigipgtioheoipthe ategk et poolewk: and wither siesed
filtered through a 0.22 , p.m Sartorious capsuléf filter, |gaded ontp a

12.5 L phenyfro2eph4r3RCH®r( PRadniacig nexs| step & Bex BURTCATIOBT Proc8dHreand
washed with 55 L of 1.

0 M 10 ammpni,umsul fate.in 50 ra\/eris buffer with
0.05 nfl EDTAPOsie@. eluted AXHE Psaialy wagadiusteddh Jit (M 8B BN oni um
| ' h Tri ffer. th - j j
oM amon umsclfafa R, OrpRudh Adlirofag Be SoRLRCThEURS, Shatheaining tnd bEP

Ing previou

est abl i shed Og, IV SO n |1 & 0 HTHM 1D 0Ssamdrivus
ascendi ng po%?i%‘@l\%?ﬁt hihgegéltgw&* %%7? fgger%gxfﬁn%’%%o onﬁ%ﬁe descendi ng
portion of ”&apgagek i@y, Rosded orffbuat ©26ak phenyl Sepbavssy P! (Rarmadid)nt o
50 MM Tris, p .0-8.3 buffer wthout salt to reduce its conductivity.

. Pool ed mat er igllumRs as e e dmighot et (es3OCrndr washed withh&5f bl bdidMst ep.
Pool ed hydr ophobi c

10 ammonium sulfate in 50 mM Tris buffer with 0.05 mM EDTA, pH 8.0-

8.3. Foliowing a 12.0 L wash with 250 mM ammonium sulfate in the
same Tris buifer, the Ax-15 protein was eluted with a 125 mM
ammonium sulfate, Tris buffer wash step. E.Iuate exceeding
previously established 280 nM absorbance criteria of 100% maximum

15 A,go on the ascending portion of the peak and 20% of maximum Agao.
on the descending portion of the peak was pooled. Eluate was
simultaneously diluted 1:4 into 50 mM Tris, pH 8.0-8.3 buifer
without salt to reduce its conductivity. Pooled material was stored
frozen (-300°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, Inc.).
The pH was adjusted to 7.0-7.2 immediately prier 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/m! of resin and washed with a minimum of 256 L of

- 5.0 mM sodium phosphate buffer, pH 7.0. The Ax-15 protein was
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20 interaction chromatography (HHC) material was concep{)lg%; ed :}Q 5L and
diafiltered versus 5.0 nM sodi um phosphate buffer pH 8.0- rgary P g a 5,000
mvco AGT hol low fiber filter (ACG Technologies, Inc.). The pH was adjusted
to 7.0-7.2weowedisat ely prior to sulfyl propyl fast flow ( SR¥i300sephar ose
chr omat ogr aphy by gradual addition of 25 concentrated (85% phosphoric
acid. The pH adjusted pooled material was | oaded onto a 7.7 L SP FF
sepharose (Pharmacia) colum to 9.0 ng/m of resin and washed with a

Drotein was Zéfg%ep‘ifwm?z%%%ie%?‘oﬁﬁis i eBbeoBaie Eaoah NasP,
77.0 L A0 i ; . .

ol vate wae Sl S Adus TP EaEl BEGRA8 SmAtEidDlsy dilutel & o 40, 0T1M
9.0-9.2 buffsgéeqj%%/s@%ﬂeﬁﬁw 819 o Witdt 8alt idaegase pH Peak

mat eri al exc raxi mum A280 on the ascendi ng portion of the peak

and 20% of t fenduEivifiu Bl #creaskhsHde Reaidimgtepial t éxceadingh20Yeak was
pool ed. Pooled Ax-15 protein was stored frozen (-30C) or used in the
fol | owsng stepxiroeh ed,SP ofFtise @saendingipottiorpradtibenpeal and 285kt ofathel and
diafiltered versus 5.0 nmM sodi um phosphate, pH 1QQ§ .0-8.3 buffer with a
5,000 maco AGRXIBLIMWARh&N the dgsCeABHg ?@6@?\'& giNBs PERKWRS RARIEMo o
(24.66 g) was concentrated to X5.0 L centrat i.afi. L Ax- 15
protein was PERRH Axtld Progein gaﬁ@@rﬁﬁw ?(ﬁoaq)gﬁ’ |Lé%é(§|'§ﬁ98 col um
and eluted w th 2 . [ h bufdfer, pH
8.0-8.3. Pea 'Gﬂé«@& g?‘%% E@@L%%f%ﬁ"é&i%@%%%ﬁ?ﬁ ?ﬁg gfsac?gndi ng
portion of t %iafi L8 2 f{M OSodifugn iteg giqrtion
of the peak B%ggﬁggfﬁ%’ﬁe&%g%@ Xn%*ﬁ% Bsrot ein was fi Whr oﬁt}gh
MIlipak 0.820m4ihtiges @A 3t 6/G0H ahwdRDIEHr hotiowo fitiespltier nAGE
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 Apgy on the ascending portion of the peak
and 40% of the maximum Ayge on the descending portion of the peak
was pooled. The pooled Ax-15 protein was filtered through Miilipak
0.22 um filters and stored at -80°C prior 1o dispensing or
formulation. The amino acid sequence of Ax-15 produced folows.
20 Alternatively, one could produce a sequence which contains a

Methionine residue before the initial Alanine.

25
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formul ati on. The am no acid sequence of Ax-15 produced
Al ternatively,

|, ows
one coul d produce a sequence which contgkﬁé)ﬁ @Qpﬁlonlne
resi due before the initial

Al anine. 25 83 11 February 2004 5 WD 01/12810
PCT/ US00/ 28%39/8% 29 39 49 S APTEHSPLT PHRRDLASRS | W ARKIBRIVWSWAFESYVK

HQGLNKNI NL DSADGWPVAS 69 79 89 9,9 109 119 TDRWSELTEA ERLCQENLQAY
RTFHVLLARL LEDQQVHFTP TEGDFHQAI H TLLLQVAAFA 10 129 139 149 159 169 179 * *
ook ok ok ok k% % % YQ EELM LL EYKS3: PRNEAD GWPI NVCDGG LFEKKLWGELK VLCELSCMWV
RSI HDLRFI S * SHQTG Met ionine} 10 20 30 40 50 60 * * * * * * * x *x %
MAFTEHSPLT PHRRDLASRS' | WLARKI RSD. LTALTESYVK HQGLNKNI NLDSADGWPVAS 70 80 90
100 110 120 TDRWBELTEA ERLQENLQAY RTFHVLLARL LEDQQVHFTP TEGDFHQAI H

TLLLQVAAFA 130 140 150 160 110 180 YQ EELM LL EYKI QRNEAD GVPI NVGDGG
LFEKKLWALK VLQELSQMYV RSI HDLRFI S * SHQTG 84 11 February 2004

5
9 ;
* * * 12 * 22 « 3% * 4% * 52
APTEHSPLT PHRRDLASRS IWLARKIRSD LTALTESYVK HQGLNKNINL DSADGMPVAS
69 79 89 99 109 119
L 3 * * * * * * * « * * -«
TDRWSELTEA ERLQENLQOAY RTFHVLLARL LEDQQVHFTP TEGDFHQAIH TLLLOQVAAFA
10 . 122 . 132 N 149 . 159 169 . 179
YQIEELMILL EYKIPRNEAD GMPINVGDGG LFEKKLWGLK VLQELSQWTV RSIHDLRFIS
*
SHQTG
Methionine*
10 20 30 40 50 60
* * * * * * * * * * * *
MAPTEHSPLT PHRRDLASRS IWLARKIRSD. LTALTESYVK HQGLNKNINL -DSADGMPVAS
70 80 90 100 110 120
* * * * * * * *

* * *

TDRWSELTEA ERLQENLQAY RTFHVLLARL LEDQQVHFTP TEGDFHQAIH TLLLQVAAFA

130 140 150 160 170 180
* * * * * * * * * * *

-+
YOIEELMILL EYKIPRNEAD GMPINVGDGG LFEKKLWGLK VLQELSQWTV RSIHDLRFIS
L3

SHQTG
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WO 01112810 EXAMPLE 13: Use of Ax-15 to treat obesity 1C1‘I_l'/ usoo/ égﬁlSZ Ani mal
nodels Normal mice 5 Normal (8weeks) C57BL/6J m ce were P%Wr? from
Taconic. The mce received daily subcutaneous injections of vehicle or
Ax-15. The"QRVHEIYS were weighed daily and food intake ove®CIAISYRH32 was
determ ned between days 3 and 4. ob/ob mce 1 0 As a result of a single
gene nutation on chronosone 6, ob/ob mce produce a truncated,
non-functi onal gene product (Leptin). These m ce are hyperphagic,

hyperi nsul | neglem ARG ARLKANLYE GPgRR-16%BYPdaediobstige vere obtained from
Jackson Laboratory— and uséd Tor experinents at 12- weeks of age. The

m ce received 15 daily subcutaneous injection of vehicle, Ax-15, or

| eptin. Pair-fed group was given the average anount (g) of food consuned by
animal s treansdawvntdddls 15 (0.3 ng/ kg). Body weights were obtained daily
and food intake over 24-hours was determ ned between days 3 and 4. On day
8, the animals welNer&@dmMiG&ed and carcass anal ysis was 20 perfor med.

S e O S B ST RIS R g T
A Rough horengies IMARRETALN] b ReBEaGE | Biebionelore Emidecky keors

genotype is gﬂﬁ! %ﬁﬁ@t@ m@e@ »(J;ggqr?é‘d V@éige%"daifm_iﬁfam et spn-Haher aley y

and put on % Tt at ; search Diets) at age 10-12 weeks
old. Al 85 ddtdratinudriyetdh days 3 and 4. :

ob/ob mice

10 As a 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 (D!O) 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 obtéined from Jackson Laboratory and put on

a high fat diet (45% fat; Research Diets) at age 10-12 weeks old. All
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WO 01/ 12810 PCTI USOQO 20432 experinments conmenced after ﬁéﬁ-@zﬁ&h' gh fat
diet. The mce received daily subcutaneous injection of I Ax-15, or

Leptin. Pay roup was given the average anmount (Q) of f ood consuned
by ani mal s t{)gi/?gégwth Ax-15 (0.1 ng/kg). The ani mals wer FEPINEHI25
daily and food intake over 24-hours was determ ned between days 3 and 4.
On day 8, the animals were sacrificed and sera were obtained for insulin
and corticosterone neasurenments. Reagents 10 Reconbi nant human Ax- 15 was
manuf act ur ecb)é}ﬁeraﬁénfsambmmlemdaaﬁetebtwaemsamlhmgrmafaecmét ont Re &mize

Systens. Results Normal mce 15 Ax-15 reduced body wei I n nqr m ce
in a dose desesied daihisetocutangousyieetien L ¥ehicieo xé@pr%& i-r%qté'[‘y 4%

11% and 16% of their bod ght_at 0.1 d 1

et el oPaiigth gt wamidnyce suermasterdout 0B Boribled B By o,

(figure 18) SAMES lsdied é@%@émlm 3 FhFanviRls QV%‘S%@@%%
duct t f

(03 o oy CeRpan! T4 i8R By %@%%H%U?ﬁm%g FORAAE Rl e R,

25 dose of AxpdH, sgageagﬂQgtﬁ@%zwlgkﬁe:@sbbﬁﬂ@edranrd/ seraswend oistaiied

reduction. Leptin was al 50 effective in decreasing body wei ght in ob/ob

mce. At 1 mkpsullrerdnd detticrstetohodyneasiugbned®si n 7 days, 86 11
February 2004 WO 01/12810 -

Reagents
10 Recombinant human Ax-15 was manufactured as set forth above and

Leptin was purchased from R & D Systems.

Results

Normal mice

15 Ax-15 reduced bbdy weight in normal mice in a dose dependent
manner. |n 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 retatéd (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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PCT/ US00/ 20432 follow ng a course al nost identical to Apid given
at 0.1 ng/kg (figure 18). Carcass anal ysis showed thaH?%%@é vvag;ka

si gni fi cantyologgsgyi on of total body fat with Ax-15 and Le%‘jfﬂu%‘{‘]ﬁ%t ment s
as 5 well as in pair-fed controls (Table 5). There was a s n-

significant |loss of lean mass in all groups as conpared to vehicle control
animals. Mce receiving only food restriction (pair-fed) had a fat/lean
mass ratio no different fromvehicle controls, indicating that they | ost
fat and | eanfoikesingn@aldourseloakmest idémticed- i thadl a0 Axep6i givereated. hini mal s
showed preferential |oss of body fat as reflected by a decrease in

fat/| ean masén@/kgi 4figwe®l €85). DI O nmice Ax-15 reduced body weight in DO

m ce dose dependent e,ani mal s | ost. approxi mtely

ly. Wthin. one week, .t r
14% 26% and 33008556 PRE W‘%o@@%égmaqmm{egi% aoigaRany 1 my/ kg,
0.3 ng/ kg, ang: 0/ kg, S I vel v Fi gur A ef.f.ects of
the Ax- 15 t?ggy&‘rjéﬁl? éﬁ&oﬁﬁegg@i&r Y&egmﬁ.gr{'t%gﬁlg zjia%?drral'[ ) ﬁ&é‘%nﬁmé}gtsaa;sm”
but signific if terence, he t ggpup ogast i ngmkhabyt FRf{-eased
f ood i%?ake &V/;és“ %rso&gmpl?%g %Wrrgirsy,t}%tﬁtehg ghﬂr?g? t he 20 on}ég,bgtause of
wei ght | oss wighifid¥nd Jos$ et 1@t - mbegdeiedall Ayrdups sigmiompargd Yo avéisictat ed
the obesity asSociated hyperinsulinema in DI O mce, whereas nerely
reduci ng f oocdtantaikenimalg.- f dtipedreceiving OFilguico@oRpirictiomdgiait-ted) dads
did not cause elevation of corticosterone |evels, ich is a commopn effect
of food rest @ datltean 2mags gatie rep)differents fiam; NEBIESt COBLIRS ¢ IRAGAtIRGEN

o2 bt T8 oot 185N oA SE8 FAREE i AR B0
177) 1Td] s 87Le1p]tin':eipéé‘(%rdy Z#1%his showed preferential loss of body fat as
reflected by a decrease in fat/lean mass ratio (Table 5).
DBlO 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/Kkg, reépectivefy (Figure 19). Comparing the effects of the Ax-
15 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 wéight 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 elevation of -
corlicosterone 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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WO 01/12810 PCT/ US00/ 20432 hi gher sensitivity of diet e aninmal s
to Ax-15 suggests that adiposity nmay regulate the eff?ﬂg%:@g%fy(}%g& such

t hat Ax- 15 weighhagipt cause conti nuous wei ght | oss after ad'f’?ﬁ‘b
normalized. DIOmce are leptin resistant; no weight |oss egc[%ﬁnlo‘§32

observed in these animals with daily injection of leptin (1 ng/kg; Figure
19). W conclude as follows: 1. Ax-15 caused weight loss in normal mice in
a dose dependent manner. 10 2. Ax-15 induced weight loss in ob/ob mce in
a dose depehigier aanaéwntymoi1anqtenn!uagﬂkgpewgs anemels det iAve18s suggeishs (1

lt”?éi??mh?sca it Retpostini ﬁéﬁsréé‘@fﬂié"l i fe?/acgéo(g &¥-18, Shenoliiat Ax-15,e:
dose dependel heRtsEnGoas Es WeIGBT Rer pler; SHBSRIVT 4 Sodndlidde. " °

attenuat ed obesi Ly @s5ogkabed R rosuldMe i, WBigh Qosd effedt e ! ect

was not observed fed co troI ani mal s. addi t1 on was nore

effectsve '“onQHféd‘QnW%'zQéE ARsalsn wRrO 20 m:ﬂ@cﬂbﬂnoﬂqemh Q1 Af/RY; ni ce.

Taken together, our results suggest a speC|f|c useful application o " Ax- 15
in the treat Fﬁgureoﬁgl)eptl n resistant obesity, such as type Il diabetes
associ ated obesity. 4. The effectiveness of Ax-15 in reduci ng body wei ght
in leptin resistdve cancledeodsl fadloggest s t hat Ax 15 nay : aI so be

effective in 25 reduci ng body wei ght |n obese rTF % resi stant or
unr esponsi ve to Lépt iAx-1 804‘13@@64\’9% 9@%4‘“5”0"‘“3 Mics"h ¥ Gos8

dependent manner.
10 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 {ean mass.

15 ' 3. Ax-15 caused weight loss in 4diet-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 results 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
| reéistant 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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PCT/ US00/ 20432 Fat

to Ax-15 0.3 ﬁg?Ax

mgl kg

Leptln 1

-Lean mass 10 15

15 0.1 nmglkg Ax-15 0.3 nglkg Ax-15
Mean 34.77 .4.79 7.26

Results from carcass anal ysis of
g Lean nmass g Fat.

sem 1.41 0.24

O%P%)rﬁérg‘iom Pair-fed

ﬂf&%@“ﬁ?#gss

0.93 0.07 30. 22 4 38 6.9 0.59 0.13 26.77 4.03 6.64 0.66 0.08 23.29 3. 35
6.95 0.87 0.12 23 3.5 6.57 0.53 0.12 28.89 4.73 6.11 0.89 0.1 EXAMPLE

14: Pegyl ated Ax-15 Applicants have generated sever al
Ax-15 nol ecul es by covalently |inking polyethylene glycol

10

15

20

25

TableS: Results from carcass analysls of ob/ob mlce

Vehicle

. Palr-fed to Ax-15
Ax~-15 0.1 mélkg
Ax-15 0.3 magfkg
Ax-15 1 mg/kg
Ax-15 3 mg/kg

teptin 1 mg/kg

EXAMPLE 14:

0.3 myg/kg

Mean
sem

Pegylated Ax-15

Fat g

34.77
1.41
29.36
0.93
30.22
0.59
26.77
0.66
23.29
0.87
23
0.63
28.89
0.89

di fferent pegyl ated

chai ns of

Lean mass g Fat:lean mass

4,79
0.24
4.08
0.07
4.38
0.13
4.03
0.08
3.35
0.12

3.5
0.12
4.73

0.1

7.26

7.28

6.9

§.64 .

6.95

6.87

6.11

Applicants have generated several different pegylated Ax-15
molecules by covalently linking polyethylene glycol chains of
different lengths and types to Ax-15 polypeptide moiecules.

Applicants have also developed purification methodologies to

separate different pegylated forms of Ax-15 from unmodified Ax-15

molecules.
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25 different I engths and types to Ax-15 pol ypeptide no plicants
have al so devel oped purification nethodologies to sep{afg%%ﬁ%iyfzfoggent

pegyl at ed Ax-15 from unnodi fi ed Ax-15 nol ecul es. ruary
2004 WO 01%@%9 CT/ USO0/ 20432 Materials and Met hods Puri ??J&‘Wﬁ%z
derived fromE. coli (supra) was used for these studies. PEG chains of
various nol ecul ar weights functionalized 5 wth am ne-specific term nal
noi eti es were obtained from Shearwater Polyners, AL. Bicine was obtained
fromSigm, MO, and Bis-Tris precast gels were obtained from Novex, CA.

Smal | -scal e reaction studies were set-up to test various reaction
condi ti ons. Metermalsnandddethadsconditi ons were used and the fol |l owi ng were

o 5 b e Herifipg: &1 é{é?éﬁ\r}éé?frb%"&;é&?%%%ﬁréf as amet JortBedad o
e used " tHRBRsn, PR B, By gt RSP SLECRTs MARTYAaIEag™ oY
sod urg cyangpkoriIEaLEATR At GRBIEY Swebb! Wetkaed W vas used to

reduce  t he base. e reactions were stopped by 20 the addition
Tris-HCl, pHsHe&riatdrapafymieesALl Biting Wdss bbtdinesiotrohi @igat, aM@dahcom

Life Technol ogi es, Gaithersburg, MD. Typically, 50 MM Tris-HCl, pH 7.5 is
used as the BiseTHsNprecusegeiatwerne witained: horheNovex; £o4e. 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/ml to 6.0
mg/mil. |
| 2. PEG/Ax-15 protein molar ratios up to 30:1.

3. Temperature: 4°C to room temperature

15 _

Additionally, in instances 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-HCI, 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 pM 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 fow salt buffer and eluted with a NaCl

gradient ranging from 0 to 300mM NaCl in a 15mM Bicine buffer over
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25 For purification, the reaction products were typic | ]t with a
| ow salt buffer and applied to an ion-exchange col umaﬂ'ﬁ%&héﬁlzﬁgﬁ was

washed W t Ryg ok@ygalt buffer and eluted with a NaCl gradi;%%&%sgg from
0 to 300mM NaCl in a 15nM Bici ne buffer over 90 11 February

01/ 12810 PCT/ USO0/ 20432 a colum packed wth Q HP ani on exchange resin

obt ai ned from Pharnmacia, Piscataway, NJ. A good separation between

unnodi fied Ax-15 and pegyl ated forns corresponding to different nunbers of
attached PEGacbalunsn vzeckelts witre Q-HP fardesnex¢fiange resim ohteined §oBxchange

purification were concentrated and further purified by standard ..
preparative B%W-uﬁlthWm&gégr &p&p°$ﬁe§§ﬁﬁt'%§¥§WeQWﬁWBg@'%r ns

O PG A 1 el Nt RIS e O L Bl T Bt Bane R ABERL oof & 0
dom I f - . 0 i . ‘
oo et Vgl KB OB 9o bBSRBRAD O s TATRETin,

and sagpl es f | i SR8 YWSreveichcettpdtegedntly faiberpadifie@f byhe
foll ovmgﬁg St%x%ﬁ}a@@%ﬂp#@ﬁf&a‘ﬁ%n g%%r PAGE under reducing and l?lon-redugi ng

conditions EhaRdarh@rgpheative wizexsivusienc choombbograpiy . 3. InAsaigei cases| ze
excl usi on chromat ography The nunber of chains attached to each Ax-15
nol ecul e was twiontldsa fyrnas sofg Fé t Axskmpreteibavéete dprYaddiggatner nandn

A ol S OBl 2l e o 0, ol BB o200 Wiy
excl usi on ol oupHEh qansist Rreao gty “ah s TS HBRGnEReRY, T oy
systemagui th My B (Ref&aghiVer bpPestindidly 5KD PEG molecules using
2°amine Iihkages.)
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. Analytica! 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, Rl (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 and/or a UV detector. The light
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MALLS detectors in series. Light scattering is a f“”Ct‘lPﬁetS’rLa 425 and
concentration of a macronol ecule. To determ ne nol ecul ar 3 %

protein sampbelizibnj ected onto a. gel filtration colum ais@lr,ﬁg@,ﬁjsle uent
is nmonitored with an on line |light scattering detector and a refractive

i ndex and/or a UV detector. The light 91 11 February 2004 WO 01/12810

PCT/ US00/ 20432 scattering detector is a MniDawn | aser |light scattering
detector was from Watt Technol o Corporation (Santa Barbara, CA). This
i nstrunent né&atieEBgsdeteetar; hta gl{mmm%n diaseer balht Seattaringrdetesior | ine

Egﬂégﬁt e Bﬁfd%@%qﬁf Sl bRl G POt ERdTT (eBolE Bhfitard, AL This .

B CA

o b Mo ae ipitReH (ReBlLres HiBsk fight HiStiteeCRRRERE SBhRs T8 |
extinction Cﬂﬁfef F@ﬁ&&ﬁvé’flnhaﬁ BFﬂécﬂbF orT ey oML kerve stcemuasyal so used

to detect the purity and nolecular 10 wei ghts of PEG Ax-15 preparations.

The vagi ous BE&GieiX-donEBNE@aldes Vmstea LLFt Sdftivaren (Wyalt Tepthiol®gys as
foll ows. EXAMPLE 15: In vivo experinents using PEG Ax-15 to treat 15

obesi ty. AKRChrpocatitmy SantanBatvava, t CAbdssusedpio balcwateditae- prafaired
obesity by increasing body fat content. Although the. gene-. enV| ronnent
(diet) inter goncentriagionobasedppet @Ifbeuméﬁgt%kj“?@hﬁBS% af HgTrastyexindes:
dietary obesity, as in hunan obe

fol | ow ng exih mﬁﬁ%eﬂgﬁf%‘ér%h henerdinEiodroqenBiarteel hE Brating e,
t t t
dret- | nduced SHeMARL TS farhy we s REC I delthaf M By Fbdamoterniar
eXperygent s igaightd | Gd P]E@OAQ-E% preparations.
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
15 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 }egarding 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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25 Ax-15 and is just one of the many pegyl ated Ax-15 ﬁ@ gﬁoduced by
the procedures described above and tested in in vivo exper| nts

mol ecul e | svoopmspegyl ated with a 20 KD PEG 92 11 February f@ﬁﬁso\&%@%/ 12810
‘PCT/ USO0/ 20432 chain via a 2. amne |inkage. Table 6 shows a Conparison of

the In Vivo Activity of Various Pegyl ated Ax-15 Preparations. 5 10 15 PEG
Si zePEGH#! AxLi nker ActtV 5K1Am de+ SK2An de + SK3 4Ani de++ 20KAm de+++ 20K12

Am ne+++ 20K22 Anl ne+ 20K32 Amine 5 ne++ 50 Anm ne+ 4 12" Am ned+
Br anched ﬂb"a@ﬁ’é@l%@ntﬁm”ﬁ?dﬁ%ﬂe@ (I\);g%ie RNPWH &&’m@aﬂﬁms‘%ﬂh@a ratory,
Bar Har bor, ) ef t h kealf rom fat) starting
at 10 me\kgygﬁ%ﬁ& Qy %ﬁ?@i?%@la%& £ \gém %ﬁépwel gL about 30% nor e
"than lean littermates that were fed a nornal chow diet and were 25 terned

di et-i nduced obesity (DIO mice. Four groups of six DIO m ce

5 Table 6
IN VIVO ACTIVITY COMPARISONS OF VARIOUS PREPARATIONS OF
PEG-Ax-15
—— Y — ﬂ'l—-l—-—!-q—-—-J
: o
PEG Size PEGHIAX Linker Activity
' 5K 1 Amide -
10 &R 2 Amide —
5K 3.4 Amide 4
T 20K 1 Amide ey
20K 1 2°Amine 4
20K 2 2°Amine + -
20K 3 2°Amine -
50K 1 2°Amina - e
50K 2 2°Aamline +
40K~ 1 2°Amine s
15 : _Branched _ . —

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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recei ved weekly subcutaneous injections of either vehig
non- pegyl ated Ax-15 (0.7 ng/kg), or 1-20-PEG Ax-15 (0.@3€%b(rr5%§?09'%bl e 6 IN

VI VO ACTI VIWY o QRIRARI SONS OF VARI QUS PREPARATI ONS OF PEG Acthsodidossd
February 2004 WO 01/12810 PCT/ US00/ 20432 mg/ kg). During the treatnent

peri od body wei ght and 24-hour food intake nmeasurenents were recorded
daily for 13 days. Results 5 1-20-PEG Ax-15 treatnent reduced body wei ght
in DIOmce in a dose-dependent manner (Figure 21). At 0.7 kg, 1-20-PEG
Ax- 15 causethgdkgkar Duridgshei topatmerts penndr body W@d@fm‘egwdagg&w{- figod at

t he sane dose decreased body wei ght by onl % I.n addition, weight |oss
was cl osely HE?‘F%Imuf%”‘@rﬂ‘écWQé%éeiCﬁqu%d%'Tﬁ 5?5,&{&%%h t he great est

| oss of appetite observed in the high dose (0.7 ng/kg 1-20-PEG Ax-15)
treatment group (Figure 22). The duration of appetite suppression was

| ongest in tg.essﬁlﬁseat ment group as well (Figure 22). These findings
suggest that tion enhances the efficacy of Ax-15 in reducing body

wei ghtgin DI O m C%ﬁ-#’eé%ﬁ% lﬁ'E&ﬂHéﬁt ?éajucéf@tﬁ@d@ewigﬁtié?gmb PicdS ey

allow tor |ower doses and less frequent dosing reginens. npl e 16: The
use of Ax-15at dobeampardertnadriner (ﬂgem@rﬂ). Difdbef7e snd/iigl i t-A6-MEGDMx- 20
Background Non Insulin Dependent D abetes Mellitus (N DDM or Type 11
di abet es) af fi6ctausboua reamy 32% wepgitatassn where ias der-pegelated Ayl 5
el evat ed bl ood. glucose which arises prinmar i‘I% ue tP rg/si stangg, to
at the same dose decreased body weight by only 8%. In addition,
weight loss was closely 6orrelate_d to a decrease in food intake,

10 with the greatest loss of appetite observed in the high dose (0.7
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

16 . (Figure 21). Thus, pegylation of Ax-15 may allow for lower doses

and less frequent dosing regimens.

Example 16: The use of Ax-15 {o treat non-insulin

—— e e e e e ——

dependent Diabetes Mellitus (NIDDM).

20 |
Backgrour;d ‘

Non Insulin Dependent Diabetes Mellitus (NIDDM or Type Il
diabetes) affects about 5% 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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25 insulin's action in peripheral tissue. NNDDMis on common
net abol i ¢ di seases and is determ ned by bot h- environﬁggﬁgﬁmﬁg?gﬁgenetic'
factors. Am@opizsiot o uncover the nolecular identity of spegriuseobieiM
susceptibility genes has led to the identification of 94 11 February 2004
WO 01/ 12510 PCT/ US00/ 20432 several abnormalities which may contribute to
the disease in small subsets of individuals. However, the nolecul ar

identity of the genes involved in the nost .c , lLate-onset form of
NI DDM have weveral abeaorgaiiies adich mm@ﬂgggé)gs the/ dispasecd 50 he

b di ed i mal |, of h ' | K ki) ' d
al S0 exhi Ibitsuigegﬁfagﬁﬁﬁ'%%'%ﬂ)I?P%l WVt My, BE0E e
s 'Toos Brualvenl IhTAIABs Lot BT g RRLEY NI RAE el go

NI DDM thereg ds; g i shed honeostatic control of glucose netabolism
highlightedqgé ﬁﬁ%ﬁhg%gsna gl ucose levels as well as delayed gl ucose

di sappearance as ©ypBUAKSY BY/@pddbaliby enieet aterthecbest etudiad 4OIENE) .
System c adm nistration of ciliary neurotrophic factor (CNTF) is known to

reduce the aqheskt! ofi NIDDM wWihekel mige BSednshin fagiienb@nd Aisa iexhibl/ ab
mce) or the leptin receptor (db/db nice)aLCJOa%len, |. et al., 1997, Proc
Nat |~ Acad Sanygiadessemetsiglic and hargeral aPPRMEIECEoaFN A dNESSIHE a

o TSt ot o A DGR RBRLYELO g,
e LA e, S AL ). 16D B s W,
0ri ) TS UBBL i 6 € SRy Bie e pedpancasonmbeteguonste oo
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
micé) (Gloaguen, |. et al,, 1997, Proc Natl 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
gluéose 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 ihjected glucose bolus either in an insulin-dependent or insulin-
independent manner. importantly, fasting plasma glucose and insulin
levels (described in detail infra) are significantly reduced io near

normal, non-diabetic levels in mice treated with Ax-15. As there is
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suggests an inprovenent in the animal's ability to di SPPEEL R P004°

i njected glucose bolus either in an insulin-dependent or |nst|n-

i ndependentwoammzo | nportantly, fasting plasma gl ucose andpd¥sdoibssz! evel s
(described in detail infra) are significantly reduced to near normal,
non-di abetic levels in mce treated with Ax-15. As there is 95 11 February
2004 WO 01/12810 PCT/USOO/20432 a strong correlation bet ween a high fasting
seruminsulin levels and, jnsulin resis

suggest hat U980 PORSIgicN BeHAES iy #m@aﬁ@wr@du&ﬁ@n? Vesrand n
ot oce huliPl 2o RPN RinDE e‘ﬁ‘egﬁxfee%“ﬁ Bt AR e
cont rol db/ gBrhef (ARSFIdAeC: | ot k@aueﬁenmﬁsﬁsamﬁrw{jﬁ@tm@ in

suggests th restdlts 1n an 1 nprovenent in disposal of

gl ucose and fisi EgpeasrmtaeModeNi tVhete isnalgo & signitibacaredattiba in
attributed to decreased food intake and 16 consequent weight loss. At a

bi ochegi cal freeelfatty iacidtnibvelshit Akridsigatedgmaldeng/ehicle-treated casodde! of
events initiated by insulin bindin c? to its cell surface receptor, followed
by aut ophospHérgbatmien (dasgriad Vat Qiﬁ' of f’@bept or tyrosine kinases, which

result in tyrosi n% phosph ti ns e r,su tes Ss)
besenepatingn dala swadmals el 25C48) BGHTRh S o of

! L ThoSERRE i sl WG MR R

peri phery, |§n ﬁ'ﬁé?@'&) 'ﬁﬁh Lﬁpo%gur rrg N e ar cuat e nucl eus ex rg/

the insulin ‘iﬁQBl‘?ﬁ We\bﬁ?(rﬁsbb Sgg?b@& ed 8o ecredRRP foB@glntgﬁ@taﬁﬁs

+ 48: 257- 266; hvvartz ndocr Rev 20 13:387-414)
assesggent Oﬁoﬁéébjubnf nﬂrwghtsmvsm M Br Bicdtemioal lelve! ar ¢$1atrmwncirmis of

db/db animals surprisingly revealed constitutive activation of proteins,

presunabl y |R&Jltmmgnam‘mam1ves a cascadé of events initiated by insulin
biriding to its cell surface receptor, followed by autophosphorylation
and activation of receptor tyrosine kinases, which result in tyrosine
phosphorylation of insulin 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

A 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 r-estoration of normal signa!ing to the insulin signaling pathway in
this region.

Another well defined action of insulin is the binding of IRSs to

the regulatory subunit of phosphoinositidé (Pl) 3-kinase, which has
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to heterozygous litter mates (db/? ). This aberration | gd by
both Ax-15 doses tested in these experinents. and suggeisfgééigg&el@s)oration of

normal si gnA&Pi%42818 the insulin signaling pathway in this PeTyusm/204seot her
wel | defined action of insulinis the binding of IRSs to the regulatory
subunit of phosphoinositide (PlI) 3-kinase,- which has 96 11 February 2004 WO
01112810 PCT/ US00/ 20432 been shown to be necessary for many of insulin

eciions (OL USRS, shERIPRS e iRy ERHERN ot L 0GRS, ks >
IS, i ages Wilopdt SpROcyTY) nbaRILA® AFgskemAmngs), [SRebary aper
)

acts as an adagt ofoubi gh Mbnknddee PAIT5cagal)yt i Theubnny tPigckinhhses that
appropriate signalling conplex. Al of the forms of W adaptor subunit
contain SH2 dwaacugentiychnbivndte de \atisulateghby phsulin aaked theoclass bn i RS- 1,
| RS-2, and growth factor receptorsﬂéﬂzeq Shepard, 10 ihid.). Anal %si_s of
liver 6 ssue hNaterodimeric 1p@&ipdd OdisatalyiccB!3 rkinages. a ThatpPat sububit apts

o o el T ol e SRS Bl SO 8 81 s,
con (L LB B EPhErL ERE AT ol 30 R S auseapind (7).
15, o o 11 SooARH Tl ShE BaMngRnich B AR S IR
~NIDDM 20 ExpfbtifeedrRiR®-9¢ag8-25 and growth factor receptors (see Shepard,

10 ibid.). Analysis of liver tissue from Ax-15-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

i5 assessment of individual tissues suggesis 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/Ksd mice (Jackson Laboratories, Bar Harbor,
ME), aged 6-8 weeks, were housed in a room ma‘intained at 68-750C
25 with lights on for 12.hours per day. All animal procedures were

conducted in compliance with protocols approved by the Institutional
“Animal Care and Use Commitiee (IACUC). Starting at 10 weeks of

age, mice were individually housed, received standard mouse chow
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(1) Ani mal s Mal e dbl db C57BL/KsJ mice (Jackson Labor at rbor,
ME), aged 6-8 weeks, were housed in a room mai nt ai ned Q{F%%uﬁgogﬁa% vmth

i ghts on fwoolmdlmurs per day. Al animal procedures were mongsehesdsi N
conpliance with protocols approved by the Institutional Aninmal Care and
Use Commttee (1ACUC). Starting at 10 weeks of age, mce were individually
housed, received standard nouse chow 97 11 February 2004 WO 01/12810

PCT/ US00/ 20432 (Purina MIls, R chmond, IN) ad Iibitumand had free ccess
to water. " (Rirnd ddllisarRichrzongr BN pr &d (HQHUW @fick Radstfe aserRsR BIWRHKYA on

%hiéilﬁ Q?F'Fim?éeé“eafr&ﬁ%ﬁ?i@e?&'ﬁr%d PWIF g shith L‘adﬂ@ﬁﬁi ki eon a
' L N g B 5
Ani mal body )ggt-ggi.ﬁ AR RUBRACEEA0ER! | Wand, (oheaRd oadhf@k@d,s Shosi

sanpl es col | si1nto capll ary tubes or an oral

gl ucosg 1ol elaAffe (F8im ur’h‘ PrdspriBte; 0106e TvéarniGe] dur PEG B350qur s
and were tail ed ase |ne (tinme 0) neasurenments starting at

appr oxi mat el 2030: DGcriie ubszea}newmret injebted adilybateppraximately wieesame
adm ni stered 89ng D-glucose (Sigma, St. Loui's, MJ dissol ved in O\V&F@
di stilled watiere eazh2gakg wcmmaiweogwwengmwwear%@d#% dad¥gRady re

M nutes-af e?ﬁéln@%ﬁ’ﬁ%&“@ égm%:hgg? caledd #%@tvegparﬁﬁba?%ﬂ%% unt i |

(Linco Resclwess. nhancn sl icstiplasngey €5t (GG TERN Bnifple Wi ' oo

(Tonrgy J- R taffedtor 1389%8 hBh?:?eér‘?& Were&8i1°8bd 18P basehne (time 0)
measurements starting at approximately 10:00 AM.. Subsequent to
the tail bleed, animals were administered 89mg D-glucose (Sigma,
St. Louis, MQ) dissolved in 0.2ml distilled water (~2.29/kg body
we‘igrht) 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 sampling, 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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Ti ssue sanpling honogenation and i nmunopreci pitation I{»]fp%i,rg%gr@bg group of
experinents, mce were studied to examne the effect o - treatnent on
receptor sivdal/i2sgp conponents. After the indicated tines ati/ukssessf

Ax- 15 (see 25 above), liver tissue was isolated and snap frozen for
subsequent analysis. Tissue sanples (100ng) were honobgenized on ice in
Buffer A (1 % NP-40, 50 nmM Hepes pH 7.4, 150mM NaCl, 1 mM EDTA, 30mM

sodi um pyrophosphat e, 50mM Sodi um Fl uori de, 0.5nmM sodi um 98 WO 01/ 12810
PCT/ USOQ' 2043thavdrtzaiateadaigmiSapnoticips digin, i@gpentinedpeld FMSE) ndn eVsF)

and centrifuged for 10 m nutes at 14,000q. Lysate protein ( was

i nunopr eci memi%tgeﬁ/éﬂhi‘@htmmut%cﬁw1t4h08@9heﬁ-y§|a"§fP%@ﬁ?lﬂ 5??‘%) WaSht i body
Bi ot othnol odgmwRPDTadE  pieUPEIRR 1ok A0C\ B ithele Hlr BF e,
appr oxi mat el BURRACGT O SRR TeRody Badled 18 A T e by

L anda  SPadRtFosEnuEsiate OB dielhnGity, 0T s imLhopeRitated 1o

ni trocel | ul os S , CAJ""using a Trans Bl ot system (Hoeffer

Transbl ot t enyeRhayasEe @, thide - titids g8l IBUffere Ayerdsuspended én $landesd Wit h
5% BSA (for 4G10 blots) or 3% Blotto/0.5%BSA for at |east 1 hour at room

t enper at ur e [wmiiEsdmpiebatdiermant heatedrfonepproximiséely dvetinutpa ait 4oC.
Ant i bodi es used included anti 15 p(tyr) 4Gl0 (1:5000; Upstate Biofechnol ogy
b RS-HAGE

Inc); anti-|682Q. afteaptateinp8ammesy VEekg seapived| iy Stapd
| mmunghi stochernigi-ry Animals to be assessed by immunohi stochem stry were
© 20 perfused amalysisarodi & loy 804 prevaghigelorand deadslereed tonaitReaIRosaer e
removed and frozen until processed. . Fort;i_ m seétions vver?- ;
membranes (Novex, CA) using a Tran§ Blot system {Hoeffer
Transblotter, Pharmacia, NJ). Nitrocellulose membranes were
blocked with 5% BSA (for 4G10 blots) or 3% Blotto/0.5% BSA for at
least 1 hour at room temperature and then incubated with the
primary antibody overnight at 40C. Antibodies used included anti-
15 p(tyr) 4G10 (1:5000; Upstate Biotechnology inc); anti-IRS-1 and anti

p85 (New England Biolabs, Beverley, MA).

(3) immunohistochemistry

Animals to be assessed by immunohistochemistry were

20 perfused transcardially with 4% paraformaldehyde and the brains
were removed and frozen until processed. Forty um sections were
cut at fhe level of the arcuate nucleus, washed in KPBS (potassium
buffer saline, pH 7.2) and blocked for 20 minutes at room
temiperature (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 diiution to detect p(tyr) protein, washed, then incubated with

biotinylated horse anti-mouse antibody diluted in buffer
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cut at the level of the arcuate nucl eus, washed in KPB E ot as 'Qm buffer
saline, pH 7.2) and bl ocked for 20 m nutes at roomterrﬁe TH?%!SJP % nor mal
serum in KPBE/O®IZ Triton X100/ 1% Bovi ne 25 Serum Al bum n, pEEresdoj20452V,
Sigma). The free floating sections were incubated overnight at 40C with
nouse -anti-p(tyr) (4GLO) at a 1:1000 dilution to detect p(tyr) protein,
washed, then incubated with biotinylated horse anti-nouse anti body dil uted

o t’:;fn;if 188&%’5%3@5@%2&&%@%&“&{/%ﬁa‘%%sgﬁ YRR (D TS

i 1: 500.i.n..PBS: V i i i
Bar 1 ngton, ?rb-@'eﬂn@ﬁpew? 255 G50 oM PBYen Shtar EIRe kR "BEfteen each
b dase vhabBlEoHRR) FmpRiO LA hBr BPHAAES! afd Rt POBRH
reaction ”DU%rﬁ@eP&uséJ afééiw(?%ﬁabﬁéh sstepesectehydivare dwashddcourosighpp ik

Results 10 ( reat ment of db animals with daily Ax-15 causes a

si gni fgcant | pEg egiethueiigiiie-begaadt pevoxtidese oahsrvisualizest hiycei on. db/ db
mce or their heterozygous litter mates (db/?) were given daily i ni ections
(s.c.) of eideninsber&idinel (Signoa Stiordg. MOprregstios eawsiedoofagslatiyod

I ntake was restricted for a cohort of ~vehicle treated ani-mals (Pair-fed)
to the sane eneted slidasstdehydratede apdyROYEINIRABI r cat ed group. Figure 23
shows the results of this experinent. The nean group bodywei ght +1- SEM
(n=12) is reported for each day. Peripheral adm-nistration of Ax-15 (0.1 &
0.3 20 np/ kgRkeyutfts 10 days) produced a significant reduction in food

tint ak1e0and dose dependent reduction in' bodyweight (BW. For the

(1) Treatment of db/db animals with daily Ax-15 causes a

significantly greater weight loss 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-treated group. Figure 23 shows the resuits 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 dose 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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hi ghest dose tested, the effect on BWwas greater than attri butS@gl e to
caloric restriction (c.f pairfed vehicle db/db; PF) antf aRy 2082 at ed
with a red ' |.n the mass of epididymal fat (by 25% 25 and liver (35%
with no ef %ﬁgﬁélﬁuscl e mass. M The effect of 10 day Ax- 15P¢FES¥EME2 on
glucose tolerance in dbldb aninmals. An oral glucose tolerance test (OGIT)
was perforned on vehicle (open square), pairfed-vehicle 100 11 February
2004 WO 01/12810 PCT/ US00/ 20432 treated (filled dianond), and Ax-15 treated
(0.1 ng/kg/d ef; Aoy 0- d ked thi mal e
m ce and age?ﬁér?é?@hglc‘letr%t er ogygghséadg%%?n{%gy%afqeﬁ égqcirﬁgﬁ{gwa%i ;Btﬁée*bm
shows the restihhgledf 0hirsghegiday ndiiled Erahgisi mib/dépresienhicehandeageef at
5 least twelve animals SEM There was a reduction in fasting plasm

gl ucose (by @SafchednsidterozyyossuibAhdnierilledwirdehpdrigeret24 vahows ethe
treated |l evels. Oal g_{iucose tol erance tests reveal ed a  dose de%ﬁng{ent

i mprovenent  ir@sytsfsthis pxpen@enty BRchBOHHEEPIRSEBLS the Rfan:
ignifi tly diff t f PF i cl trol 0 (3) I t t of
by b Bl Y49t hake AIBRIGIGs M - Rer s7e, Acstuelidghit Eafifboody °
S b Al . ; AXELOTCAl ! . 15
(0. 0125, °o° opingf ahugBse ByTagso gl Yow UBe) HRENEFA (p3%) Ebmriirel
podywel Oht +ho eI TRated IGRAL! SO gifRbBelRerdifo O ravEa & 23C,

body weight Ts uced I n a dose-dependent manner. (4) The effect of 10 d
| ow dose A-x-difse Heplefelhnt Grprai¥engénic s gyltobse anderantedbwith e reres.  An
oral glucose tolerance test (OGIT) was perforned on vehicle (open square)
cand Ax-15 t naaderdti®. QUURE, sigrifisantly odifierent Keomdiifdand wehitle canlcols.
~ poi nt -

10

(3) Treatment of db/db animals with daily low doses of

- A e e e — e ———

. Ax-15 causes gsiqnifiéant body welight loss. db/db mice

were given daily injections (s.c.) of either Ax-15 (0.0125, 0.025 or
156 0.05 mg/kg) or vehicle for 10 days. The mean group bodyweight +/--
SEM '(n.—-G) is reported for each day. As shown in Figure 23C, body

weight is reduced in a dose-dependent manner.

(4) The effect of 10 day low dose Ax-15 treatmenion

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 + SEM. As shown in
Figure 23D, plasma glucose is reduced in .a dose-dependent manner,
25 with the 0.05 mg/kg dose exhibiting the greatesi reduction is

plasma glucose.

(5) Time course of effects of Ax-15 treatment. Time course

of effects of Ax-15 treatment (0.8 mg/kg/day; filled triangie)
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represents the nean of at least six animals SEM As shg\gn #é)g‘ure 23D,
pl asma glucose is reduced in a dose-dependent nmanner, ﬁP@ﬁWT 0. 05
ngy/ kg dose ing the greatest reduction is plasna gl ucose. (5) Tine
course of e m&aéél& Ax-15 treatment. Tine course of effecPST/EP00R43%
"treatnment (0.3 nyg/kg/day; filled triangle) 101 11 February 2004 WO

01/ 12810 PCT/ USOQ 20432 conpared to vehicle treated (open square),
pairfed-vehicle treated (filled dianond) on non-fasting serum bl ood

gl ucose fromgmﬁ Bratlte vehisle baehedo{dpen ajese)! pdiffedmestinichd teéatehst
six animal s 14 hour after the last injection. As shown in Figure 24,

Ax-15 5 si gnl(fliledndiaynmdpm mumdsting reprasr iood ogldicgisec rom bybidie misile d
day of treatnent as conpared to vehicle treated or pairfed-vehicle treated
m ce. M Physimlagyi cﬁaatbngmueewegeats ife qagamoiist ﬂQ%Fét gixnanimalsi £sSEMdb

ani mal s. Figure 25A-25C shows the re ults ,of an exper nment at

desi gned to elhllpitreditgé tyﬂ%/ a8 JYeE q)n cOYs 5&%&:& HYe- ég %\Aq%s

treat t on db/

qure 49 t ons
wer o det er m NI GeraRICER o oBsAst MmN in: B Sl R, 9064, Lten
AX-15 (0.1 1544w/ mdit 9s3 p%aay@ vetiefeedréies) s gqmaw%%é@
control groupﬂcgsgEJ &géﬁaﬁ%e tregt egB?A pen pai r f ed- vehi clg treated
(hat ched bargreaft aggcamt ched heterozygous db/? mce (stippled). Each bar
represents the nean of at |east eight animals SEM Figure 25B Fasting
insulin concentrations were determ ned on serumfrom db/db. 20 male m ce

oo T SR oy el o4 R LB 2agkol dke e
“vehi clegtreat f (el Befnbald. 2HgaRE25A-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 258
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 corﬁpared 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 250: Fasting free fatty

25 acid levels were determined 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 bér) and age-matched
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mat ched het erozygous db/? mce (stippled). Each bar re sent s mean of
at least eight animals SEM Figure 25C. Fasting free ng?Vuﬁ'@’ég@lﬁd | evel s
wer e deter 'ﬁ%gﬂﬁq serum sanples fromdb/db .male mce treated for 10 days
with Ax-15 (0. 1'% kg/ day and 0.3 ng/kg/ day, hatched bars)PGHUSWR8ERI son
to control groups, vehicle treated (open bar), pairfed-vehicle treated
(hatched bar) and agé-nmatched 102 11 February 2004 WO 01/ 12810

PCT/ US00/ 20432 het er ozygous db/? m ce (stippled). Each bar represents the

mean of at ' /78 e t f r @t
I nsul in-sti nhgg%égﬁgghté ?ml/hrrunoer Sg%?%iﬁ?'y F%%ﬁhgagrrgéﬁ%&gécﬁu%n gjg db
m ce. | munogt apéégtngigpﬁ Aeheilezy WBR.(db/ ?) m ce showed an increase in

p(tyr) imrunoreactive staining neurons of the arcuate nucleus (Figure 26B)
following a 30 mnute bolus of insulin (1 IUvia the jugular vein) as

conpared to I &he i1y tJof | IO dpi |
presumabl y r@e@ﬁ%@#%ﬁﬁt*%ﬁ éﬂvﬁ' <fifin Jﬁrﬁdl%stlé—én
receptgrs ang iy § itfInlihe 2pthadle Wusle@scophpspae vl at ed
after |9nsul [ %.ﬁgﬁ“’ﬁ???@gg't ?Tﬁl'e [ tr:'l‘sul in resistant/diabetic / db
nice (vehicl miderat pinfudiost8initgys) hetorezlygdus (aA)i mite vstigwadgén p(tyr)
i munor eactive staining 15 pattern (Figure 26C) with no detectabl e change

after insuliincreaset irerp(tymi jomurzeBpclivenstaping« NEBIrongapheihe rcdalalb

m ce attenuated the_hi gh basal p(tyr) inmunoreactivijt Fj qure 26E and
260 and reshUElRMS REGUTE B@B;)rf)oupé\gﬁ@n%i??@n@é@t@FkaH% 0%6 %HHE %B v (

iver of db/ te hGbIatE G a7 AmmAth g YbhiEe hffied BORNTaVRI or,

si gnal'i'ng

desi gngd t?ﬂ?{t—‘@éﬁgf ggwgf e@{jggl{?%u?{ prEsurtRdly SRHERE LroREUiA it Pt afed

nucleus that express insulin receptors and its substrates (eg. IRS-1),
both of which are phosphbrylated after insulin binding. Analysis of
the insulin resistant/diabetic db/db mice (vehicle treated for 10
days) revealed a constitutively high p(tyr) immunoreactive staining
15 -pattern (Figure 26C) with no detectable change after insulin '
treatment (Figure 26D). Ten day Ax-15 treatment of db/db mice
attenuated the high basal p{tyr) immunoreactivity (Figure 26E and
26G) and restored insulin p(tyr) responsiveness (Figure 26F anq 26H)..

20 (8) The effects of Ax-15 treatment on insulin-stimulated

.signaling in the liver of db/db mice. Figure 27A-27B shows

I 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 ({anes 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 with
pentobarbital and injected with either saline (-) or 1 IU of regular

insulin (+) via the portal vein. The liver was removed after 1 min,
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mce. Male db/db mce were treated for 10 days with elngéle/%Ig, #bg 25
(lanes 7 & 8), pairfed to drug treatnent |evels (I|anes or treated
with Ax-15 8.1 [ kg/day, lanes 5 & 6; 0.3 ng/kg/day, lanes 4 &5). On
the 11th da‘& &Hﬂ%?s were anaesthetized with pentobarbit al PGHESWEPEEt ed
with either saline (-) or 1 IUof regular insulin (+) via the portal vein.
The liver was renoved after 1 mn, 103 WO 01/12810 PCT/ US00/ 20432 and
protein extracts were subj ected to i mmunoprecipitation with an anti-p(tyr)

Zﬁff'sfe'rﬁmat”éé@qi%égm rater et auileded 5 SneBrBRirgBRIOr Rt b 2"
| RS- 1- f 5 t t

anti -p(Eyr) - SLEE *4fecic %W?Eﬂ% R Ll baﬁﬁa)“ﬂazﬁé“"g&%

| RS- 1- speci fbl%ta@ﬁéﬁ/ ryr%;(ﬁ'mrmfﬁs?@mmbwttﬁ@ pesetdguldistyi BUBRRItCent r ol

| nunopr eci pitation ? , ho |lysate control (NL), and 3T3-L1 lysate
control for }pﬁ}lk(r(aseyve(ﬂ%igmm 27A)] tRB8vdpspecifict antiseran toibbweti ty controls.

10 Analysis of insulin action in peripheral tissues fromAx-15 treated
m ce ifidi cat\Westeimnbled Byabgsiae wittospmoaptizn(hn- e(nﬁqmc; aﬂtlbgﬁyc. (Figure

bstr at | RS-1 d t ed
To an acute 278, Unil p'ﬁ?w‘ébfasec‘i' Snlfis Istiehl i S eieasBite A7Bho. | cvel

f th I h
ot tenuat s PetaEATED. DASh-TBRRS SEERs Teabittinin T ENeme.q
db/ db and re g&@scoqtg@ugm ShLEGEC: PhAKED coRReIIbasSgySRErs rmfrpved

peri pher al I"acose 'e "and res I on of th peri pheral and

ccentral i nsyki Ripittisi?! 4R BiGihg Bohtrofx- 15 treatnent in animals
- 20 that lack the unctlona'? l'ong formof the leptin receptor (i.e. db/db).

Thesetr pesul ts i ndAgalgsishef iAsulih Bationhén a;bempingralotiasueal froen fixatbse
met abol i sm over and _above the effect caused by wei ﬁos #lor lation (ptyr) of
treated mice indicated enhanced tyrosine pRosphory pty
specific substrates (IRS-1) and increased p(tyr) associated PI3
kinase in response to an acute i.v. insulin bolus.
iImmunohistochemical 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 daia suggest improved peripheral
glucose tolerance and restoration of both peripheral and central
insulin-dependent signaling events with Ax-15 tfreatment 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 normalize
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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al one, suggesting the utility of CNTF or |ts var i ants {f eﬁrngry%f)ﬁ’a' i zation
of glucose netabolismin patients having abnor nal ucose nmet abol i sm
such as hyperinsulinem cs, hypoglycenm cs, or di abetl cs, especially Type I
or non-i hs® pl/ti€endent (NI DDV diabetics. 1 04 11 Febr UarQr2$040440

01/ 12810 PCT/ US00/ 20432 Al t hough the foregoing invention has been descri bed
in some detail by way of. illustration and exanple for purposes of clarity
of understanding, it will be readily apparent to those of ordinary skill 5
inthe art in light of the teachings of this invention that certain

changes and nodi fications may be nmade thereto wi thout departing fromthe
spirit or scope @tHdughappenfdedgoing isvertiimm haﬂzbleﬂﬂad}aszﬂ'b&ddmmma Use

of the nodified ciliary neurotro?hlcfactor Ax-15 in the ﬁf cture of a
medi canent Ktﬂtaﬂlsl@ylwaﬁ aktilgstratiopns é‘é]ﬁji ﬁéaﬁtmei ulpuﬁpoﬁﬁﬁeﬁ 2y et es
rrellltusmama Use, accordin r’?% red cin nSU|Iﬂ
resi stance & qrﬁtﬁ@i@gndtl\ﬂ% € 18 iyt WP?{P" o hQr Y 2

Che T ouiR DT JnSfbR, i, tehdlifes “*‘i'%f evﬁnﬁf‘%‘?"é&n@%‘ﬁ}gf e
Use of the @%ﬁdfeg? a‘ﬁ' 'n%é(:ﬂ%%‘ﬁbﬂtsr?ﬁ’é\}%é 36596 t%réﬁa'w.thaat d@ﬁ%ggwre

of a nedica use I n treating a disease or disordér of

the endocri geypy gy er“t drEeowe - ob thésgppéndde otaitngi ed ciliary.
neur ot r ophi ¢ factor 15 in the manufacture of a medicanment for use in a

met hod of preventing the
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occurrence of non insulin-dependent diabetes nellitus in_ a mmal , 6. Use
according to any one of the preceding clainms wherein sai d' FRM 20 o
human. 7. Use according to any one of the preceding clains in the

manuf acture of a nedicanent for adm nistration by a route of delivery
selected from intravenous, subcutaneous, intranuscular, intrathecal,

I ntracerebroventricular, .intraperitoneal, and intraparenchynal
~administration. 8. Use according to claim7 wherein the admnistration is
via inmplantation of cells that rel edGRAMMS15. 106 11 February 2004 9. Use
according to any one of the preceding clains wherein the Ax-15 is

pegyl ated. 10. A conposition conprising the nodified ciliary neurotrophic

factor Ax- M5 inIsecafthedhodifed éhiary Re@oibhiedadbr ke inenon-i nsul in
dependent di-abetes nellitus in a manmmal . 11. A conposition conprising the
nodi fi ed ci Imanyfapkyie of aspedicamgnt tor usg in aanethod of fraating Nogringdin-i n a

met hod of | Quer, ; reenfat. | evels in a mammual. 12. A
comositibn%ﬁ%gggfﬁélj%% rﬁtg)lg{@iiéé’ @% |aély neurotrophic factor Ax- 15 in a
carrier for use in a nethod of treating a disease or disorder of the

endocrine systemin a manmal.. 13. A_conposition conprising the nodified
‘ciliary neu tro‘&?ﬁeca‘?%a?gg t%?ita"I‘Sﬁfoﬁ rgg‘é%{rr‘g insulin geSIStABCL Oy net hod of
preventing tfGeasing insiiintseMsithtp. | nsul i n-dependent diabetes nellitus in a
mammal . 107 )

3.. 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 mammai.

4. 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.

5. 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 non insulin-dependent diabetes mellitus in a mammal.

6. Use according to any one of the preceding claims wherein said
mammal is a human.

7. 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 intraparenchymal administration.

8. Use according to claim 7 wherein the administration is via implantation
of cells that release Ax-15.
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9. Use according to any one of the preceding claims wherein the Ax-15
" is pegylated.

- 10. A composition comprising the modified ciliary neurotrophic factor Ax-

- 15 in a carrier for use in a method of treating non-insutin dependent diabetes
mellitus in a mammal.

11 A cbmposition 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.

12. 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.
13, A composition comprising the modified ciliary neurotrophic factor Ax-

15 in a carrier for use in a method of preventing the occurrence of non
insulin-dependent diabetes mellitus in a mammal.
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