MODULATI ON OF AXON DEGENERATI ON FI ELD OF THE I NVENTION Thi s invention

rel ates generally to treatnent of neurol ogi cal disorders and 5 nervous
system i nwonbegsoibbe i nvention specifically concerns thecuwaseb/osasdel at ors
of particular target proteins and processes in nethods to inhibit neuron
and axon degeneration. BACKGROUND OF THE | NVENTI ON 10Neuron or axon
degeneration plays a central role in the proper devel opnent of the nervous
systemand is a hallmark of many neurodegenerative di seases including, for
exanpl e, anyotrophic Iateral scler05|s (ALS) Alzhelner s di sease, and
Par ki nson' s di sease, as WMODHLATIS) A . RAEIQNai n and spi nal
cord. These diseases and injuries are devastating to patients and
caregivers, and also result in great 15financial burdens, with annual costs
currently exceedi ng several hunBIECDOF THIINMVENTIONI N the United States
al one. Most current_treatnents for these di seases and conditions are

i nadequat e. Addi ng s KGR gdalesecperalln & Beape b neurelagisd disprdeped di seases
i's the facts t haty RO Y @%S@ﬂéﬁ%mﬁ{oﬁ sPASHLRY BbRms AU BEROGF of

i nci dence is |ncreaS|ng r as popul |on enngrap I ¢S change “fhere is
a great need fpammlwtangt@mt@hmrdmmceesfesafrheﬁnbdsﬁe idpipr oacdresmdtagol r eat i ng
neur odegener atj ve di seases and nervous systeminjuries. SUWARY OF THE

| NVENTI ON Thékgﬂv BiPon provi des methods for inhibiting degeneration of a
neuron or a 25portion thereof (e.g., the neuron cell body, an axon, or a
dendrite). The nethods involve admnistering to the neuron or portion
thereof an agent that nmodul BACKGRQUNROBJHE INYENTIORDr essi on of a target
protein in the neuron or portion thereof, or (ii) a process in the neuron
or portion hereof Neu@mpk@sd@fenmmmlm atceatral celn ithbe prapgededlopmentiyd

met hods of th |nvent|o ual gucine zi ki nase ( DLK)
gl ycogen synt ﬁ[a%rée KTRAL en:% %%@aﬂ% rﬁ“{ngélgﬁmg%%f’?fg de{liﬁagelsél?cﬁu(%g’lase
(P38 NMAPK), P-fopéx@mipke, aly@rsphid IptiaDielérast X9, AGEMer's aptalerdmal growt h
factor receptar (EGFR phosphoi nosi tide_3-kinase 5(PI 3 K),
cyclin- dependéﬁ?1RYW§§3“%*¥EHW@}m”ﬁ@éﬁ?FyUmﬁy%ﬂﬁ§@ﬂnéUQ%mmﬁp@ﬂrﬁﬁﬁﬁl ki nase
(INK), BCL2- a e
caIC|unicaInD ggg éggﬁl%%?Eg%g?%ﬁﬁé%?%gggﬁgﬁﬁggglz%ﬁﬁﬂ%fBOE§uhl IF%S,
G—proteln160uﬁhadmﬂdmﬂkmamgﬂummmﬁsoﬁsphnmﬁykm&kﬁmgéakﬁﬂﬁuwhabmnxmatenin
whi | e exanpl es pr t hat . can _pe tar eted are_transcri pt and
prot ein synthé@ﬂ?snigﬁﬁznﬁiéFﬁﬁaHPe Bf H@?@B?“%%ﬁﬂﬁﬁh F??“BWH can be
Wi thin a neur Bn&gbRCHEald@met mdglrg%ﬂle%g&bﬁftﬂgp@foleﬁlsvc%aeefa@yltﬁésegr anul e
neuron, a dorsal root ganglion neuron, a cortical neuron, a synpathetic
neuron, and aChﬁ&ﬁ@@dh@ﬁ&tﬁéUﬁ@WSudldwﬁﬁﬁh@eagenbﬁﬂcaﬂib®thﬁonwekaﬁpbe
:c 2:" 2 ;(ta(rjr{)lseOf sutel: gas{ % df%?e Eil(\{pr 34 lezglrog l?ﬁg{:gr%gl 1§ cI:hanéé[ hlehere 1ts g%re%gger]eh%or (e be,

20 development of effective approaches to treating neurodegenerative diseases and

nervous system injuries.

SUMMARY OF THE INVENTION

The invention provides methods for inhibiting degeneration of a neuron or a
- 25 portion thereof (e.g., the neuron cell body, an axon, or a dendrite). The methods
involve administering to the neuron or portion thereof an agent that modulates: (i) the
activity or expression of a target protein in the neuron or portion thereof, or (ii) a

process in the neuron or portion thereof.



15anti bodi es, pol ypepti des, peptides, peptibodies, nucleic acid nol ecul es,
short interfering RNAs (si RNAs), polynucl eotides, aptaners, snal

nol ecul eswoand/gpoivgsaccharides. In the case of anti bodi est/ush@oassvbodi es
can be nonocl onal anti bodies, chineric antibodies, humani zed anti bodi es,
human anti bodi es, or antibody fragnents (e.g., an Fv, Fab, Fab', or F(ab')2
fragnent). In the case of small 20 nol ecul es, the agent can be, for

exanpl e, selected f J Lstln f. B.415286,. GSK3f 3

i nhibitor |, GSK3 i ?eig%?g{??ﬁ%,p“@@@é%“rﬁ%‘%‘?gﬁélﬁi‘?‘go&@%nﬁﬁ]ﬂ?%i tor X1,
Li t hi um Chl or i idelndSiiaP 234i98 zipS&-b2aIORBnasSBDE R (b2 0o o ydhdRa8nasSBp 203580
HC1, AG 556, AG 555, AG 494, PD168393, Tyrphostin 4, Tyrphostin B42 (AG
490), LY 2940281SKAR).98fpeiiogen-astiviatsd @ratein dinasips 8 MARK b @;capBinFasskoptian, NKH
477, Actinonycin D 012 ax nnel Bl oc 7/288,. STO: .

ot evort 4o i alpP (R0 bR o NG e R G R RSP Rp Rl pinase

di tosyl at e,5 dePEH)pe)¢tihidegeniytkakd O(ddds), agaplyBeictisé) cShih NateeminaPEmse! N

sul fate, paromi n sul fate, and pharmaceutically acceptable salts

t hereof . The B dr2-perdirtehXirdriadBapalh tangsh sglsimmn/raimgdwinyjependensuch as
a human 30 subj.ect. : éégbg . é £, at risk of
devel oping a t}? gtgglskén%ggg%n i t%%\lé)ggil %Eétyenée(?}%&? ﬁgﬁigéf(%ﬁgépé%g’si sting of (i)

di sorders of tthasoaiption et WITERY), 0f Pratesingwhilosnamples bhprodeksssabia caybé em t hat
are secondary to a_disease, condjtion, or _therapy having a primary effect
outsi de of t hd®iggledaidraageiptin and prptein sypthesies to t he nervous system caused

by physicalyp nechaniye@kuroRbr ﬁ(ﬂﬁ?ﬁ fRleot & %?ﬁsis (Jr¥? ca(ﬁﬁde%ith(iﬂ A nQGY) ekl at ed
neur odegeneration, (vi) menory [oss, and (Vi |t) psychiatric di'sor der s.
Exanpl es of difson tergowfconfigingarfweasbaliss genilc melinoode dmyabtaoopirigtioh at er al
5sclerosis (ALS%lIl tri em'lnal neural gia, gl ossg{gp r.gn%eal neural gia, Bell's
Pal sy, nyast hélfi'a gt ' nﬂﬁgl&&lsﬁ?lp%gtfcr%ﬁ’ﬁﬂ?: %‘g REEMPA HOBYT ar  at r ophy,
primary lateral sclTge@sints aRlbS)for BEeHO BHibiass SahStrecP pRAUILSSHY&sRUI bar

pal sy, spinal nuscul ar atrophy, inherited nuscular atrophy, invertebrate

di sk syndr omedurtses the@gentserarhgyfon skamplp seleeisd pwdhelamosp certsstingpC out | et

i sense. | ant FBRIES pol AERLBACh el RENTARRE HBR BIRING, sop® TP\ ° S
di seases, nul tintpiferiigyRN AR SR NAR) polyMich@riass kemstd phailiuableanespalasy,
corticobasal degeneratjon enentia with Lewy bodies, frontotenporal
dementi a, denf@?xs"f*%ﬁrff]_@&dinstg%@aég of ggiibprligs AEaiPod R SreoReiPRalpl e

scl erosi s, ChangeddiddEiSedOMtibodies $a5GnizA a&mgﬁkgﬁa@g%%@b%yfetgf&'agﬁm ?kob

di sease, Gerstmann- 15Strussl er- Schei nker syndr ore atal famti al
i nsomi a ( FFI )fraghyevis keg.spolgifabrinbt oc EEhlh Gpandy). IRitlekas: dissedse, epil epsy,
and Al DS denenti,al . conpl ex Exanpl es, of pain include chronic pain,
fi bronyal %%a, RO %gflgﬁnt 8%%’&”%%@?’ SEHIGT FRm the, gEOKP FORSHUBAAE er |

arthritis, scivti3asSBE3IRE UK 3pAiBitdTOOBRYS SABiior VHS GKE 3B RaskiRor VIACK
pai n, visceral pain, Eal n frominjury, dental pain, neuralgia, such as 20

neuogeni c or Boahikiter Pt M?hilﬁé{c\h@ﬁdﬁi FRAPRHODOYB 839043y é3906Ri Ty es,
herni ated di sG338y Sl9amEREs, ARNSSCINRPEILAG 494, PD168393, Tyrphostin B44,
Tyrphostin B42 (AG 490), LY 294022, Anisomycin, Cycloheximide, Roscovitine,
25 Forskolin, NKH 477, Actinomycin D, SP600125, Bax Channel Blocker, ZD7288,
STO-609, bortezomid, disulfiram, pamapimod, gefitinib, erlotinib, lapatinib
ditosylate, demeclocycline hydrochloride, gentamicin sulfate, neomycin sulfate,
paromomycin sulfate, and pharmaceutically acceptable salts thereof.
The neuron or portion thereof can be present in a subject, such as a human
30 subject. The subject can, for example, have or be at risk of developing a disease or
condition selected from the group consisting of (1) disorders of the nervous system,

(it) conditions of the nervous system that are secondary to a disease, condition, or



Exanpl es of conditions of the nervous systemthat are secondary to a

di sease, condition, or therapy having a prinmary effect outside of the
nervous swetemvisakude peri pheral neuropathy or neural gipaTa®sase053596

di abet es, cancer, AIDS, hepatitis, kidney 25 dysfunction, Colorado tick
fever, diphtheria, HV infection, leprosy, |lynme disease, polyarteritis
nodosa, rheumatoid arthritis, sarcoidosis, Sjogren syndrone, syphilis,
system c | upu t i i es.of .infyrkes to the
nervous syst e%h%g%{ﬁs}gbgf%yaqgﬁ%?’ca ,tg{r}r%é{(:i gﬁ?‘%&?fvoggr(%}é]mﬁgg{nﬁ%r{r%uwrr%lgi ncl ude
nerve danmage ognsas syienexqussibyephysicdlpxechasioatpaurhdsjcaBOhesy ivptial(s)

i ndustrial solvents, drugs,, chenotherapeutic, agents,..dapsone,  Hi
medi cati ons, cf8 aé'§etl%‘?‘i)’lleq‘i'9ﬂﬁ§? eF?émH’_r({h’gé’}e%}ots 6‘1“5 g‘rle@ay %F’é‘%"s‘ﬂ?‘g ers.
nedi cations, and W&;xa&@ieﬁa?@ik&deré\@gﬂﬁelneﬂahs S¥RIPh&8dd aggi(dél%?hile%aal wound,

surgery, accidents, ischem a, prolonged exposure to enperature,

stroke, i ntracckriss (AhSidrigdmigd ncamnltic gloetpphiryhgeabnauirgie, Babiabgies of
psychiatric dirrsloar ers irar\‘z%l 1l{lde §C§i zﬂgﬁ}reni a, del usi@nal dj sor.der lateral

schi zoaf f ect | VEYGISHR &S, WK SHEOPRE PR ERRY SRSPUYATSPI: PAMG, 1k
psychosi s, S5pacRRBisAPRSY, pendbbulyar GhISQ peiressive Bubad shiPespHR aluséardi sor der,
borderline personality disorder, anti-social personality disorder,

narci ssi sti c péieRBhatetiipd museilarctrophp dessriratedigsundpmes. ¢eiseber , del irium
denmenti a, noo ' e I: ' [ [ psorder,
pani ¢ di sor de%,p gﬂé%gisgbﬁggf%&g%%’ é@rﬁ%@?{ﬁf d%gg§t§)?l fsglgd:rrg?l?%i pglﬁlﬁlggisl di sorder,
anxi ety dildor densopathits, prpphysie, Llahdimert’s disane, damsingtdExiaege cRarkihson’s
ocul ar-rel at ed neurgdegeneration i nclude gl auconmm, |attice, dystrophy,
retinitis pi grfjésr’f'ﬁ?_sg?rﬁg'é‘& ?'Bfuéggaasﬁ%é‘mq%ﬁlg%%@F%V%?%rw,“ﬂﬁ%‘i%a_écept or
degener ati on GR&QCIAERBaM ddbeNBhtidR dGhhtiAVRh IRMRodleS It Rl HfggNer ati on,
optic nerve druséen, optic neuropat hy, and optic neuritis. Exanples of

gl aucoma i ncl vdmeptid, demyelighinedipases| GuillrmABarorsygdrame omaltipjersclrensis,

angl e-cl osure /54l 0 cut e angl e-cl osuyre ,-chroni c

angl e-cl osure 9 a%ﬁ?’%‘%"ﬁﬁ’e&?ﬁaﬁ’ gﬁ?n gﬁ%ﬁ%ﬁ@&%ﬁﬁ%ﬁ@&?&ﬁs& Bﬁrﬁ?’b"lr?f‘b

open- angl &s5cl astans]ed!Sab MR syrdir GHELSE) Yfatll G RBnsot OIFFAL b&ing! aucons,
devel opnent al gl aucoma, secondary. [aucona,.rhacogenic 8Iaucpna, | aucoma
secondary to iSﬁ?rr%@élmeawphféﬁwmhégg,sctlﬁeaﬁfml cpsyy padi0 B demesbighenml ey

gl aucoma, drug-ind J | auc : ! i at ed
M Chointraocutar ¢ g BHERN RNk BHE AR N0, MO REREL °) Pe
eye, and iri s sahdrophypain from cafdon hiabiitisn geiatfcat eadavhes, pan difonpangdramusbier eof
wi th the agent, accgrgi n@tt.o t he nethods of. the invention, can 'hnvol ve
adni ni st er i ng SPHR> RfKPaTy VISCHH DARaRER {TPRLIUE: YL} RaT AYTAIGI2SHCRGS t he
agent . Thepadmefdthi or RBurbEHMhib Baif e St Mmatidh of Amagd SKAPRS Gerdiditd avenous
i nfusion; injection by intravenous, intraperitoneal, intracerebral,

i nt ramuscul ar dijeptormldgament. and diebeiesrt eri al or intral esi onal routes; or

topi cal or ocul ar licatjion... Further. the t hods of the invention can
el ude adi ni ster EAgnpETt geHt SRk et PRI eforihay RlkeB ca
agents. condition, or therapy having a primary effect outside of the nervous system include

peripheral neuropathy or neuralgia caused by diabetes, cancer, AIDS, hepatitis, kidney
25 dysfunction, Colorado tick fever, diphtheria, HIV infection, leprosy, lyme discase,
polyarteritis nodosa, rheumatoid arthritis, sarcoidosis, Sjogren syndrome, syphilis,
systemic lupus erythematosus, and amyloidosis.
Examples of injuries to the nervous system caused by physical, mechanical, or
chemical trauma include nerve damage caused by exposure to toxic compounds,
30 heavy metals, industrial solvents, drugs, chemotherapeutic agents, dapsone, HIV
medications, cholesterol lowering drugs, heart or blood pressure medications, and

metronidazole. Additional examples include burn, wound, surgery, accidents,



I n other exanples, the neuron or portion thereof treated according to the
30net hods of the invention is ex vivo or in vitro (e.g., a nerve graft or
nerve tr anepbhamMsy192 In the above-descri bed net ho#sTafS2el0®sispvent i on,
the DLK signaling inhibitor results in a decrease in |INK phosphorylation
(e.g., a decrease in JNK2 and/or JNK3 phosphorylation), INK activity (e.qg.,
a decrease in JNK2 and/or JNK3 activity), and/or JNK expression (e.g., a
decrease in J nd/ ' In these nethods,.,.5the DLK

i gnal i ng 1 nhiene eE oS S5 B Rot Mk RS TRIRRR BPOREE pe
herein (e.g., adserbial hah@&ehage, such as JNKV or IJNKVII, or an siRNA).

In the above-described nethods, of . the invention, the agent can be a

G protein inhibitorExamplesef pyghiatric disorient inelude shizophrgmiy, delusianal dsqsdest ei n

i nhi bitors de ' i ek I - e.d tion al so
i ncl udes net hgsggfzg?ﬁgﬁcgg{f?ﬁ}%rh%&gggﬁ?s o’rSh%lsggE%hﬁ%ﬁ%)?g%}h%éy%ggher ation
of a neurord orpamnpalparonalithdisesker, sdiissé pasdratitysdisondw) edabimt @edonalitya neur on

or portion thereof wth a candidate.agent in an assay..of .axpn Qr neuron
degener at i on (C[foé&,r’ %§°9W£P??n@€t8%ﬁ?9‘feé&aﬁ?w(sﬂmm iy , OOSEFI M

depri vat i on/ KGhnipafietdi@Rder aREHRN, AMERRANBodd B IR blpoldPRiSfdel On of reduced
degeneration of the 15neuron or portion thereof in the presence of the
candi dat e agerfiepresapmisiress disordgr, ponic disorder, adotophabs, séedal ipHelia,ipostetsauinatic of  an
agent for use jn.Jphibitin enerati.on of a neyron or portion thereof The
candi dat e agengtng%saﬁsqtr)efr’ S%tgég%g?rej%}ds@pé}%? 8%“1:?0%%0{&5%' group consisting of
ant i bodi eslL0 pol ypeBxathss opeqilirdelsted peirbidpenirtison intlGdeiguddaiadlafiRk ecul es,
short interfering RNAs (siRNAs), polynucleotides, aptaners, small

20nol ecul es, NATORIYYISHBIHR RigMgatosa, age-relatqdymaguiarslegensratign 68MMc| udes

phar maceut i cal ph_%%@?tito} %%Sﬁergtﬂgl e{%g&cﬁltf%dr\%h %Q%WAW otfer pé?irng]t agent that

can be used to inhib eneration of a neuron or a’portion thereof, as
descri bed her elegencTtionpipgic mave dtusedloptongposepatliypas] eptid nkuditss. Gxamiplesbfide, f or
exanpl e, one on rmre.aﬂtent selected fromthe group consisti ngl O[ﬂ M5 132, SB
25415286, GSKBPRAIITIGPimanEEpaesa; IR Ep3ig iyqomaceissy apdciAstsy Vi 11,

GSK3I 3 i nhisbi tdducdnb, acldetalbldM dstileYlddEma, JBrod R 182398 ha, mBraRRA69. SB
203580, SB 203580 HCl, AG 556, AG 555, AG 494, PD 168393, Tyrphostin B44,

Tyr phost i n B42anglaglapom)glavcympahonic opaniaseimelisnre alpedhaigméntey cRoswovi t i ne,
Forskolin, NK A, i in, D SP600125. Bax annel Bl agcker,.ZD7288,
STO 609, 30b0rlétxgoé%%ng\gl%%g{l%?‘%“Vgg)l%melﬁ%ﬁ%ﬁ?cr%i&: Seé%?‘%hﬁ f?(lf’“bcf’mé‘rli’ PSS,

| apati ni b dit ggateaine, glaeome kaoyddry feintiysbude htaoritge, tgaRfadobeucnsl f at e,
neonyci n sul fate, parononycin sulfate, and pharmaceutically acceptable

sal ts ther eof MeTYECHMAsHse@adragndendpdaicomadexig gliugema apdiglagepmeonal | y

i nclude ong or;RlfdRiRa] MBKMI: ﬁﬁflxdry, AGRE R n‘segé%tgic %}gi%al.ﬂfﬁlr{stoq e the

phar maceuti cal conpositions and ts can optionally Inc e instructions
for use of theyconposatiophs and kits in nethods for inhibiting degeneration

ET ¢ 2 g? u: gg ?ngg: }d&ﬁ&c%rpgggfgg%?ﬁulr?%%%ngn tﬁquofr{%tthht?xg ggen%,%gpo?‘ 1|n}g lcoot?lg’ and
methods of the invention, can involve administering to a subject a pharmaceutical
composition including the agent. The administering can be carried out by, for

25 cxample, intravenous infusion; injection by intravenous, intraperitoneal, intracerebral,
intramuscular, intraocular, intraarterial or intralesional routes; or topical or ocular
application. Further, the methods of the invention can include administering to a
subject one or more additional pharmaceutical agents.

In other examples, the neuron or portion thereof treated according to the

30 methods of the invention is ex vivo or in viiro (e.g., a nerve graft or nerve transplant).



5be a DLK signaling inhibitor (e.g., a siRNA nolecule targeting DLK
conprising, e.g., the sequence of, desirably, GCACTGAATTGGACAACTCTT (SEQ ID
NO 1), GROEIGIS@ARATTCAGICCTT (SEQ ID NO 2), GACATCGCCPCT®GSIEANDIB9¢ SEQ | D
NO 3), ATCAGCGGAGCCGATGICCIT (SEQ ID NO 4), 10 GCAAGACCCGTCACCGAAATT ( SEQ
ID NO 5), TTTCGGTGACGGEGICTTCCTT (SEQ I D NO 6), GCGGTGTCCTGGTCTACTATT ( SEQ
ID NO 7), or TAGTAGACCAGGACACCCCTT (SEQ ID NGO 8); an anti body, such as,

anti body 317, anti : A 3 [ 2 t i bod 1

anti body 322, an s?ﬁ%ﬁl}é aﬁ@ err%%%%ﬁtagg%ﬁé?dég’{ fhﬁg}‘{eﬁg% ﬂ%lﬁglé%%gﬁltgneg %}f"l%l%()f
TTGGAT GAAGCCATEAGAGT Addciia® iInDNYCphd3phoralatici (RNA ardetieadelie INKD gad/oNINKhe JINK2
sequence of ACCTTTAATGGACAACATTAA (SEQ | D NGO, 10) or AAGCGATTAGCTTTGTATCATA
(SEQ I D NO  11BPospiqrdatiomi JNEr 358 it (-8 redeyirss g iyl riad/onfNK3 activity), and/or
COCCCATGTGTCTGIATICAA0BRE,| DadQasd ) viS. hngi i KV 1

i nhi bitor, SC 202673, S‘sv?%i 401, aépaoo125@%%@%%&%@%&&%&?@%@ n,
T278A DLK, 5S28hADDKIKsigndlis®iishiblitky camrte anh ef the idikngigzlipp érhildonedascrifed DLK) , a
GSK3f 3 i nhi bitor .(e.g., SB415287, K3 i.nhi bi |, 3 inhibitor VI,
GSK3r 3 i nhi bi _t*t?Fel‘i/ferﬁqzasc%%P%ef N %W‘F?f&%‘(’){lﬁrﬁflﬁ ‘oride), an EGFR
pat hway i nhi bi tor (£ t@-abo®-4Qbdindnethods RRARtARNEI thd AERAS bE B Ghrotein

B42/ AGA90, AGH55, AGA94, PD168393, SB203580, 88239063,. SB202190, SB239069,
STO 609, and Spsbar?Fhe Goproteirgnpibgpeéan tierghy bf the G-pretein inhibie3IRSTHednd
pertussis toxin). I f, the above-descri bed nethods, the

adm ni stering ho el%ﬁ'ga’gaesrﬁ?arﬁrrg@%flﬁe “in at |least a 10% decrease (e.g., at

| east 15%1020% 25%he 30¥nticibitso hOUlesAhthods@¥ddedifynfp%peid %or ueSMinliBftng 75%
80% 85% 90% _ 95% or even 100% decrease) in one or nore (e.g., 1, 2, 3,
4, 5, 6, 7, 8.degenegtionofa syt erPasiomihgiesbr there Bethedeintdly v eartacspgeem
condi tion of trl_%ﬁro'ﬂ%'fg@ﬂﬁ%nﬁ%%o?l;piﬁlgactandiaat@ Qge(?lpglafﬁlyasga ofaflliSfaRGroncoNdi ti on,
or therapy having a primary effect outside of the nervous system injury to
t he nervous systenrratianseg, Hyi-physgrowth factecNBF )catibodies, sdnenideprdivativ@i(ea ;

pai n; ocul ar-rel at.ed neurodegenerati on; nenory |l oss;. or psychiatric

di sor der. Non-rF‘}‘L}#lf"?’ﬁﬂg/é&’é’ E%tr?ﬂ‘mg‘lfgh])%tﬁﬁiﬂld’ﬁéeq“ﬁeél C%gﬁpef%é’ﬁé’ g’,e_ sl owness
of movenent, afeaswhadr pb@ios tRteddd @B ?f%seré@l 8Piheshdihte LRAT RARRA (£ 280tV e
function, short-termnenory |oss, [ong-termnenory loss, confusion, changes
i n personal i t yndipaierghaiglentéficatipeof an agsnt fhows inmhiemealegensertionof h opyron
sensiti Vi ty t%rﬁ)SHl%H The?é’bqpl?ﬁg é n'd{(]ial%xat Erﬁrgalli l)é:" %c’)r er{lélr%cite?s ec?elaq}eosn.'lsthemrjsu%l €
paral ysi s, nuscfe cranps, miscle spagm;, SPgNT i cant > changes T no&at ng
habits, excessingstingaif amttbodfes polypepsdesTvedtidedpapsbatiss, mivMdit beil nat i ons,
fatigue, back pain, chest 10pain, digestive problens, headache, rapid heart
rate, dizzi nedRolcqyissy hog WF’??WW,W%\&MA@F PolyRucigRg desy arfameys. smalli on,

met andr phopsi 8,o1kdRA! {id8idlyshddhafeor Vi sion, decreased recovery of visual
function after exposure to bright light, and |oss in visual contrast
sensitivity. |n anyhefnvehignalsvieclddsphibedeutenhmdpositihes adikitailst esmtaig
results in at |east a 1510% decyease (e,q.,,at |east 15% 20% 25% 30%
35% 40% 45%"“585}8““5’?%‘%3’6%‘3%%%563E)‘%“hg’%eg%%“‘%85/3 nYE0R OFFRIGE even
100% decr ease)hdréoft falchdribed héremd TOE pHAUALARAGoRApLiEHs38a kRS cdnhBCIR&S, Vous
system condition of the nervous systemthat is secondary to a disease,
condi tion, or ferrxpaple. pravarmepraagant fisojeddidredie serpsiotestote af MG HE: YBus
System Lsur ik RABLHONR, TXELRM GRREHY RYGBRYS Rk, PRERAGLGR) | o
20chem cal "trauma; "pai n, ocular-reldte neurodegeneraflon, menory | oss; or
psychi atri c diislobicterX11, Codinar €hlotide, SBCIN 9@ ISBOZRY06 A ISBOYB 9069, WP B6RE dHhat are

not adm ni stergd Sa1d AP0Ls A 555, AG 494, PD168393, Tyrphostin B44, Tyrphostin B42
(AG 490), LY 294022, Anisomycin, Cycloheximide, Roscovitine, Forskolin, NKH
477, Actinomycin D, SP600125, Bax Channel Blocker, ZD7288, STO-609,

30  bortezomid, disulfiram, pamapimod, gefitinib, erlotinib, lapatinib ditosylate,
demeclocycline hydrochloride, gentamicin sulfate, neomycin sulfate, paromomycin
sulfate, and pharmaceutically acceptable salts thereof. The pharmaceutical
compositions and kits can optionally include one or more pharmaceutically acceptable

5



The invention al so provides nethods for activating degeneration of a neuron
or portion thereof. These nethods involve adm nistering to a neuron or
porti on 20Oheriesbioan agent that nodul ates: (i) the actiwycryusedioasisas get
protein in the neuron or portion thereof, or (ii) a process in the neuron
or portion thereof. The target protein can be, for exanple, selected from
the group consisting of dual |eucine zipper-bearing kinase (DLK), glycogen
synt hase ki nas ( i n-acti.vat ed .pr.ot ei n Ki nase 38
VAP - ept der rar D e s PR PR RIS RS ER ShabhIaRgbR

30ki nase (Pl 3Kpstrucyions for akepé tenmplssitiasend kits tki¢thoddemphibitingycl ase, c-Jun
N-term nal kinase (JNK), BCL2-associated X protein (Bax), |h channel

cal ci unt cal modiFRFISERLSB RE_ HEVIPR Bt BTHOK b8k ki nase (CaMKK), a G protein, a

G protel n coupl ed 1EGaPAhe melb8NSGHHRUAR RGEOLY theinichildn, 1fiaobi 81 €N 1.
be, anpl e,

whil e the process can or ex transcription or protein synthesis.
Further, the dperPLKargnhlng ihbibitexagpkeiRMn natdduleatgetigf DL Keotarigied, epy,0t ei n

or process (as,is the casge.f ljste e i he exception
of hdenyi vl \oyht Sabsie o SErihe HRAR Do CER AR R L Gerliby eror 5 P
neuron Sor porgAarTthereo{rrescricead @eove NOhe) nodul ation of a target
protein may be an increase in the activity or expression of GSK3f3, a

decrease in tHeAGAMCHGGT I GEeXEAdddi (GHQIPT8OcHk enin, and/or a loss in the
activity or ex i i ntion also provides purified
anti bodi es tha §§§%@‘%?E§FA§%C%TS§T#§%%% yl ated formof DLK (e.g.,
anéiboﬂbe?S,(ﬁﬂkh?@ﬂMX&lQ%A@ﬂKthﬂYT%%%%ngﬁmgbpody 321,tﬁr ant i body 3?2)
and inhibitory nucleic acids ge. ., Si at conprise the sequence of,
oL o ﬁﬁﬁ@% hodi, ATCAGORAGGOGA TGTOCTT
(SEQ ID NO. 4), GCAAgigGAi E%[CAE IM%%%@%%?%M 5), 15

TTT% WKQC?H?}[S}EDA:U%IG@I T (KEI%ETN[E@&:%;B@EME{P@H (’1§EQ_iH>dﬂtyEQ 7)),
or i medi a decrease in_the

expr essi on ofqgﬁ ntt ?ﬁ%@ﬁ&%ghépg%?t_ yB?@ﬁWﬂ yﬁgﬂﬁﬁﬁgoiﬁ3 AR g the
growt h, calsl shdiul2@RREASMhe PNRIstAtd STIEGATRANGRICATTAGA S gl1g) | ar

granul e neuron, a dorsal rtoot ganglion neuron, a cortical neuron, or a
synpat heti ¢ néBrN¥@) Dbsn sBNAapelcede wrgesing 81s WKiZsequedekofsi gnal i ng i nhi bitor.
The DLK si gnal j Agr-f-phis Bi-t-or oA hods can be any of the DLK
signaling inhﬁgp?g?ggégg%ﬁ¥%§§8ﬁgpgfh&%%fgfﬁkﬁg&E¥RNA nol ecul e targeting
DLK, an si RNA AmGeadiTaG@Er s TAGCANK (SEQED SORNA, sDdiRNuUl terobak Ot INE3 25
JNK2, an si RNA nol ecul e tar eti%%;JNKB a small nol ecule, T278A DLK, S281A
DLK, K152A DLReIushsF UG eUaTRE HiserAHERAATSER IBNY: 12)nSROP{2, ANENanpl es,
the lnventzbonimi%@mmﬂaﬂ%ﬁoi@t-zd}@vielsw-a@-m REENTH, | Ao agegerat i on of

a central nervous system (CNS) neuron, or a portion thereof (e y., the axon
or the cell bdéy, pordetiol 278ALIIEK NS 1 AMIOIR 1 SZRNBEK, arettthoktacind@ippan i ncl ude

adm nistering to th n .an, agent that inhibits the activit e.g.,
signa:ing ;c?F@F??TSEﬁHE&ﬁﬁg%ggdﬁmBW%ﬂﬁgvéﬁéf$$gd%§%g3?WHB@FLb;;:i%g(kigase
(DLK). I'n cer s pexaBRbevH, é@@;ﬁ?ﬁﬁi%ym (S)Efl?}zpirn}ﬂbﬂﬂr ief@afmibse for

| roma cerebe r

exanple, a CNS neuron sel ecte granul € neuron, a corti cal
neuron, and a chioppecanPaFRpethman inhilritor é¢.&.oerotiakampplestin BU€ t@NBodstiaur on i s

not a dopamn i C ur.of. i t Q t jnhvention, the
noL . sorag g%@g{{xq@ Uﬁ%;ﬁ%@%ﬁf bR 683t 0805800538063t RELHI1EE
SB239069, STO-609, and SP600125), or a G-protein inhibitor (e.g., SCG292676 and
pertussis toxin).
In any of the above-described methods, the administering of an agent results in
at least a 10% decrease (e.g., at least 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
30 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or even 100% decrease) in one or
more (e.g., 1,2,3,4,5,6,7. 8.9, or 10) symptoms of a disorder of the nervous

system; condition of the nervous system that is secondary to a disease, condition, or



exanple, at |east a 10% decrease (e.g., at l|least 15% 20% 25% 30% 35%
40% 5 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95% or even 100%
decr ease)wpnotimsodegener ati on of a popul ati on of neur ongCcagiscanpassed to a
popul ati on of neurons not treated with the agent. The agent noted above can
be selected from for exanple, antibodies, short interfering RNAs (si RNA),
pol ypepti des, peptibodi es, antisense pol ynucl eoti des, 10aptaners, snall

nol ecul es, an i i b he ant i body
can' b, 1 or o EREERAEES iR obRs BERE oBle AL ARl IS 1o BN

anti body, chi nstera caked b diyysidal) iaohaniehl, an thdwdy trativiaf fadg @edlbs-rekgda f r agnent
Fab' fragnent, and F(ab')2 fragnent. In nore specific exanples, the agent

can be sel ect d§UCHBFFSAI: RGN [ass or @sychiagtst igdanL Rondisngampiisod ul e
targeting JNK dqp St FOhEEY GRS O8hbAG N Guriaalbs2b lecul e
targeting JNK?:S,ca%gh o ecgﬁjg, a donﬁgnant negat’i ve formof DK, a

ki nase- dead f clepressfiorDléGreamedicapnithe Marictionsshoftrésraxahemory loss, [detanmatnnmadsy of t he
i nvention can . invol ye. adni ni st.rati on.of the agent t.o neuron ex Vi vo.
Suoh et hode. S R HEr STHERID e G HEGIEe CBFUAEY e PREMERE 20' neur on
into a human pRidefidn, ddnkRivitp oS hiRbhQbimdxtehfti@A8Mcle WokABhuLapl es
of the nethods of the invention, the CNS neuron is present in a hunman
patient. |n swerplysist hosde crames, agusole spasmsbegritipdnt Phangesad eitingzhabits,

phar maceuti cal | ble carrier. Eurthe the.adm nistration of fhe
agent can be fégerslgg%%%%& ‘B‘&‘TH%SP méliaa(rlr%}lsé?nsaﬁarncl)lﬁ néu%néin}é‘{é%ueed{’?cr rzﬁnpgl?eégnt eral,
subcut aneaos, pafi dig¥Live peobldni¥, héydache] APRIteart irdé, Idia1eed) bRirred 2Bidat r al esi onal |
i ntramuscul ar, intraocular, and intraarterial routes, or by interstitial

i nfusi on or u$BadOMs R MisHHICAIEas @ Yis1onyBEYMEEIPPYA, IMPRTAYK In ¢ Vigiehods of

the invention i el ! Wl R

phar maceuti c a|d%§gae§ﬁ? gé.CU% Gﬁ%%,é %ggl?lggﬁteg %ﬁ%%%ggqggg%}gq%h%’ h&?fg)ésplg ctof 1o t he
met hods of theonimsesnsiomitgan have or be at risk of devel oping a

neur odegener at hi e di sease, or, condi t.jon, such as _one or 30npre of the

neur odegener ati ve g‘?@a‘%&@ Bove ?ﬁﬁf‘t’?d;‘ﬂgtﬁﬁssf@&dg%%@“@rre%?@é‘%ﬂé?aét*her ei n.

Admi ni st erisng 19, &eRALe @ls., ATRA S 5HES 00¥%:0p 9%, 109, BRe, NBLNpHs b, tsRe, kevent i on
can result in |) a decrease i n JNK phosphorylation, JNK activity, and/or

| NK expressi o, °ﬂ(,|79‘§’0, DU edo0, f)ﬂ%e%%r @msrph%}“/?ﬂmr%@@,mﬁmlrkeamdd\qft Y,

and./ or aun 6?]8{‘,&‘& SR disgr%g{ Bl the( rllelrlfgusasy en%;rc%%al%ol e 81%% IQ’QI?S;S 3 Qtoeﬁ%/thgttil on, p38
activity, and/or & expressi on. e CRVERT Poncafs8 proviTdés "fret hods

for decreasi nge@hdfiy &ve diséd3g, condition, oftHeeaps hapihg Aprinaly dier @asdaer thhe
progression, of a neurodegenerative di sease or condition, 5such as one or
more of the n@GFOHRYEREY MW do Hiederopssystentauehd iyahysiralshesdhanpdv or

el sewher e Hjer ehfnicdin iRQfL S 1at-REALE e AT S Bh! MONbQ 185sPALHs G agent
that inhibits t elcac%?l\%agg&o’r efpresésl(lgon of %e ﬁuh@%eﬁlcﬁsﬁ’e zdlsgpeartf:}geari ng
ki nase (DLK), dasrdtesomphed thacwitml pduddtioeof stthets thatend no ndmmidterdésaid he use
of one or nore %ﬁents (see, e.g., the 10agents |isted above and el sewhere

herein) that i?Afil"bit the activity or expression of the
The invention also provides methods for activating degeneration of a neuron

or portion thereof. These methods involve administering to a neuron or portion

25  thereof an agent that modulates: (i) the activity of a target protein in the neuron or
portion thereof, or (ii) a process in the neuron or portion thereof. The target protein
can be, for example, selected from the group consisting of dual leucine zipper-bearing
kinase (DLK), glycogen synthase kinase 3 (GSK3p), p38 mitogen-activated protein
kinase (p38 MAPK), epidermal growth factor receptor (EGFR), phosphoinositide 3-

30  kinase (PI3K), cyclin-dependent kinase 5 (cdkS5), adenylyl cyclase, c-Jun N-terminal
kinase (JNK), BCL2-associated X protein (Bax), Ih channel, calcium/calmodulin-

dependent protein kinase kinase (CaMKK), a G-protein, a G-protein coupled receptor,



dual | eucine zipper-bearing kinase (DLK) in the manufacture of a nedi canent
that inhibits or prevents degeneration of a central nervous system (CNS)
neur on, owoaopasbisen t hereof. The nedi canent can, for eramiseoiodssspease one
or nore synptons of, or the l|ikelihood of devel opi ng, a neurodegenerative
di sease or condition such as, 15for exanple, one or nore of the
neur odegener ati ve di seases or conditions |listed above and el sewhere herein.
The nedi canent . I f dm ni stration by or. exanple, a
route sel ect ec}m?’?%}%%g%frf%%{qgr(yc?g)s ﬁg&'c §rﬁlgbvd§1fle tl%ﬁp raven ufsj?’ f?rn X?%gl?ri t oneal ,
i ntracerebral ,trandripibe 8 MRin syntHesiaMBSEHe ahe adeht dan®e UoRExandlé] ah Béthagrt eri al
routes, or by interstitial infusion or use of an inplanted delivery device.
Further, the rRidiciamehroteproraasresy @disithsaseifor shictargetshisicd abei with sl
phar maceut i cal AL Sf Plyce)@ . AS: ' '
according to teﬁg&?]nven?ﬁﬁycayﬁ reéﬁf%%ilﬁg%?@%ggﬁgﬁlgggg&% %Bﬁwg&lupon
phosphor yl &t i ampoitiK tlest¢df\detcyibedaatadiverthe MSdexthorasfi target frotie)n maydlecihease i n
cJun phosphoryl ation, cJun activity, and/or cJun expression, and/or (iii) a
decrease in p3BCTRH6&pihe AGIAYi0s XPIESIPNH Sk 3y 2 degiepse i theactesty %Bssi on. 25
BRI EF DESCRI PTJ,¢ = JPRAWV. . [ - t reat ment of
neurons for 20 %ﬁsgs:n %/-\Aﬂfﬁ ar%t’ia-I>J a%fr?? f%tggkg}s%?é)gaﬁ%\é&ﬁngg:rﬁhdegenerati on.
The two i mages i n tlhe inveptisroalssprovidescpurified awtilsidéds itz dpasi fichllybint td theur on
specific P-tubuylin) antjpodi w th and without 20 hours. 5 of treatnent
with anti-NGF HthBB’g?t@Isgmﬂ? %{ei%ﬁﬁﬁgoqyr?’l?*@“l%&%}ﬁ? asiRodn - neur ons
visual i zed g t ity 31 a8HdnkOsyeS2] %ﬂqﬁﬁbﬁ&y%élﬁc%iﬂ\’(&g?ﬁm{%%E rol) 50

[

ttg/ ml anti-NG- anti bodi es. gure 2°shows that varicosities formin
neur ons cul t urcethpyise the agrucndi@F, desirabo di@SCTGAAT TGHAGAASTCIT, (SEQ ID6 hour s.

10Fi gure 3 shquws. t.h | [ = ~antibodies for 16 hours
| ack el ongat e}\@r‘i #)Oﬁém%‘g%ﬁ%@&c‘%ﬁm p%lﬁ%o? ’m tochondria in
varicosities. GGACATEEICECAGESTONT TTNGEQ IDWNOXINATEWNECGEeAdcddaant i - NGF
anti bodies for O to 48 hours, the mcrotubule network is not disassenbled

before the actitlErTheXHQIR N CRAMIYKSCCTEACEGAASTT (SR IPAQS).
Val | eri i | (NS df |1
eri an 1(§egwﬁdﬁg(?%&c\g@(ﬁb-?ﬂég?gﬁggﬁggm.%ons severe rom neuron ce

bodi es (top panel; 9):868-871, 2002), and shows
t hat there is GCEGYGINTCILGTURAEYAIIT (8RQrIDAéQeNesat i on after lesion in

panel; Araki  ario AOASEAREAC Theb| b B N 38 b sdsprguradeon o0

show that a prpRasa & 1hinki bi tor and a GSK inhibitor prevent axon
degeneration in an anti-NG- anti body-based NG w t hdrawal assay.

Fi gures 7A-7D showThhatventiqa@rivispioviddsinpithasis ofnwdelatizgide glopth.opl sas.e
activator ,prevent ax egeneration in a nti-NGF anti bqdy-based NG

wi t hdr avvalzBas s?‘&?for %rggﬁeé%rogso ?é,&?lgﬁn Sions elr%gﬁaragrﬂuge'r:%egmnp? g%‘ﬁalirﬂ?ﬁgﬁpy@rn and
an EGFR ki nasecimah] Hidrdal RERME R a Syaputiiteid e0@0al byoddntadtida Adtirdrr WEra

ant i body- based NG- w t hdrawal assay. . = Figures 9A-9D show that a JNK

i nhi bi tor and HBdksieralingenhiigfasc kb DhKeygmiing nbiprigegied dr depomethadsaan &at i - NGF

ant i body- baSGQnW%Hg\?IgWF%W& (‘?égglli&ﬁrhgl%lrlj‘@%-,:lagl-s)lfé@&%décn%t an Ih

channel bl ocker™ an
targeting DLK, an siRNA molecule targeting INK1, an siRNA molecule targeting

25  JNK2, an siRNA molecule targeting JNK3, a small molecule, T278A DLK, S281A
DLK, K152A DLK, and the leucine zipper domain of DLK).
In certain examples, the invention provides methods for inhibiting or
preventing degeneration of a central nervous system (CNS) neuron, or a portion
-thereof (e.g., the axon or the cell body portion of the CNS neuron). These methods
30 can include administering to the CNS neuron an agent that inhibits the activity (e.g.,
signaling activity) or expression of the dual leucine zipper-bearing kinase (DLK). In

certain examples, the CNS neuron or portion thereof is, for example, a CNS neuron



prevent axon degeneration in an anti-NG- anti body-based NG- w t hdrawal
assay. Figure 11 is a graph showing the activities of inhibitors of
GSK3 (30 wolkh8R4#0B286), EGFR ki nase (10 faM AGHE55), p38PulbRIS2¢180335h6
SB239063), CAMKK (15 ftM STO-609), and INK (10 [t M SP600125) when added at
the tinme of NGF wwthdrawal (t = 0) or at 3, 6, 9, or 12 hours after NGF

w thdrawal . S5Figure 12 illustrates a Canpenot chanber, in which somal (cell
body) and axo i t . i.Qur.e. t hat
axon, degener ot resien Fo Ry By RARELE, orienl euoh, B aRReSAME, rmenot
chanber st udi esuion. WhyartouNStanvildshihe N8 ndub@kis pbiacdopamineigic axaon.cont ai ni ng
chanber. Degeneratjon is visualized by ,tubgli 10 i pmunof | LiOJ’e cence.
Figure 14 shoveccPrie tp s metieds of thegnyndiopsthe, Beame 670 15Ut Wel®el | body

conpar t nent i%xﬁxﬂﬁle%'m&@io%ﬁ@d?@a% (é.ag,saa%a@tsﬁs@x 2obd, 9t 8d% 399, dpbgure 13.
Figure 15 shows that cell bodies (left panels), but nof axons (right

panel s), iR tHEY%pbe%eh%, @X0,30%, 70%\ 45°8B3006, §5EHROVHAPBI oroaven GBKL) or 15 ji M

Act D (transcrjption. 15inhi bitor; TXN ), were.protected froml ocal, .

fogener at fon. debleasE Yt Bebed firi ork HohdiptSH 1 BURns B Sl o POBMEi oot cel
bodi es (left pAReksds ndxBRsEHiththeddpbht: NG anti bodies in the presence of 10
JAM A0555 (EGFR inhibitor; EGFRI) or 3011, M SB239 (p38 inhibitor; p38i)

were protected frorfbp gt nefed abne sen bnselezprifepum, doricrampleaanibagies.sherhi ng

guantificatio EE}@@ i I C iLn -:gh anti - NGF
ant i bodi es we:f %tgg%x%g‘%ﬁ%? e %Zg)ﬁg)lae}g%h\?lg}o tr?r%)niesi %%?%gé g‘?l%%“ecﬁ%g%sr absence
(DVBO) of 115 tapfihees, smainoleqults, GAd pédysacHHaridedV IbBAIRZSE apnSbBdidly, thd0 p. M

AGb55, or 30 p. M SB239063 (SB239) in the axonal (Axon) or the sopnal
envi ronment ( @BIIPYdY canpe.depraamale; selecteddrnan 2 palyeland andtady, mpRAHiamE screens

descri bed her eélhﬂbody, chimelllzé Qﬂfb@d};l; %uﬁgﬂ% éntf'i‘%g)d)g @IV lfragﬂgﬁt?ﬁa@fp&%?e%t %'élﬁ‘" ler

when NGF is renoved fromthe axon conpartnent” in a Canpenot charber.
Fi gure 20 shovsgmistt anbli(gb nelireorest. depnire epkctic eX@Rpler thdageakan be octpaed ment

have i ncreased. cl eav of, caspase- 3 shu ucl e conde ion. (Neuron
hoal th 30" may B2 41 ¥ BRRuR s RERFaR Rt SRYAMRE Rl SR RE B 515 %A
graph showisng s(E¥8 nafidculd thigeti BSTNFER SH KRN DholiRGle@@gaithol JIBNE, § sRifill

phosphoryl ated GSK313) at the start of NGF withdrawal (t = 0) and after 1,
3, 6, 9, and IXleryiss 3 deminyamegptivedpamal LK. ¢ haaseedaad e ofd)L kaend
conpartnent. Fjpaur ﬁé%t'é}e& graph showing .INK activity (as neasured by

i ncreased | evels o phosphoryl ated JNK) at the start of NGF withdrawal (t
= 0) and after 1, 3Jhe fettdds afttle kiRehbunrcan ofvoNGRadwiitikiciianal (hengéhe £€ENS body

or axon conpartnment. Figuyre 23 shows_that a | arge nunber of axons with
vari cosities, "§¥REF Y’V%rsg?&af@%‘?f{]sé’an Srthssinclpde graghesryaplapineths f8Scel | body

i nhi bi t or 90( 3Q,e@h FBY 4 BuhSEPShttenPsYtbr AdhitMiAGIn Qtﬁggﬁ\ej,!n).)l,nw&em% §f0 the
cell body conpartnment. The 10 addition of the axon inhibitors (10 JAM AG555

(EGFRi ) and 30hqunetBB1E39 tifqB8intipntthe NS mexon icprpat inenmahmtied. freweh

varicosities, Ir%r‘glgodts,qﬁe glgxe%p csan%%%%gnigtgreg & ;t)}ga?’rin crétuti(t:a?lyfa&%%{’é%l%tc%]t’rie?.n'
Further, the administration of the agent can be carried out by, for example, a route
selected from parenteral, subcutaneous, intravenous, intraperitoneal, intracerebral,

25  intralesional, intramuscular, intraocular, and intraarterial routcs, or by interstitial
infusion or use of an implanted delivery device. Further, the methods of the invention
can include administering one or more additional pharmaceutical agents.

The patients noted above with respect to the methods of the invention can have
or be at risk of developing a neurodegenerative disease or condition, such as one or

30 more of the neurodegenerative diseases or conditions listed above or elsewhere herein.

Administering an agent or agents according to the methods of the invention
can result in (1) a decrease in JNK phosphorylation, JNK activity, and/or INK
expression, (i1) a decrease in cJun phosphorylation, cJun activity, and/or cJun

9



Figure 24 shows that there may be nore functional mtochondria, but still
no el ongated mtochondria, in NG-deprived neurons treated with GSK, EGFR
and p38 NMsOrhilisboes. Figure 25 shows that the GSKCrniseéionsssocB415
can del ay axon degeneration after |esion. Figure 26 shows that, after
gl obal NGF wi thdrawal, 10 ?AM or 25 ti M GSK i nhi bitor bl ocks axon
degenerati on, but does not block cell death. 20Fi gure 27 shows that EGFR
expression is J S o ) ) naI cond stained
with anti-EGF xﬁ%tslgg\g d/lop %%Eeaaenlglﬂrzggassmé% Higlre’ ? actnp dl/(?ré’r%ggeni C
control (NTG éx@fetss@anel) F| gure 28 shows that EGFR i s nor rral |y expressed
in neurons (notor neurons?_ and that the | evel of phosphoryl ated EGFR
(pEGFR) i's i ncr easedeiipveniian degproydespgbadnioqdecrqasioppr mgyetingeas etmes a

non-transgeni g AN aTaE I Gu) r of
axons is decr egﬁ@ﬁ}nﬁ nbrtﬁ Sl %&8 %Slé)g mﬁﬁ?%@ﬁﬁvﬁm@%&s&%ﬁg‘%gd to a
non-t ransgeni csucloagt orelor @Nmeneﬂ’(gg pewotgeivadttive escphospioadiyioat Bded=EoRe (PEGER)

in the ALS SOD deI art aII o | ocal.i zes. wi th axons. 30Fi 30 shows
that the smallSSPeEdeE RS fainterite BB entn seRulRg ( 51AM

STO 609) , EG:RnfuintPthMa@t‘fvﬁ%fQ)r lexﬂrMsm e duBBBudiRe JippMbelZ3AGEAL (DERY 25K

(101AM SB415286) protect cerebellar granule neurons fromserum
depri vat i on/ chlewré@éb@ﬂemn Fi gure 31 shows that the small nolecul e

b or s of ECTR GBS O il SRR BRSO,

agai nst 10r ot enone. gure he °8

EGFR, GSK, IOCaMgKmts Bk alﬂﬁ'é apB 8 st Elidreif Pthht i6iEbit ARUCONISy @ERpRSIionler tHM
r ot enone. gure 33 shows that ErbB receptorsare detected on axons in

dorsal root geﬁv@l He%n%meé%arms Kipase (oKt wchempatipgiurgof agredisempeidhals
specific for iR §@9%Jeﬁistde Db ogge&t&\t [g&vadsgygte RPORL neyb il & 4 Dot { om

| eft panel), bottom ri ght I gure ows t hat
EGFR i s expr egseithn theraxdorishe afedtbemsat can,(fot exgarpdy, ﬂmwseunmmsyrgptoms
i mmunocyt ochem _str iigure 35 shows that es not

S Fi 100 ug/
i nduce axon de‘ﬁeﬂé‘\{ealt‘]feélho%%fﬁle&ﬂ Be-tA el e AR Y d‘@“aﬂﬁ"g‘l’ nh‘ﬂ@’&?’ Sand
that addi tjison of exh@fld) gﬁen& TRGHE o Bie m,@%ségﬁﬁa@mgeﬁée%k 86hdfonERed bd e

treated neurons. Fi gure 36 shows he EGFR ectodomain (50 ug/nL)
does not bl oc I@ndﬁbﬁwhl@géﬁémaﬁhemeﬁlw@m@@d:abbe &Gﬂulﬁqdrfdlr almeihisiraticadys@ir r oot
gangl i on neur NS 37 sho uM and

100 | LLM Tar cevagp 1(el%r 198t sr#gsegg CORE e%ug)rc Iéttan eé) HS |llﬁ%%8?ou§1 m%‘?eﬁi(fne%r d

expl ant's. 20FiigtucereBail, sm@a&&1dnhaﬁntﬁumkcdlﬁuﬁltra@:uzarme intRRaEd N goktbsnastyy ( DLK)

acts upstr eaminterstitial infusion or use of an implanted delivery device. Further, the medicament

20 canalso include one or more additional pharmaceutical agents. Use of an agent or
agents as described herein according to the invention can result in (i) a decrease in
JNK phosphorylation, INK activity, and/or INK expression, (ii) a decrease in cJun
phosphorylation, cJun activity, and/or cJun expression, and/or (iii) a decrease in p38
phosphorylation, p38 activity, and/or p38 expression.

25
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fromINK in axon degeneration. Transfection of a plasmd encoding wild type
DLK in 293 cells results in JNK activation (as neasured by increased | evels
of phosphwoybhatmsdiogdNK) conpared to cells nock-transfect edTwisténoasisoeant r ol
plasmi d or a plasm d encodi ng ki nase-dead DLK (DLK-KD). Knockdown of DLK
expression by 25si RNA in dorsal root ganglion, peripheral system neurons,
protects axons from degeneration i nduced by NG withdrawal. The knockdown

of DLK expression using DLK gj Eﬁﬂf&f" Iid fﬁhmwdé ative PCR as

conpared to a control siRNA ot tont 1 gnt—panet ) Figure 39
shows that siRNA krragiee 0whovaf thiticathnad nadgbnd EbrapsholiBGath @XONGF
30degener ati on. Fi gures 40A and 40B depict the results of

experi ments as¥dbedigiyesuis I mpadeearraipk kKhbbradswacson AP (W mavai@reisnduced
synpat hetic n JEgareL: I I ra: 1hC :

visual i ze neureg%%.ﬂz %J@E?%t%@gﬁlﬁgﬁgasiﬁp ﬁ%?fbﬁﬁ‘%%ﬂmé’mﬁﬁﬁ@%ﬁ?@ﬁsessi on
usi ng DLK si RNA tisatfrishivith puai-Bi€iFansipodiet Héteiteo eages ivsthe botons asvptlatvheci n- and

vincristine-induced apqgptosis conpared to neurons tregted wt cont r ol
R () edtony Bl S4B rE R hat<t PaeY ot Toe Gogy B EXRbLY ons
with a plasm dgn¢QehRghddicdase- dead DLK (KD) protects the neurons from NGF
wi t hdr awal - i nduced apoptosis conpared to neurons transfected with a plasmd
encodi ng wi | d type Hituke 2 hqvpi tkyt. varicosities Rpruinesud8c W @B dshigvartiidGFesul t s of
experinents ass {-Ng- { i oHdiyn ecificities of the anti-pDLK anti bodi es
described in &@Er%il%sgff%gl%’gi %ﬂ?e(%i%ﬁ?‘agﬁo\/\s Western bl ot anal yses of the

bi ndi ng ofigeach of Hifige aBkdwstbhtlixams duRogt eathdes NG Pestitdalee ifd 16holdskackDLK i n
t he presence of a domi nant negative DLK, and 15 control kinase M.K3. Figure

43B shows i nmfigRpisd matoshendripped govoisremplabeqeef mitochprdrig ip §apggsigies.-ant i - pDLK
antibodi es 318 and 3 r |.Sat.f.ar QEEQ ] (upper
two i nages) or contr e&lglﬁaséhé\{ﬂ_ﬁ%xﬁ%&vgﬁ%?v@ﬂﬁJr?ggr}icfs}g% |8¥J¥rst£$} 3 lﬁsghows a
West ern bl ot  dehsgthe mgcrdiibundtvadrh spivo dishi<crabled befdteghe ain2 dewelilament
transfected with K and DLK nmutants which lack activity (T278A and S281A).
20 Figure 43D 1EYY*%estern bl ot which shows that the |evel of

phosphorylat ed DLKFg &5 Quat-fds W&ll&@intdegﬁ{erdﬁ%lﬁi,r Wwhigh Ea:k@saﬂl@& iMhidhs severed

vineristine, conpared to untreated (control) cortical neurons. Figures 44A

and 44B show Uravapergonéclidmdies Hiop ikaraht RaibeliabsScienae PR 85093:863-87 b 26pDnaind cor d

sections in w nd. SCDL -y t mce at end.stage,of di e

350 gure aan e AEARTs Sk 0 05 Il 65a BeeROir S By Slopih SRR

depi ct s Vst erDegoh@iticriiby $B%SY mupitd<as ¢disredan domenddNott@i phiel] Arakigran

Al zhei ner' s di sease patient cortical sanples. Fi gures 45A and 45B
depi ct the resitdenst S8Xp@tPHEH-40bs2e&i ng the inpact of DLK silencing on

phosphorylygtion of pdM&d dh-EBIRADHE EPro%%o L A Avald aséglg%gﬂi)iﬂ)r prevent

30synpat heti ¢ neurons and dorsal root ganglion neurons; an

vi ncri sti ne- i ndoe degestmggsinian agiNGIcaltibnéuband NGiiswidesowrdl hedy.i n Exanpl e 15C
and Exanpl e 14B. . FLqure 46 sh the. protectjve effect of INK

i nhi bitors on DRG 5}&?%&@5%\3@@@@9?@@%&%; n adepy; §?’°13%e descri bed
in Exanpl e 15Getivator previeh@dkof déenS@BbiC InsantAB-N @B Hhdbddbafd PRI WRAdSwal
assessing the inpact of silencing JNK1, JNK2, JNK3, 1ndividually, and JNK2

and JNK3 toget##y- i n DRG neurons on 5 axon degeneration observed upon NG-
Wi thdrawalysstress, @, 4e5CRHREG il FAIRiSick2 hibitor and an EGFR kinase

inhibitor prevent axon degeneration in an anti-NGF antibody-based NGF withdrawal
assay.
Figures 9A-9D show that a JNK inhibitor and Bax Channel Blocker prevent
axon degeneration in an anti-NGF antibody-based NGF withdrawal assay.
30 Figures 10A-10D shows that an Th channel blocker and a CAMKK inhibitor

prevent axon degeneration in an anti-NGF antibody-based NGF withdrawal assay.
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Fi gure 48A shows the affect of DLK si RNA and control siRNA on the survival

of cortical neurons. Figure 48B shows the affect of DLK si RNA and control

si RNA on wbeosunsvivzal of synpathetic neurons. 10Fi gure 20TiGS2@108683596f

i mmunom cr ographs showing the ability of an inhibitor of G coupled protein
receptors (SCH 202676; 10 p.Mor 100 fIM to prevent NG w t hdrawal -i nduced
degeneration in DRGs. Figure 50 is a set of imunom crographs show ng

the ability of SCH

w tharaval i nduced 'denencistorapifMoUigge il oPLEKERL iy gy

i munomi cr ogr mlssmmGgRtkh@sa@oluMAaﬂssgpQ&WQfm‘(so Wsmgémﬂs) or 1 pg/nL
pertussis toxin (an inhibitor of Gprotein signaling) to prevent NG-

wi t hdr anal - i ndue MKk €gadrsdiQ-60P)i %ldleé(S(IOFFﬂ\éﬁ 60(825) whey agdded @fthe time of
| munomi cr ogr 6198? vmhd{a%al ﬂt%ﬁgtm%g(% 1? lelrsls er%@ﬁ WHEJQJE t{]e effect of

expressi on of Ivé nmuta %and 20 nut ant

i nactive TGF4 on del@gnerlailhﬁﬂatesﬁt QhihperfoBclRnen in ﬁrﬁuﬁ@&nﬁlﬁ(@@m&m} arn  of
cortical neurons in DLK knock-out m.ce in response to N-nethyl-Daspartic
aci d ( NVDA) traé‘ﬁflﬁéﬁ’t”r(&%n"é}%‘? }Padtedn Exanpl e 18. Specificalliy, Figure

SN, phosphor 1 at i b3 LE R Can it Ktz TURTBARG TS T

cortical neur capsptosiom mmymmnsuqlw N, wlmhd‘éGFl etitideewabouk pfaoe mDth (die

1-) (HET), and DLK knock-out mce (DLK KO ,. wi.th or w thout NVDA treatnent.
Fi gure 53(B) i¥% cﬁ?tﬁlﬁﬁlgscﬁ‘%W?{gﬁeﬁé‘eFaé’é’BP%‘é‘s'gflz%byﬂﬁpl‘l’r“el ease assay.
| ncreased gur indalnoflore@ehdecal neurons from DLK knock-out mce foll ow ng

NVDA treat ment was observed conpared to WI and HET neurons. 30Fi gure 54
shows the effect ofFlﬁlf@Iéﬁﬁhthha’ié}wQ ﬂl‘@@OfStgmﬁrpf)degDLdKatmn igthereelhbedwat i on as

described in f oassoci at ed
virus vectors exﬂg%etsm r%lét Gﬁ(p&ﬁ?} &&%ﬁer alseG‘laci"or%lnan ate\rq‘é%g u{/eer}’form of DLK
(AAV DLK-LZ). Neur atigurexpelessithg cpid bsdiésiaf mineld), editivt fpons Jtight pariely);igJun and
GFP were quantified us i mmunohi st ochem st rg and fluorescence m croscopy

et hods. i gurtbe BESuHOULT K YEY OGS RaRIEHEPTRONT 45 AT A R Etoe o
i njected wsth ;o OOV R, emt%ﬂr&?mgb&egﬁrﬁfﬁgj ected to kainic acid

i nduced selzure as descr severity of the seizure was
measured over a thrI“@@rdnd)d’ushqmrthandxorﬁliﬁgﬂtlpmma&(ﬂﬁb%ﬂlmd&(I&%EaﬂdWEl\ﬂ'l ON
10A. Definitions term"target" is used herein to refer to proteins

and processes R 1‘\’/\HéhNQ§d‘ﬂP%Hdé‘?f IB@eﬁ@ﬁﬁ%" 9t B4 AR5 HEGFR anhibitry | es,
hi bi t d bed
horern. when dariSrpEAPEMITIROTER bERpRBS BbiclPEea LM TPy Cr | % i bi ¢

or decrease axhgerﬂmgleneratl on, but the targets of the present invention

15al so i ng¢lude pro elns pr cesses that, when activated, inhibit or
decrease @¥on degedefsE i P ‘l“é‘?tg@@é"‘b? AR degrpeAtioon Gampengt

fol lows: dual dheMeioa @hl@l?@ﬁtl -ReA 8o ditNISE adddukd the%&gﬁgﬁﬂrMLhﬁgﬁe ki nase
313 (GSK3(3), p38 mtogen-activated protein kinase (p38 epl der ma

growt h factor m@@m‘t(mrabs(eEGU(R)MS@hm&bhd\/lraommm}dm I3 (Kethasx L(N?ISB]4)5286
cyclin-dependent kA 5 §EHKS) 10 A9 58063 (sB239) in the axonal (Axon) or the
somal environment (Cell).
25 Figure 18 is a model based on data from the screens described herein.
Figure 19 shows that cell bodies appear smaller when NGF is removed from
thé axon compartment in a Campenot chamber.
Figure 20 shows that many neurons deprived of NGF in the axon compartment
have increased cleavage of caspase-3 and show nuclear condensation. (Neuron health

30  may be affected by the membrane stain Dil.)
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20 cycl ase, c-Jun N-term nal kinase (JNK), BCL2-associated X protein (Bax),
| h channel, cal ci unif cal nodul i n-dependent protein kinase ki nase (CaMKK), a
G pr ot ei woaoG/@ookei n coupl ed receptor, transcription Pagtuseo14/053596
(TCF4), 13-catenin, transcription, and protein synthesis. A selection of
common al ternate designations for several of these targets is listed in
Table 1. The targets include native, human sequences and 25 hom)l ogues of

these sequences f rﬂ%@kﬁyaﬁraﬂﬂ SSwirle?y 3 9&'@1 Lﬂ%ea D B YIRS

including all natu occutrring varia as a ern |veysp7|ced

and al l el i c vafipasdphostitkd (satm)rastheaeamlNGlawﬁmwml (e=pambaticher 2 ef 9,
Exenpl ary, non-limting sequence references are also provided in Table 1.
Addi tional seditddédeursiof NGawisklraea i the ell bedyataxoromngrgent. i sof or ns,

vari ants, honol ogu %ﬁpslﬂ

according to the p(r#i ué%t??}sn ti ogélln%&%?@ﬁggag%b%%@ %?S%g%ﬁs%a%%&g}?Tabl e
1 Target Al5t erphasphondavedsINE patpheastart GENGR mithdaeabg i=a)) amlmﬁtm[)ls?, @Qpegflnz

synt hase ki nase 3 30 .GSK- 3 GSK- 3 beta 3; GSK3beta isoforrn;
GéK— 3a, GSK-3 3@%&%@@4& %‘Z%W @%ﬁ%@ﬁoﬁﬁo@%@ﬁnﬁ Catenin beta-1,

bet a- cat eni n, CTNNE;g fed NBIhoNR tﬁ’ﬂ%%&@&%nber%‘? 2 02 &ARcNRO QL 820 aICF4
Transcri ption factor 4, E2-2, |TF2, SEF2, SEF2-1, SEF2- | A~ SEF2-1B

AAl 25085 NP_ (bip0ici3 x s, - ®613b9§br@\ﬁﬂ%21¢ﬂe @%ﬁﬁﬁ&lWSOﬂM BYB3021
EAV63020 EAV\BB%%%O%\A\BI OﬁAct D (%%N])) '\A‘Nélreze%?lg(? to@e cell body compartment. The

10 addition of the axon inhibitors (10 pM AGS555 (EGFRi) and 30 uM SB239 (p38i)) to
the axon compartment showed fewer varicosities, and the axons seemed to go straight
to fragmentation.

Figure 24 shows that there may be more functional mitochondria, but still no
elongated mitochondria, in NGF-deprived neurons treated with GSK, EGFR, and p38

15  inhibitors.

Figure 25 shows that the GSK inhibitor SB415 can delay axon degeneration
after lesion.

Figure 26 shows that, after global NGF withdrawal, 10 uM or 25 uM GSK
inhibitor blocks axon degeneration, but does not block cell death.

20 Figure 27 shows that EGFR expression is increased in a section of SOD1
mouse (Tg) spinal cord stained with anti-EGFR antibodies (right panel), as compared
to a non-transgenic control (NTG; left panel).

Figure 28 shows that EGFR is normally expressed in neurons (motor neurons)
and that the level of phosphorylated EGFR (pEGFR) is increased in ALS SOD1

25  mouse model (SOD1-Tg) compared to a non-transgenic control (Non-Tg).

Figure 29 shows that the number of axons is decreased in the ALS SOD1
mouse mode] (SOD1-Tg) as compared to a non-transgenic control (Non-Tg), and that
the phosphorylated EGFR (pEGFR) in the ALS SOD1 model partially co-localizes
with axons.

30 Figure 30 shows that the small molecule inhibitors of INK (5 pM SP600125),
CaMKK (5 uM STO-609), EGFR (1 uM or 10 uM AGS555), p38 (5 uM SB239063),

13



p38 M togen-activated protein kinase p38al pha (MAPKI 4, CSBP2, Crkl, Csbpl,
M3C102436, Mi 2, PRKML4, PRKML5, p38, p38-al pha, p38MAPK, p38a, p38al pha,
OTTMUSPOOWOQ02108082 cyt oki ne suppressive anti-i nfl anmat ecy/useag/obispeli ng
protein 1; mtogen activated protein kinase 14; p38 MAP ki nase al pha; p38
MAPK; p38 al pha; tRNA synthetase cofactor p38) p38beta

( MAPK11, DKEZp586C1322, P38b, Prkm |, Sapk2, Sapk2b, p38-2, p38beta2,

m togen activa i i 11:. protei.n kinase, mtogen activated

ki nase, 11, p3 %E‘%%@Q@eﬁﬁ%ﬁﬂ??c%ﬁﬁkﬂ{ gr%ﬁ%ﬂ?“rﬁff%é%%ooozssm;
SAPKJEr ki Ki naséepfivationfloQeed@gibh.vat ed protei n ki nase 13; p38 delta MAP

ki nase) p38gamma (MAPK12, AWL23708, Erk6, Prkml2, Sapk3, mtogen activated
protein kinase 12; Hegwedd skysthattteesmalbnelepnlg jnhisersnf BEFR 6K 62310 620407

WD 2011/ 050192RGT/ i | hafact t EGER
EGFR ( ERBB, ERE%HH%%B{O%%@%&C%%F ﬂeﬁ%‘u“%ﬁé&g‘\r{%ﬁﬂngﬁogeé‘ﬂr‘egcleguﬁgrﬁ( a vi 3a|

(v-erb-b) ancogene HagureBdghovisahit thy GidlhmolaQi1Dinhibir T EEIR) GEK, CaRIKK,
proliferation-_induci ng protein 61; epidernal %ovvth factor receptor) ErbB2
(CD340, HER- 2, IN¥ERnd pAd grolaqbpepticalpeyronyggainyid@iuiM ¢oteranes2/ neu pr ot ei n;

erbB-2; herstatin; Qi Qb I oncogene _hqnol og;
v-erb-b2 avian er yﬁgg@%?%@%@&ﬁ%ﬁ%&’%@? %Sa Sﬁgtgcgl\éﬁgx ngrlrrgﬁ%réﬁéocﬁ

(neur o/ gl i obl aginglien whardng &g inmangstehinidB) aghg arltibbB3s {etilfiBfa, E¢GERRop L CCS2,
MDA- BF- 1, M3C88033, .c-erbB-3, c- ercﬁ)BB, er bB3-S, pl80- ErbB3, p45-sErbB3,
p85- sErbB3, ergipanel), Berfonsighh esnedaHeddhetiog fofiranel).pad Sise! dotigm gight b2

avi an erytfyy obl.asfic | eukem a viral oncogene honol og 3) ErbB4 (HER4,
M3C138404, pl80erbB4, avian erythroblastic | eukema viral (v-erb-b2)
oncogene honol og 4;FigweépslorwstthatdSiliieisprpressed irkaxoas ef dnsaBrobt gangliosi ne

ki nase-type cerllel surf.ace receg{?o‘; HER4; v-erb-a avian erythroblastic
| eukeni a” vi r al“OFE3JEhe "NEBHBISY P RE™:; v-erb-a erythrobl astic | eukenia

viral oncogene homaligge 43 spAEAAA% NELOBRFINRL RSO RBRARLAP 958441
M t ogen-activated protein kinase 8 NK) Jun N-term nal kinase (1); JNK;
JNK1; PRKMB; SplRiiladdgNK doxal rodtNk@gBin surans taod)that alditionatfé (0 pg/atleEGFki nase- 8;
MAPKS; JNK-46 JNK-2;. Jun term .kinase (2); MAPK9; JNK2; SAPK; pb54a;
INK2A; INKZB; PRkR PRt S B e B%%S‘gﬂ ISJNK2ALPHA INK- 3; Jun
N-terminal ki nase (e DEBICA ol MG BRI Al PRISMID: A9SRL 2 L1209
FLJ33785; M3C50974; p54bSAPK NP 003609 CAG38817 I-%65516 NP 002741
NP_620634 NP 6ee85tp isoahly Iak ovithdfayal modtusal root deygbnaentronpy ot ei n ki nase

beta (CaMKbet a) CANKKA; VKK al ph r in: M KK al pha; M ki_nase |V
ki nase; CaM ki nase k%‘ﬁ%égééﬂwﬁ?teéﬁﬂx?ﬁ?“&@%( HLm ;188“1\/I arceva®

cal ci unt cal no ﬂ@)tﬂﬁl%%kg@ nBa B EinfllokdaN@Hul Kbraagflamb pha;

cal ci um cal m)étﬁl i n- ependeﬁgte protein kinase | alp g;

cal ci um ca%modul i nfdgpe A ewvspha dealdeyeinszirpekberaineg kinase((HG) aCAMKRIRM CAVKK
beta protein; Fg‘ﬁ%ﬁ . : ggw j na kinase hbeta: .CalVKK bet.a-

cal ci um cal nodul | n-gégg%%’edne pf thogli f]f? |S%’§§%n ?(t%r{)é@ssén lgg?cé);gmg will type DLK

cal ci unt cal nodubRbhedBpesntien INK adthatiork(ad aRasupel 18/, increased levels of

cal ci um cal m)ggllpi[ﬁl-d pendent protein kinase kinase 2, beta,; i

cal ci unt cal modies -OEYEZB copHgtedtn ol isek-tranpiseted yithggpaptrol plasmid or a

plasmid encoding kinase-dead DLK (DLK-KD). Knockdown of DLK expression by

25  siRNA in dorsal root ganglion, peripheral system neurons, protects axons from
degeneration induced by NGF withdrawal. The knockdown of DLK expression using
DLK siRNA was confirmed using quantitative PCR as compared to a control siRNA
(bottom right panel).
Figure 39 shows that siRNA knockdown of DLK signaling delays local axon

30  degeneration.
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NP 115670 NP_757343 NP_757344 NP 006540 NP_705719 NP 705720 NP 757363
NP_757364 NP 757365 N P_757380 dual |eucine zipper- bearing kinase DLK,
DLK1, f et avoantiigern21 (FA 1), P&, PREF-1, PREF1, ZOG, dektrarshiteasppetein
dl k, pQ&2, preadipocyte factor 1 NP_003827 ABC26857 EAWB1713 EA WB1712
EAWB1711 AAH14015 AAH13197 AAHO7741 P80370 Phosphoi nositide 3 kinase
P13- ki nase, PI 3K, Phosphotidylinositol 3 kinase CAA74194 Cycl i n-dependent

e G ¥ 00365 4 SRR ORISR GO
ATP pyrophosp HaLEkhymlesm ot NGfGaahdr@vahlﬁaMd sanpdthetic adurad depehyritioyedigs e;
Adenylate cycl %%ge (Eon rast mlcrlggc%lp}rf] toa\(/:{gug. 1|ze(;i ﬁe%rc?n%d ase 1

Figure 41 shows that knockdown of DLK expression using DLK siRNA

5 (DLK) protects sympathetic neurons from camptothecin- and vincristine-induced
apoptosis compared to neurons treated with a control siRNA (NT).

Figure 42 shows that transfection of sympathetic neurons with a plasmid
encoding kinase-dead DLK (KD) protects the neurons from NGF withdrawal-induced
apoptosis compared to neurons transfected with a plasmid encoding wild type DLK

10  (DLK).

Figures 43A-43D show the results of experiments assessing the binding
specificities of the anti-pDLK antibodies described in Example 15A. Figure 43A
shows Western blot analyses of the binding of each of the anti-pDLK antibodies
described herein to DLK, DLK in the presence of a dominant negative DLK, and

15 control kinase MLK3. Figure 43B shows immunofluorescent microscopic images of
the binding of anti-pDLK antibodies 318 and 319 to cultured 293T cells transformed
with DLK (upper two images) or control kinase MLK3 (lower two images). Figure
43C shows a Western blot detecting JINK and phospho-JNK antibodies in 293 cells
transfected with DLK and DLK mutants which lack activity (T278A and S281A).

20 Figure 43D is a Western blot which shows that the level of phosphorylated DLK is
elevated in cortical neurons treated with vincristine, compared to untreated (control)
cortical neurons.

Figures 44A and 44B show binding of anti-pDLK antibodies (antibody 318) to
spinal cord sections in wild type and SOD1 mutant mice at end stage of disease

25  (Figure 44A) and at the onsct of symptoms (Figure 44B). Figure 44C depicts Western
blot analyses of pDLK, pJNK, and pcJUN levels in human Alzheimer’s disease
patient cortical samples.

Figures 45A and 45B depict the results of experiments assessing the impact of
DLK silencing on phosphorylation of JNK in response to NGF withdrawal stress in

30  sympathetic neurons and dorsal root ganglion neurons; and vincristine-induced stress

in cortical neurons, as described in Example 15C and Example 14B.
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Adenyl yl cyclase 2 (ADCY2); 3',5'-cyclic AWP synthetasc (2); ATP
pyrophosphate-1yase (2); adenylate cyclase type NP_065433 1|1; adenylate
cycl ase 2w0Ohwaiosd192 Adenyl ate cyclase |1; Type || adenpCatus2ayobzsse
Adenyl yl cyclase 8 (ADCY8); ATP pyrophosphate-|yase 8; adenyl ate cycl ase
type VI1I; adenylyl cyclase 8§; Ca(2+)/cal nodul i n-activat ed adenyl yl

cycl ase; adenyl ate cyclase 8 (brain); adenylyl cyclase-8, brain adenyl ate

AT e el e s L G I
adenyl at e cyclabprced (PN GY6yithiklwii\ee2? )as derFiyédinedxapmlease, 7 ( Adcy?
AMOTTSS, I\/[;C141539F1g1?rg 2’? >éle}%i(l:ls (t:h%crl:s%%ts 0} gx%%ﬂr\r{LILt)é, assessing the impact of silencing
JNK1, INK2, INK3, individually, and JNK2 and JNK3 together in DRG neurons on
5  axon degeneration observed upon NGF withdrawal stress, as described in Example
15C.

Figure 48A shows the affect of DLK siRNA and control siRNA on the
survival of cortical neurons. Figure 48B shows the affect of DLK siRNA and control
siRNA on the survival of sympathetic neurons.

10 Figure 49 is a set of immunomicrographs showing the ability of an inhibitor of
G-coupled protein receptors (SCH 202676; 10 pM or 100 uM) to prevent NGF
withdrawal-induced degeneration in DRGs. _

Figure 50 is a set of immunomicrographs showing the ability of SCH 202676
(0.1 uM or 1 puM) to prevent NGF withdrawal-induced degeneration in DRGs.

15 Figure 51 is a set of immunomicrographs showing the ability of 0.01 pg/mL,
0.1 pg/mL, or 1 pg/mL pertussis toxin (an inhibitor of G-protein signaling) to prevent
NGF withdrawal-induced degeneration in DRGs.

Figure 52 is a sct of immunomicrographs of rat hippocampal neurons showing
the effect of expression of active mutant GSK (GSK3S9A), wild type TCF4, and

20 mutant inactive TCF4 on degeneration.

Figure 53 shows reduced degeneration of cortical neurons in DLK knock-out
mice in response to N-methyl-D-aspartic acid NMDA) treatment as described in
Example 18. Specifically, Figure 53(A) is a Western blot showing the levels of DLK,
phosphorylated cJun (P CJUN), phosphorylated p38 (P P38), and phosphorylated

25  JNK (P JNK) in cortical neurons from wild-type mice (WT), mice heterozygous for
DLK (dIk'/)y (HET), and DLK knock-out mice (DLK KO), with or without NMDA
treatment. Figure 53(B) is a graph showing the results of an LDH release assay.
Increased survival of cortical neurons from DLK knock-out mice following NMDA
treatment was observed compared to WT and HET neurons.

30 Figure 54 shows the effect of a dominant negative form of DLK on cJun
activation as described in Example 19. Briefly, mice were injected with adeno-

associated virus vectors expressing GFP (AAV GFP) or a dominant negative form of
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adenyl ate cyclase 9 (Adcy9, AW 25421, DI 6Wsu65e, nKl AA0520) adenyl ate
cyclase 10 (Adcyl0, 4930431DARi k, 4931412F17, Sacy, SAC,
OTTMUSPOOWOQ0R238B8882 sol ubl e adenylyl cycl ase; testicul arczaisabbeszdeny! yl
cyclase) NP 001106 I h Channel HCN1; hyperpol arization activated cyclic

nucl eoti de-gat ed potassi um channel 1; brain cyclic nucleotide-gated channel
N13 066550 1; BCNG 1; HAGC- 2 1-1 CN2 hyper pol ari zati on activated cyclic

TSl 0o S PO LA S B TR LE 8) achame
OTTHUMPOO0O00034AGZEP Wyt guinnified uziag irdmuasHistvaehtry and fluorescence microscopy
methods.
Figure 55 shows the results of experiments in which mice were injected with
5 AAV GFP or AAV DLK-LZ and then subjected to kainic acid induced seizure as
described in Example 20. The severity of the seizure was measured over a threc hour

period.

DETAILED DESCRIPTION OF THE INVENTION
10 A, Definitions
The term “target” is used herein to refer to proteins and processes that, when

modulated by agents impacting their activities, inhibit or decrease axon degeneration.
Most of the targets described herein, when contacted with an agent that inhibits their
activity, inhibit or decrease axon degeneration, but the targets of the present invention

15 also include proteins and processes that, when activated, inhibit or decrease axon
degeneration. Exemplary targets of the invention are as follows: dual leucine zipper-
bearing kinase (DLK), glycogen synthase kinase 33 (GSK3p), p38 mitogen-activated
protein kinase (p38 MAPK), epidermal growth factor receptor (EGFR),
phosphoinositide 3 kinase (PI3K), cyclin-dependent kinase 5 (Cdk5), adenylyl

20 cyclase, c-Jun N-terminal kinase (JNK), BCL2-associated X protein (Bax), Ih channel,
calcium/calmodulin-dependent protein kinase kinase (CaMKK), a G-protein, a G-
protein coupled receptor, transcription factor 4 (TCF4), B-catenin, transcription, and
protein synthesis. A selection of common alternate designations for several of these
targets is listed in Table 1. The targets include native, human sequences and

25  homologues of these sequences from monkeys, mice, rats, and other non-human
mammals, including all naturally occurring variants, such as alternatively spliced and
allelic variants and isoforms, as well as soluble forms thereof. Exemplary, non-
limiting sequence references are also provided in Table 1. Additional sequences,
including sequences of various target isoforms, variants, homologues, and fragments

30  may also be considered as targets, according to the present invention.
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cyclic nucl eoti de-gated potassi um channel

hyper pol ari zati on-acti vated cyclic nucl eoti de-gat ed channel
HCN4; hypwopoliznsiwat i on activated cyclic nucl eoti de- gat @edT/USp@iDASIHEIM

channel
Q7812 protein (Bax)

Table 1

4 NP 005468 BCL2-associ ated X apoptosis regul ator
NP 004315

NP 620116 NP 62018

3; potassi um sodi um
3 NP 065948

BAX; BCL2L4

Target

Alternate names

Exemplary
Genbank Accession
numbers

Gycogen synthase
kinase 3 beta (GSK3pB)

GSK-3pB; GSK-3 beta 3; GSK3beta isoform; GSK-3o,
GSK-3b2

CAG38748
NP 002084
NP_063937

B-catenin

Catenin beta-1, beta-catenin, CTNNB, CTNBI1

NP_001091679
NP_001091680
NP_001895

TCF4

Transcription factor 4, E2-2, ITF2, SEF2, SEF2-1, SEF2-
1A, SEF2-1B

AAI25085
NP_001077431
NP 003190
EAW63024
EAW63023
EAWG3022
EAWG3021
EAW63020
EAW63019
EAW63018
EAW63017
AAI25086
QINQBO

p38 Mitogen-activated
protein kinase

p38alpha (MAPK14, CSBP2, Crk1, Csbpl, MGC102436,
Mxi2, PRKM 14, PRKM135, p38, p38-alpha, p38MAPK,
p38a, p38alpha, OTTMUSP00000021706; cytokine
suppressive anti-inflammatory drug binding protein 1;
mitogen activated protein kinase 14; p38 MAP kinase
alpha; p38 MAPK; p38 alpha; tRNA synthetase cofactor
p38)

p38beta (MAPK1 1,DKFZp586C1322, P38b, Prkm11,
Sapk2, Sapk2b, p38-2, p38beta2, mitogen activated
protein kinase 11; protein kinase, mitogen activated
kinase, 11, p38beta)

p38delta (MAPK13, SAPKA4,

Serkd, OTTMUSP000000283863; SAPK/Erk/kinase 4;
mitogen activated protein kinase 13; p38 delta MAP
kinase)

p38gamma (MAPK12, AW123708, Erk6, Prkm12,
Sapk3, mitogen activated protein kinase 12; stress
activated protein kinase 3)

NP_002736.3
NP_620407
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one or nore proteins (or a nucleic acid encoding the one or nore proteins)
that activate GSK313 or the expression or activity of one or nore

substrat esoah11@3KB23. Non-1imting exanpl es of GSK3f 3 i mhrhiscawssiseel ude
SB415286, GSK313 inhibitor I, 10GSK3D inhibitor VII, GSK3I3 inhibitor VIII,
GSK3(3 inhibitor XIl, and lithiumchloride. An addi tional exanple of
an inhibitor is a "Gprotein inhibitor." A Gprotein inhibitor refers to an

agent capabl e of decgeasin he actjyity..and/ expression of one .Qr nore
Goprote ne or CEFSIERLETbdG Rkt et RN REF O laplErd of one
150r nore nucl RiGend€ bflsseTa@finfitg dupsdaiiia@irNardor i I ERogaRey 8y SBSCr easi ng
the activity and/or expression of one or nore proteins downstreamof a

G protein or aPAPERndeyganredycing gredueing padlityms gsiog ppemassie Hwhensilver i ncl ude
si RNA nol ecul . : . r ' eic acid
encodi ng a GSS?%{"EC’?I ?l/ogﬁﬁ'%%@%%gggeﬁt&gﬁﬁ%@%ﬁ%&@%gﬁﬁ%ﬁe ?’ﬁgﬁk{ﬁ%i nds to a

G protein dr GBORjques. aolawdlptoteinlirebuleeportei? gixeptithiterettrabinambeel, hsatt he
activity of a Ggrot ein or @gﬁlzféeag ,SCHZOZGtJG and . pertussis ,hoxi n).

Anot her ~ exanpl 182s6PnSpmAeRFRiof te npliral enyirgamentefifipprotsimingueson WitkapRds at hway
i nhi bi tor refepsehp @ﬂirﬁﬂ@?ﬁo@@@ﬁ@o@at&fprgﬁﬂﬁﬁl%e’}ggfa% h4bilope and/ or
expression of 'EGFR protein (or a nuclei'c acid encoding EG-R) and/ or

decr easi ng t hepuificatoini stdpt scdatell ierget proteinsps dswsiibed lgfrein e fogments¢hqpead) ei ns

that f ti d t f R i he .cel | . 0., p38 MAPK, _CAMWKK, d
3N Nor | mithgl e BE agiPogiek e JEAArek e LRE AP nni bi ¢ or s
of EGFR (eig., erl otd Aidlated WuRhasicidmBréule 9 RitRsd 4ol BORLAGHHADR, AGESS,

AG494, and PD168393), inhibitors of p38 MAPK (e.g., SB203580, SB239063,
SB202190, and $epidigdgud seppiated froppatdeast orgmoriamirangnuclaosibretgyle vetkd

i nhi bitors of P y L of . way
inhibitors i nc‘lldgilgl-éft gsn‘%ﬁﬁé‘??g‘gg’gﬁagﬁhﬁ%@%ﬁ%@éﬁgg‘hf %gﬁﬂg}lﬁﬁelg %c@@%e@%%g MAPK,
CAMWKK, and/ or AmplagedaueleiMéidmbleaild Botichdian dethe éaseortshing xpwkiekiitdn of one
or nore nucleic acids that encode a proteip that functions, downstream of
EGFR in the cePrnqarnglure. Q@iﬁsd B@“gelmﬁﬁﬁloé%w&k}heﬁﬁfﬁéfe %N@gmshﬁi f5eraiths onal
exanpl e ofjsan duafidicidholesuld asEVIRIst IHaRIrhIQENs. Ko wAMKQy i ARleid ef ers to
an agent capable of decreasing the activity and/or expression of 5 CAMKp
protein (or a ascheleeulamichidenmsttioasidoanpyleaeniaredde celbabitmedindrdy acti vity
and/ or expr essiXoIne of ﬁne or re grgt ins that f n{:nti on .dovx@strle%? .of CAMKP
in the cell. NORPY R PRY ERAHBIACETRARES TRARPE: T8 PECIFIS PG HOIENS Bodi es
and pepti bodi s atch@mos@aglilbdatiah Uiffebind ehomahitANKituradbeliss iARNAafple@gWh €S t hat
decrease the expression of one or nore nucleic acids that encode CAMKP or a

protei n that fistleled Birdeiq peidigiestlcdnpnedackipgimnd/or 3° flankpgtseguenessatifl e of an
inhibitor Jgs a,mGekSR donhbky " hnhibitor refers to an agent
capabl e of decrelasflf?:sgdot E%lmg%?{a\l/ﬁt@ag%gﬁlgi expression of cdk5 protein (or a
nucl ei ¢ aci d encodiAsgiscdlk&Gyinathel fooms Getageasi ragd tmbibdot’l refer Yo @ads espable
expressi on of %ﬁ) s mor e r.ot ei n@.tha functi n.dom%r.ea& of cdk5 in the
cel . Non-1i mYPHE BRI Y GRS PRORTHIZ B pHRIYdNSHETowi e and
pept i bodi es t hane3PEChE bkt oPlaRghid Ml kQiucAB thesdxBRAsi IR ESHl o8 Sndrdrat
decrease the expression of one or nore nucleic acids that encode cdk5 or a
protein that flggetironws dowhsexpespoo bl aupkas acids encoding embdirmaatdreetxanpl e of

an inhibitr is a "TCE4 inhibitor.- A TCE4 inhibitor refers to gn agent
capabl e ofzgdeé) FEse |S)nagS d:el?%%%% V' ;/r h%?nlclff l(‘)l?ie’g(%rperxglélgfeoﬁlt{?PdWE}yBP@{dgf’n 20( or

a nucl ei ¢ aci pepiideedive@icTdeiHhoRBEléN EhadEi@lceREhNBNAREsiRBIASY hidyotBid/ or
expression of inhibitory RNAs, small molecules (e.g., small inorganic molecules), polysaccharides,
polynucleotides, aptamers, and peptibodies. Antagonists or inhibitors of particular
targets as described herein (i.c., targets other than adenylyl cyclase) generally inhibit
30 ordecrease axon degeneration (e.g., by at least 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or even 100%
decrease compared to a control that is untrcated with the inhibitor), as described

herein. An inhibitor may decrease the activity and/or expression of a target protein by
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a gene regul ated by TCF4 protein. Non-limting exanples of TCF4 inhibitors
i ncl ude anti bodi es and pepti bodi es that specifically bind to TCF4 or a
prot ei n evoadadsbyw2a gene regul ated by TCF4, and si RNA molrasadiessishat
decrease the expression of one or nore nucleic acids that encode TCF4 or
decrease the expression of an nmRNA encoded 25 by a gene regul at ed by TCF4.
An addi ti onal exarrpl e of an inhibitor is a P-cateni ninhibitor." A

xprossi on of o peta B D BTN Wote R 8Py B BB A 550 e )

and/ or decr easiong) 65%@7&325;75% &OWQGW@DO%XM@SM@U%G&@@SQ%@QO EQ@&I&&@Q by
"P-catenin protein. Non-limting exanples of p- 30catenin inhibitors

i ncl ude anti bﬁP&SI%@dﬂéﬁﬁﬁl‘Bbf é@?tﬁ%ﬁ"t?@ﬁé’c‘h%1@:&‘Pt]fe§“e§|"ﬁﬁl theinpibiteat Ani n or
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ctivities of tar ets as descri bed herein,
and i ncl ude, $Aé @éTéﬁﬁEp T(%l%’? es peptides, nucleic acid

ol ecul es 15153ﬂWGGG’ﬂGQCtﬁ§GmTﬂ§@$TQ§E@M®O Qi) ot her inhi bi tory RNAs,
smal | nol ecul es (e. i norgani ¢ nol ecul €s), pol ysacchari des,

pol ynucl eot i d@CGaﬁﬁamTﬁGmﬂA@@tTTmsaQé@N&gbmsts or activators of

Gegener at  on, uhy TCATSA Qe BEATR T BRAT SN shEMRhls Epn i ar {arget s

descri bed her eiieG@nhdENK DRGjudeked TI GERCIGNAGE (BXOMAGRGERGSBNI IDINOZ2HT h
term "anti body” herein is used in the _broadest sense understood in the art

and speci fi callNrdEgenscaucase tasesiis e INKE sequensstafbodi es, rmnocl onal

ant i bodi esz,o pqd[ a0 ti bodi e nul tispecific
ant i bodi es ) d@fﬁf@%gg?%&%&gﬁ%ﬁrgé%g ;j §olqutr%|égo)?dgom at | east two intact
ant i bodi es, anﬁtA(BGdgT TAGGHENG BATOAGWK (BEQ IDHEO: 1 HheyN&SHE.hi, b s¢duenadesi r ed

bi ol | activit trabodies, . 25T " | i body"
dsed her oi n-r crgritnd Mk aduag SEC RS Th ST AR e B NGO @8
substantial ly 1@9”@]&6'0@@%]@-@%9@&1&373)'MKK4 eV, VA dist@dna PR i0€'S

conprising the popul atron are identical except for possible naturally
occun-ing nut a@hlﬁnéllhlmﬁtmﬁa@e peibpdiesibat binditora INBK paeteinife.g., aNthedics thaal

e or ont ope vedgrndREFkbY e PPRGIERISE PO SRR Tl Lo oo ©

preparati ons, 3oMhj4md 3Qm@hﬁ&aleéuég‘cﬁbmeraﬂj; rd] B HITNEG &dn a0@i esh-6di f f er ent
determ nants (epitopes), each nonocl onal anti bodﬁ IS directed agai nst a
t

singl e det er maAdRtunot)-AUKEA mgléer MKK 7 aialiibitprsof {Keas@yigy (e.g., SC-202673, SY-
CC-401, SP600125, INKV inhibitor, INKVIII inhibitor, AS601245, and XG-102, as

well as Catalog Nos. 420119, 420130, 420131, 420123, 420116, 420118, 420136,

30 420129, 420135, 420134, 420133, 420140, and 420128 from EMD Biosciences);
inhibitors of MKK4 activity (e.g., myricetin and the inhibitors described in WO
04/058764), and inhibitors of MKK7 activity (e.g., inhibitors described in U.S. Patent
No. 7,195,894 and WO 04/002532). A DLK inhibitor may also be a dominant
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specificity, nonoclonal antibodies are advantageous in that they may be
synt hesi zed so that they are uncontam nated by other antibodies. The

nodi fi er woenowisersal " i ndi cates the character of the antchasdgoia®sises ng
obtained froma substantially honbgeneous popul ati on of anti bodies, and is
not to be construed as requiring 5 production of the antibody by any
particul ar nmethod. For exanple, the nonoclonal antibodies to be used in

accordance Wt [ [ h bridoma net hod
Firat deseri el B S 0hee QYT h A PR HEIDEra RO S PR 20
r econbi nant Dl%nmﬁﬂﬁ ﬁé@tl(]é ﬁEl;n o2 aGinasdd&ad fhiat eNDLINQrotdin 36chs 71)2781 LK,
"nmonocl onal anti bodi es' % | so be isolated from pha anti body |Ii brari es
usi ng, for 10e¥X3tP II%LK’tﬂéz dlHini aqd de Igesdng 2ipReg dpmainofy &L&‘on et al., Nature
352: 624- 628, 1991 I ke 5

Ant i bodi es specific I y I'n ﬁpl%f&llﬁmﬁg&{%g ébpé%ﬁ}lﬁﬁﬂ-l §§ ﬁ%a ltﬁ)értl on of
t he heavy and/weferd ﬂoghhg@iﬂaapables)fueteéﬁsh@alhe i Iy @{d/dwsrpﬂew@m(m (ora
correspondi ng sequences in antibodies derived froma particular species or
bel onging to anq@&rq4cedﬁrmdla&ﬁﬁl§éaya@&rlda@r§asmg theprtivits gnd/oiihe expressionedai nder
of the chain(s ) pand| sequences
i n anti bodi es %1&0?\1}{89 %{3%11% o"%%réle%ae%?@g&lggﬂb ngr???lr?rc roteglﬁi)tth%er ant i body
cl ass or subclagsate GSKBBlok ﬂﬁsexf)lfeéﬂcﬁmta’étlﬁfy b oﬁﬂbfebﬂﬂit@&s opG3Kizged t hat
they exhibit the desired biological activity (U S. Patent No. 4,816, 567,

and Morrison eYorglimitingresempliae] GSHahiphibgers inguds: 13415286 SEK Besbibitedga) |

comr 1 i ngttar S b BHAT § e R QB ATT Rl GahtE R Rl S8 b e

non- human pri realgidee. 9., A d Wrld Mnkey, Ape etc.) and human const ant
regi on sequences. ANt bodf/ fragments” conprise a portion of an
i ntact antibody, suy¥haddgionpleexamplegsan Bibiion woiC-prtdinbihdioegidF-paEieof .

Exanpl es of aﬁhﬂéﬁﬂ&%efe sqggﬁgée%t J}J%tlg%%dgég %@g ¢l a:;% 1V1t {]Il%por eg re: (91 dA;f one

fragments; diabodi es | near an ies aln a
nmol ecul es. or mok& 6-jireteins ‘onGHproepa@iuplied r@ﬁlbtbﬁQG}?CRls}S(ou&ﬁd:xpﬂ&ssiidfiﬁofbiheadest
sense and specifically covers an antj body qgr|5|ng a heavy chain variable

domai n (VHY arfd 207¢ PYREC 2HSS Ficoding Ak @OH’M P&R), and{pradesrepfipe YevEtiyili t has

pol yepi t opi ¢ spagk Eilﬁésfsabn%%he&mo@rcﬁm@&ﬂv@qs@}émﬁbﬁyt}%&ﬁl d‘f%r@pérban one
different epitope on one or nore biological nolecules).

rrul ti speci fi c Nen-libdtyg ckimplss ¢l Gipooteipinlopes mqlmdecsdiNbend@sllegmlaltt ed as a
"bi specific a i bo eleI ant.i.bodi.es. incl ude, but ar t
T bed to fibereig e el RBGRss of a BB Shordia O et RSP Ken ana v
domai ns, ant 1@ BYdyor pEFEIRLS (HRUBIRIAS aFaBrotéil or GPER, oSLimiall HbRODELES
bi speci f| c di abodi es and triabodies, antibody fra I%ment s that have been

i nked cov8l erepydeghatiipfiibisoia Peity pf 2 CrRIPian GRIR (a5 eSTHRI7§and ef ers t o
the ability t(r)peﬁﬁs%fs'tgklﬁf”y bind to two or nore different epitopes on the
sanme or different target(s). 5An "intact" antibody is one that conprises an
anti gen- bi ndi ng varAmebleeexaegiloof asnhigitdr ias “BGHR ghthwah aihibioeNsiGR  donmai n

(CO and heavy c onst ant domai ns , 12, . CH3. Th const ant
orai sy bEHAE VaNB R, GaHe & COHETLHPA b ARS oS e chiingfae | ve
sequence conS_teaP,fe sHAR DR Brotd A nd€leR S RIANERGS: MEFR pHForldbgeaffe nd N one
exanpl e, the intact anti body has one or nore effector Tunctions.

25  activity and/or the expression of one or more proteins that function downstream of
EGFR in the cell (e.g., p38 MAPK, CAMKXK, and JNK). Non-limiting examples of
EGFR pathway inhibitors include inhibitors of EGFR (e.g., erlotinib, tyrphostin B44,
tyrphostin B42/AG 490, AG555, AG494, and PD168393), inhibitors of p38 MAPK
(e.g., SB203580, SB239063, SB202190, and SB239069), inhibitors of CAMKK (e.g.,

30  STO-609), and inhibitors of JINK (e.g., SP600125). Additional examples of EGFR
pathway inhibitors include antibodies and peptibodies that bind to EGFR, p38 MAPK,
CAMKK, and/or JNK; and siRNA molecules that decrease the expression of one or
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10" Humani zed" forms of non-human (e.g., rodent) antibodies are chineric
anti bodi es that contain mnimal sequence derived from non-human

i mmunogl ovol2orosboe t he nost part, humani zed anti bodi es paraShanompss96

i mrunogl obul ins (recipient antibody) in which residues froma hypervari abl e
region of the recipient are replaced by residues froma hypervari abl e

regi on of a non-hunman species (donor antibody) such 15as nouse, rat,

rabbit, or nonhuman .pri mat avi the.desjred.specificity affinity. In
Sone. | hstanceanof Bl fuf AieB0s ot RRLG B R Sk bt BRI b
are replaced hyligeg) ESPRNANVAPKN- OAMER, h@BoduES. Furthernore, humani zed
anti bodi es may conprise residues that are not found in the recipient

antibody or in the Amshiticnat ggeae of phéaubitasdy F TleaMKdrishibitgr'hé GANKR o
further refi neinﬁli%}t{ng‘%f%{s atfg%fa%r{tr@%}%glaeto%ﬁéc@e %%?ﬁeaéctivwgnﬁ&@nﬁeéﬁgn ant | body

wi ||l conprise subs eas ne, and typrca WO,
vari abl e dgmai @Awwoteﬁa@'r a nirdléib adid endorlp, C AVIK.B) laRd/whdeefeadhg tHRfactivity

substantially all of the hypervariable | oops correspond to those of a
non- human i nMMANGEI exrEssipna @neb meve pseipias that fuattiop dewnsedant ¢feC MK feinéhe hose

f h i l.i.n se nce. h ni zed, anti hody optionally al so
W compri s S SeRditeling SRR CAMBA ARG GFBOE PRIL SR SEspRPPRFon
(Fe), typical |t}iattsBé¥§ﬁ&il?'%iﬂal’lm1\i’I LDGHOA nhdlecule@ thdk HELORE 1@k AielForS €€,
for exanple, Jones et al., Nature 321:522- 525, 1986; Ri echnmann et al.,

Nat ur e 332: 323{328 or heR8uckivchclds dlstt apcode CAMKP or Sprotait thaBfupbtion?: 593- 596,
1992. The term "hypervari regi on” when used herein refers to the

regi ons ofloan%@ﬁg?aﬁbﬂ{ﬁ‘ggﬁeﬁabl e domain that are hypervariable in sequence
and/ or form struct Yy e%ﬁﬂl@@ﬂ?ﬂ iARBRor i!?@cmgﬂw@&!”a@'c@kﬁ RRIROr ROD

ri ses
am no acid residues froma "conplenentarily determning region” or "CDR
(i.e., residuds andgau cappble®b deaerdingIbe GTivitnandie ekprghdioncdfaidks patdim@re domai n
and 31-35, 50-65,.and, 95-102 in.the heavy .chain .variable donai n. Kabat et
o % eanencadnaid it ARRERE ) Mo BEe P erdSun Bt G o ROb P eal ¢
Service, Nati afiéde ptdisihs thai Rsctith ddeakidam Galdhestae cé\}D,N&Q%)tin%ré%Iﬁﬁlei bose
residues froma "hypervariable |oop"” (i.e., residues 26-32, 50-52, and

91-96 in the |9dghinhehginindads ayibedigoaral nepabrilicgha specHBaBg bind relcdkd, avll i n
t he heavy chaigr [ in: othia.et al., J. ML, Biol 6: 901-917,
1987). In bot hsrﬁggégg?l&t%% ﬂ\gagrq? %%afsee%]c%ﬁrle%m?ne%io ﬁé)émé)Feenuﬁherlfb%c%desd%agccor di ng

to Kabat et alencodeufdk®or @proisthusHeciond dowhgtreai@togicdksbel ow. " Framewor k" or
"FR' residues are those variable domain residues other than the residues in
the hypervariabl e ratidditionalexamplsiaf 2p athibitog 1s aa T4 ipibiternt § inpjibitor

"wi | d-type" antiRag¥n b BuAblbioP Gl LORRA &4 LG, G nce
that | acks one gr m)rrlegean‘i 0 agig seequ nce&gl fﬂ%%g{%%ﬁ@%%%p%ﬁe(%ﬁgg%ﬁ

anti body Vdri dnta axldiesad encdidmg|I§¥ddandltnukcreatie thangiityand/obogyesgienef al | y

has at | east one hypervari region . that. differsg i 1.no .aci d. sequence
From the am noter RS RG2Sy . S BLh R R I B FEBEn o
an anti body vaintiBétties ah PeR@o8RE tHAPSHBERANIGnIRYTCIRIR 4 5i6teh dMdbdedyReqUENCE
(i.e., anaturally occurring) 15anti body (including a naturally ocCcurring

al I eli ¢ vari argeye regplatgd byAiGFgoehd SIRINA melecules that decrease the expression of one or

morc nucleic acids that encode TCF4 or decrease the expression of an mRNA encoded
25 by a gene regulated by TCF4.

An additional example of an inhibitor is a “B-catenin inhibitor.” A B-catenin
refers to an agent capable of decreasing the activity and/or expression of “B-catenin
protein (or a nucleic acid encoding “B-catenin) and/or decreasing the activity and/or
expression of a gene regulated by “B-catenin protein. Non-limiting examples of f3-

30  catenin inhibitors include antibodies and peptibodies that specifically bind to f3-
catenin or a protein encoded by a gene regulated by [-catenin, and siRNA molecules

that decrease the expression of one or more nucleic acids that encode (3-catenin or
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exi sting am no acid sequence nodifications (such as insertions, deletions,
and/or other alterations) of a naturally occurring sequence. The terns

"Wl d typEQ201IWEpiv2"Ww ," and "parent” or "parental" ant pboas20mpsizes used

i nt erchangeably. As used herein, "antibody variant” or "variant antibody"
refers to an anti body 20 that has an am no acid sequence that differs from
the am no acid sequence of a parent antibody. In one exanple, the antibody

vari ant conpri es a hea chai a bl e in or a t chain variable
Hormar . hout g et e S S03ah m AR reo S OB et st Pt S
variants necessari |y Ktﬂﬁ%nhﬁéc%mb%?ai&%ﬁlﬁﬁ%“%ﬁedy@%@ds& ahi¥itop P A4 arity

with the parent antibody. In one enbodinent, the anti’body variant will 25
have an ami no asleind CS@@erlﬂiubltherfmSa@@m@geﬁs@@t&bie bédesraakiag theGOdyignd®raci d

sequenceldentlt simlarity with the a i ther the
eavy or |1 gntopieste hiendeld st ARG BR ot BRBER FoP b Sexcanmi e,
about 80% t50 | 2a%r ibaeusikAfe adikyh@baiskp &%ﬁ@fdne@sniomﬁotm@%at furemmbout
90%to | ess than 100% or from about 95%to | ess than 100% The anti body
variant is gerfbmsvfyﬂrrbﬁ%admdtcmw theesll.oNen-hmie aomples of adenglcdyelase
alterations i ] | t her eof

An "am no amg 'B{ugr(rga an{l ?dgrs ?Be ﬁSEM’QF%P\égf ﬁagglziﬁ!l“%%%g%?ﬁ%%aqsﬁence of
a predet er m negdamMe nﬁﬁéodles aguentese E&eﬁple@mn dtlohe bambenficlelttcldd €hat
insertions, substitutions, and deletions. An "amino acid substl tution”
refers to the G6pfdcaAdemd ayclese ona Pesksia thehfmgtigms dowastepamentiadeny! Fyslage.
predet er m fied AdishaPGlathrRRM S0 Yol AHRIBRIincl i bR AM R Afiifl
residue. A "replacenent™ "anino a residue refers to an am no amé resi due
that 5 repl adbsagivitg ubstenylutyelsseaiagt, Heksaimand N&dil d7Tesi due in an am no acid

sequence. The repl acenent .residue may be a naturally. occurri
non-natural |y occuraﬁ’ieﬁﬂmémag%”s c¥'d of Vﬁ%u%suseéﬂeremﬂ et L ASRYS 8%1 ¢i%hserti on"

refers to the jhabiRdUsab@RuRl oS REre FPIR 28NS Fdrfets 85dedUaRdhbleh, @

pr edet erm ned am no acid sequence. The amino acid insertion may 10 conprise
a "peptide i nswdtpcdde, fon exdmmie aghbalics. Mémqpﬁéescmmﬁmnm@el@ ad prolasplea ani no
acid resi dl%es éhoft rﬁﬁerfer %@As QSMAQSB\R&' oghe 1bn[t qgﬁ'&edmgﬁlmolecufes (ge 21 nvol ves

predet er mi ied “Am no- acl § sSequence i no EEl nser

insertion of anp@ihérdenic InbEchl@@ﬁpdlﬁdcd}ﬁﬁﬂdsdﬁ)lwﬁwebﬁd@ﬁzftﬁn@érgdm@y random
mut agenesi s such that it has an am no acid sequence that does not exist in

nature. An amiRfBURRNG- AloBpROr astivateny dcadrmyld cx@wﬁéﬁ%flb@dreéem eefesdly refers
to the int rodqﬁﬂlbg@r erSUOHn b ARy Jgifl Wik a%Bm&QBfeaﬁ’lb%th AGbih&gsi dues at

the N-term nal [or C-term na a hypervari abl e region, such that
at | east one q.farttduéir tanwcmmbﬁ:d hﬁE][ﬂ @@MnmSlmm agiivate msiddg,ﬁelélsa)loﬂ orns a
peptide b 0 acid resi due%ﬁof t he

hyper var i g')@l e\Mr egi Blh ‘?P“q&a %aj herﬁ’@AS “??Qt‘%ﬁ]ﬁlbf‘i?g'fﬁsééﬂ}s? PRdsreieRdqg T

resi due” is onmadepseriarly chvetrshﬁ)&%lﬂﬁlbCinﬁ@t%ﬂb&ﬁéﬁfr@h&dlorﬁ@hﬂ%@ﬁsfrom t he
group consisting of: alanine (Al a); arginine (Arg); asparagine (Asn) ;

aspartic acid R kel Wb@@?ﬁa@opmylﬁc gntahosimsnéulpenqqyﬁc aglibadagsi(egaci d (A u);
glycine (Ay); b1 e§1?k/g{1 %d ﬁ&k%ﬁé%%?w“ e?cl aIiltlb%H%% %St1§c!2§rlﬁargme>{t§l ne

(Lys); nmethioni ani ne Ine ne-{Ser);

thr eoni ne (Thrp)rovﬂeﬁithmph@pﬁxamu(tﬂ'er @sired mm;glcabac«tﬁw,)and amdbodits. ne (Val). A
“non-naturally occurring amno acid.resjdue” as referred to herein is an

am no aci d>r esi due 'GEHER TraRrclopy) Satibady pHrey heremuriersiy apApRod4ePEInEdsi dues

listed above, whi E:Bo ﬁatﬁ)lﬂlo? sﬁl%taﬁﬁéﬂﬂj ]%(J%)Qn&luggntﬁ)@ﬂﬁgqgt HAThiAidag d

residue(s) in a polypeptide chain. es of non-natdrally occurring
anm no aci d r esintb@&kes aeuipudieg the population are identical except for possible naturally

occurring mutations that may be present in minor amounts. Monoclonal antibodies
are highly specific, being directed against a single antigenic site or epitope.

30  Furthermore, in contrast to polyclonal antibody preparations, which include different
antibodies directed against different determinants (epitopes), each monoclonal

antibody is directed against a single determinant on an antigen. In addition to their
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30nor| euci ne, ornithine, norvaline, honpserine, and other am no acid

resi due anal ogues such as those described in Ellman et al., Meth. Enzym
202: 301- 386,2019B0192To generate such non-natural |l y occur pcmg/sanionsssaei d

resi dues, the procedures of Noren et al., Science 244:182, 1989, and El | man
et al., supra, can be used. Briefly, these procedures involve chemcally

activating a suppressor tRNA with a non-naturally occurring am no acid
residue followed .by. in vitro.transcription and t.ransl.ation.of the. RNA
Throughout ¢ hi ot Gulbab® arEPRR Rl O RRov TR R A s A5 R £ ¢ om
SKabat, E. A.,soghatd@hey.arc@mtusiamamtcdiby iRl ahttodRk. ThImoaifes Betoclonhier est
(National Institutes of Health, Bethesda, MD, 1987 and 1991). In these
conpendi uns, Kadisgtes the chargsignpf theiantibegtyiag beiag oblained fiveya astaiindlyes for each
subcl ass, and | j st . | v ES ] ] i.d for.each residue
position in th}gdtﬁogﬁ%iag @§%§§§%§8§IG§%§§55{1@3% %{Q Oggt&% gr?lg Fleg?%{arm esi due
nunber to eachpradicrion afthd antibody by afiyeshrsctpiemtignd. doelexddnpld)itlse meidattall or

assi gni ng resi dug nunbef)rs has become standard in the field. The Kabat
nunber i ng schetEbPdieygIor giRldn prFordimes WER Sensescriinvangen pay ppgwse by teni s

i nvention, 10 @$5h8Ha Ffhod st ALNTRBESDy! o erCR AL Kl z@@hb?,q@ys,adm paci d
sequence that 1's not included in the "Kabat conpendium one follo t he

fol | ow ng st epsadeCGamreromitinant DN iwethdddateg e ge U faent Noat, 8 pnesd ). wikeh any

i mrunogl obul i n, sequence or any 15 consen equence i.n Kabat. AlLignnent
my be_done. by TRIHAOBH aB)PosEiiy ERARE DR G oHHON b ceWL DRl ik, o
progranms, chrexa@ptep@le/eéchﬁgue% REQBE@M CALILSRERNL NaRYe B2 6aCé18 | 3 1ehdPy
usi ng sone am no acl d residues that are conmmbpn to nost Fab sequences. For

exanpl e, the |Matks cald/HdehFiod RaR381-89¢H¥Ypi cal |y have two cysteines that
have t he sane resi . [.Sie iR ommin the two. i nes. ar ically
at 20 residue numﬁiglbg@ggﬁgglgg%l&énéu&n %ﬁ%erin%ﬂ%BAn@fe%)ﬁ?hng \%c? Ogti})gltot(gi}/}%e

resi dues are thepicaldior light chaintieidentzzal adttl oPRomblbgimBue tdirdspaidiigasqamnsr al |y,
but not always, have. approxi mately the sanme nunber, of residues, however the
CDRs wi | | var y"ipiydis depd T apraculprsedies rdsenginede eortieylgiantibedindi dat e
sequence LAl digs bpNBehsd Afle i SofRiRd b HRGHHRAYRIEG Y WERHhohBigBlen 11
is aligned, typically suffixes are adéed to the” 25resi due nunber to

i ndi cate the itnsemtspomling seguitices inmalibadésiddues] frdfoanaberdpatidser delqugng es

that, for exanple, align with a Kabat seguepce for residues 34 and 36 but
have no resid 0%‘8?%%&&%%% E)Ubgfaisi;ﬁs V/Vmcﬁlﬁs ﬁ%’il?ﬂfe(’f%%? FRROHEBEY IS | o
si nply not asshgneg dkBiba ﬂﬁeewsﬂétebio}ﬁgicmdvilaegﬁsmat@lmmmt,khgsim;w'ld h a _
"high-affinity" is an antibody having a KD, 30or dissociation constant, in
t he nanonol ar Niamgson efrigel . Merl. thsad. S8 KES.4j fil:657d -683an5i¥4)- SFhimarige or
better" b ed. L i J . . about 10.
The term o | nootiue dhedHein BORREphl el MRS coPRRg b AR
di spl ayi ng a hisheirogeigeubingink spephdcd dedvedifien s uoi-ageagmtnata¢d.gdek, w t hout
limtation, fl, f |, and ML3. The fil anent ous phage nmay contain a
sel ectabl e narW@‘flgMngeyaépf”eett?'bWé}W ORI FCLIIFEHREGS:  Var i ous .
filamentous phage disghy fﬁagﬁ{eﬁt@scaﬁgﬁs\e%ymw%nma& hesRdPfsuabid e 1n the
art (see, e.g., Zacher et al., CGene 9:127-140, 1980, Smth et al., Science
228: 1315- 1317 ,antigg5hinding oPeariableyeg@on dikteof. Govampk3 03 03:it®dS fradr8@8) include The
term "pal m.ng". i S.us to refer.to the multiple rounds. of Screeni ng
process t?gt iFsabquag)d%?%b Ph@%ilﬁefmgﬁfl a‘élﬁ%‘?ﬂj%e&n{i“ngﬂl{ﬁ’f’al(% aB?“Bﬁ!rﬁ'gfg‘@mcarryi ng
conpounds, suGhtiBslyandledddi es, with high affinity and specificity to a
target. 10The term "short-interferi n‘% RNA (siRNA)" refers to snall
doubl e- st randed RNASefdiay Muykipedibie antijiody;” igaprsl ia s eadesisensgiaplAs ar e
medi at or s of y r ce.. [ l,e- st ran RNA
o1 I ences homol Bas e e RERhI L BRERRR R Rl ANE B i GRF6R o
si ngl e- st r andegghRitan aifiablb dutnaibTVZh wheel toV i desnit Maslpehgpitopid@iecifioityn a
dupl ex, W{yOCh (Egyislcgp%%fédo% b1sr1|d?nggI tg-rr;s(}rg ‘S'lgg ?)rqe different epitope on one or more
biological molecules). If the multispecific antibody binds to two epitopes, it can be
designated as a “bispecific antibody.” Multispecific antibodies include, but are not
limited to, full length antibodies, antibodies having two or more V| and Vy domains,
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15 overhang(s). Processing of the double-stranded RNA by an enzymatic
conpl ex, for exanple, polynerases, results in cleavage of the
doubl e- stwandadsRYMA t 0 produce si RNAs. The anti sense st ramased1obssosi RNA i s
used by an RNA interference (RNAi) silencing conplex to guide nRNA
cl eavage, thereby pronoti ng nRNA degradation. To silence a specific gene
using siRNAs, for exanple, in a manmalian cell, a base 20 pairing region is
selected to avoid ¢chance conpl enentarity tao.an. unr.el ated. . RNA
si | enci ng com?né1§8®ﬁ engsesglﬁl ?sdiri tF ’idé%v’isﬁ:vt’ H’é‘g%cil?%’ %153% lcag',gbofdbeis a4 anpl e,
by Fire et al.uiabitids! sntid8dy F0EndhlslthatiROSbecaNikdLMyAKELEr in-coviNaitly. Rev.
Genet. 3(10):737-747, 2002. The term"interfering RNA (RNAI )" is used
herei n to ref efPobgpioriosisridicityeforsindarahiitn te meeilicgllihind to tyoamargt i ¢
g)e(grada.“ on Ofdiﬁ&%ﬁ{efp'itSPél%Mﬁe saﬁ{é%rtdﬁfbﬁcﬁ?ﬁgé?@).used. to inhibit/]ower .
pression of a partrcular gene. used herein, the term "di sorder
in general efers tan dnuactandbddydnodelthidt comptisks aeasiden-bindimg datable iegion Wi t h
the agents or inhibitaqr f the present jnvention, inpcluding any disease or
i sorder ¢ hat IS adiedhthisi %lysté?tfd@mw@bm}ﬁw i sonstantdomaingfon L t he
targets descridedaReeet NMTHQlon@Ghil dbataRis SnaytR nhiie &a&&lc@&or@gﬁ%ﬂdmﬁ&g, ase) .
Non- limting exanples of disorders to bé treated herein I nclude those
li sted i n secthwmnmbatye seheense ewwtnt dopmping at komo abid| sequenddrenrtaptaitisreof. In
"treating," "treat rrenlt,t" andt"ttﬂjera %/ as usedeé{ne{?ei n refer to curative
t herapy, pr ophYAC&R# RIS e fil an HSYB SRPERT BT A IFIRL (US9Sconsecut i ve
treatment @y adm ni<g$tuhahized forhesBndnhint83¢ Pe Ride@ aiboliRa Gt Birfldic! Y basi s
W thout interruption in treatnment by one or nore days. Intermttent
treatment or caMPedieythaitdopain winimaleaqueaer depivedfiaimos thusan gnmupogiebulin.
intermttent f ' | lyve, but
rat her cyclic L?"Er‘]‘??a %srt é&&%u@gb%g%%&tﬁ%@%?%{e%ﬁﬁ% njflﬁlggor%?@glgg&g#&fe %te
i nvention can anebodyb i which nplidakefromlalgberodriably regibn oMmha retijsiaass: replaced
condition, or partial aneljoration of one or nore synptons of the disease
or condition, WrEseuss figa 3 ByRsbradRYe Heiqhet! panaduman peectss (dpags antibpdaheh ng
axon degengy atjsQibuse, riR! BYERdr AOIBIL PRimb ALY SRER Ak RB 's'pe'éi!re{? Rld drfigimaxon
degeneration,” or "inhibiti'ng neuron degeneration” as used1 erei n 1rcl ude
(i) the abilitinsomeiindtarses. famepoduregivn fdresduas ofitherhuthey enenadglgnlinnare
patients new y di agnosed as _havi ng, a neur.qdegener ati ve di sease t risk
b devel op no OGN HerPswendnbP A felti SRS a TR el nonET AR fbo s,
i nhibit or preaMgndonfphisé Reiduax@nt ¢ ndigbidnn dRgenseAtdndPodybr idthe @Bh& Who are
al ready sufferi ng from or 15 have synptons of, a neurodegenerative
di sease. Prevertibedy. dhbste Bedifeaioanmdi e medetoi farthar rfing aasbags pedemnange. or
inhibitin X g%qﬁ? §.Q0: | C r L zed
conpl ete %roapg?tglgﬁaﬁrﬁﬁlr}l{%?lg?lgllﬁ on o lﬂ(t'r)l(gﬁ?l(l)lnc\é{g{rp 9‘2&%@%@3‘%&2@? %{)lggsjt IZl"‘ﬁel’ %Q c%:lan be
assessed, for tepieatlyltep, Wayiableabyains (Iedb, Ay Khiogy, Eatc, Funmt witich allTbe
above-|isted te{)ms ahso iﬂ&ll ﬁde in vitro and ex vivo nmethods. Further, the
20 phrases " pridosittiatyai alihs hyrfaysialedeqrs sorresnand todhessiof : Rgh-Rwnadn
degeneration” jhRAGIYEIBLAHCIdI NV BibstANalV JIToESPRSSre st B BRbA € neuron or
a portion thereof, Such as the neuron cell body, axons, and dendrites. The
admi ni st r at i orimgfunoglebwin seguasce gEret humanied entittedy optamelIn alvayilt emupriseian  at

Lesst 2,108 oL oga o ol LRGS0 SO, RO 2000 S0 A0 S5
one or nore (&mgunodlobdin. For Aurther ddailsbee, Jor XamPle, FNMBPEQNBNOEr@321:522-
525, 1986; Riechmann et al., Narure 332:323-329, 1988; and Presta, Curr. Op. Struct.
Biol. 2:593-596, 1992.
The term “hypervariable region” when used herein refers to the regions of an
30 antibody variable domain that are hypervariable in sequence and/or form structurally
defined loops. The hypervariable region comprises amino acid residues from a
“complcmentarity determining region” or “CDR” (i.e., residues 24-34, 50-56, and 89-
97 in the light chain variable domain and 31-35, 50-65, and 95-102 in the heavy chain
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di sorder of the nervous system a condition of the nervous systemthat is
secondary to a disease, condition, or therapy having a prinmary effect
out si de oWotzbha/msersgous system an injury to the nervousPsyaisemmonsissed by
physi cal, mechanical, or chem cal trauna, pain; an ocul ar-rel ated

neur odegeneration; nmenory |oss; or a psychiatric disorder 30(e.g., trenors,
sl owness of novenent, ataxia, |oss of bal ance, depression, decreased
cognitive funcgj. t I -der r :
conf usi on.  chaEade dSR8E: KARL M J SRkt A oy ARR B IRA ol SR 5t o1
perception, seidiPubld Hyalth®etadess Nationalizassesiofl Hexith, SeihesdasMDIUsel )anweakness,

muscl e paralysis, nmyscle cranps, nmuscle spasns, significant changes in
eating habi ts,th%%?(,r%_%‘i‘%e\? Ofl’eaampyﬁ?r_"?&rgf’fﬁll?ol? r{gsﬂfﬁS‘é}l‘? %?s PBg; and 91-96 in
hal | uci nat i onspe fighil HME val A& dRRiR an IS, Sﬁﬁysf‘ancfb@ﬁﬁtih\(l% %a%géﬁgp, o

d shado or m ssing

headache, rapid heart rate, dizziness, blurred vision,

areas of visi orriabledamenpObqbiazf ali,wpsdol Bérlt 1960000 1161 198731 Inrbotidesesetised
recovery of visual, 5function after ex sure.toﬁoglgi ht Light, and loss in
Vi sual cont r asPrEURAPBROITYS e A e R B OGBSI Pt SFbaT eestin
control subj ech nRfre BARBYbAHWO RFahdlvo kO RS “FIR rekiRG& AYethbRevAPiBle @bmARS € agent
descri bed herei r]él The@?cﬁm rg@tst r‘c?tl Qndpgib one pr]@rmr_e ag%ntagdsfdgj/crl bed
herei n may redafigudsgthgt thap fagtreydueg 9 yesagasiapls regionsgs hexsgsdelin 20% 25%
So5e 5% a0% 455%, S0 S, DO 5 IO 50 P, B a0 0% o 10
even 100% decr ease) in(gt e nunber of n rons? r~ neuron od?%s, £4Xons, or
dendrites toheratihg adibh adquelngens lakeondorandie wniid doiel@inbOltepitionH cénsaidy ect
conpared to the nunmber of neurons (or neuron bodies, axons, or dendrites
thereof) that '88BaNEhody aariant ALkiren diseigeidarigh et Parent gnidhody generallydies pls not
i ni ot rat1 on o} ORrPen B Rich o BIRELA PR EHI PERUIRL Bl Mg acid |
| east a 10% decqeaseofthe cprrespandimgdyperiaigbl2@eton 2554 aiBD¥gly Sbbant. 4084 45%
50% 55% 60% aGS%fa%lm%ﬁ _75% 5310%0 85(V?1.V906% 95%; or evgl} 100%&ecrea§e_) in
the |ikel i hood*6f" BEVRP BTWQ §BREE A DIWHE HerPIRE L YSIEHT®) condi ti on
of the nerpsousing¥sdyqMcidddle 4 fana@GoRdanhgblel® FHERRDR an GRATHIY WoR.prQr T herapy
having a primary effect outside of the nervous system an injury to the
nervous syst erfixisiig agingyacrigepippst wadificatonk uck ay insestionshéaistiva. and/guether pai n;
an ocul ar-rel Neyr i.on: I SS,..ar_ . /bl ¢ ~di sor der
in a subject gatrltg%tlglﬁsgjog%? gg%g&?%%%ﬁ %ggrfglz%%;r ett?)m?as %ﬁltt%g%/ subj ect” or
t)opul at Id on _no:antlr‘ﬁmémdov\#ﬁakeélteﬂ’@m!hedm?wﬁﬁeagﬁﬂtlgai@tsa_(bﬂy.bed herein. The
erm"adm nistering’ as used herein refers to contacting a neuron or
25portion thereof vﬁst“r??%?ﬁr?lﬁhiaﬁf’l?%ily vaEa e RHRY ARy nicterhiosan aptpeftes
her eof 1 o pr o e e B e g e e 4Bl i "
whi ch a neur oranb'bOCicyorIm prexahpteetiic ansbaiylvauarg domfiies b deany chauvernidblas used
Sorm, and o YA L) RGeS TBY SR ch Tn
general, the maprmihhytued SyRHKEMMts Rk&R@lS havedeAMHENBY, deQudndeidetidy opody,
and axons, by which, in general, the majority of neuronal signals are
conveyed fromstmidarieith pesogarengaibpdist brong embsdiment fheastibedygariarietitions or
contrai nevous SALyEARHEN s ShaVEh LBl LSO LS R o R e R
from t he cent riddntinesrsondarly sitanie: dntine hdie eéquen@elf kihd elid leaensr 1ht cRatOr
neurons). O her ur.ons g{si nat ed_i nt er neurons, connect neurons W thin
& e i

the central nérUdisdepape kenintibpadys (F Pl abebt tHva o legsdhangl 49%.

from about 85% to less than 100%, from about 90% to less than 100%, or from about

95% to less than 100%. The antibody variant is generally one that comprises one or
30 more amino acid alterations in or adjacent to one or more hypervariable regions
thereof.
An “amino acid alteration” refers to a change in the amino acid sequence of a
predetermined amino acid sequence. Exemplary alterations include insertions,
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5 specific exanples of neuron types that may be subject to treatnent
according to the invention include cerebellar granule neurons, dorsal root
gangl i on wewnarsp19and cortical neurons. The term " mmmulPCTaAS2u8835her ei n
refers to any animal classified as a mammal, including humans, higher

non- human prinmates, rodents, and donestic and 10 farm ani mals, such as
cows, horses, dogs, and cats. |In one enbodi nent of the invention, the
mmel is a h %xmﬁ%%g,‘ a{ﬁg%glreﬁéﬂsor)ﬂtn Lathifd d%tsﬁtﬁﬁoﬁm %:ﬂrs tgrgl% r%é g:?xge%t I)iu rther
t herapeutic agents includes sinul eous (concurrent cutive

admi ni strati oran erxrsuagrymnrodae'rd resiuc'ia hfpegieievrRinadrom o acidsequenagwith tnghidrf i Ci ent
to effect benefjcial desired 15therapeutic (including preventative)
results. An eff EFWV@“& fesl4f be administered in one or nore

adm ni strations. A« ﬁ&ﬂbﬁ?%n’ﬁﬁ& 6dif resrdae réféler@efzf%s acilGedique i€ | ine,”
and "cell culture" are used I nterchangeably and a suc% esi gnations

i ncl ude pr dgenyplaéﬁlsuswmﬂntete\wancdher amismafidreseEnt s1'anaandnd teidpsfuenceedheel | s
include the primary subj.ect ce]l and cultures 20 derjved ther.efrom w t hout
ogard for t haeEAsR BHO0E AL s SR bt SO LS R RERE BRMOpr ogeny
may not be pregigeiyud. denti cal in DNA content due to deliberate or

i nadvertent mutations. The term "progeny" refers to any and all offspring
of every gener at i of\is{#gHeERfehinserioryretars @rthernrryduqﬂamgf@rrermmc@eammracmlel I

|l i ne. Muitant h IO biol ogi cal. activity as
screened for F}n nggEr)I gr;er(rigﬁg ﬁgmg@%?glﬁs lcc)lrsgI %eeﬁh%é*%“ e'q ac“?m eA MR smal |

mol ecul e" 1i0s defripriesa f;&lpt—idd‘hnb@hdﬁl&’\fiﬁ whidha&Ca hepiti dved gt sinpaive wr atoddlimihe 00
Dal tons, for exanple, bel ow about 500 Daltons. Small nol ecul es may be

organic or i n@r@arﬁrléuesa%ae%yperﬁedr ondéy é‘dnﬁr?wdff’&théi?ﬁﬁ%‘le’émn%%’@end
libraries or %rdtgea&ene@ume%,m@ermrrem dsemoﬁélgg,ﬁiveprns ltoh}s h}épﬁ%dk QR Of known

conpounds. 30" Aptaners" are nucleic aci tertiary
structures t hdbsesipépépftide alay pe germdatdxbbsarahermgetutageﬂmrswhé; thaluchasam abdi® t ar get s

descri bed her er The e(LOatr otn and t her a‘geutr cu dgal rs are well
establ i shed i rfwl[ HEIUERe T?‘ E0CS BOLGXISLY T@Hurg, R AIGAC! Tﬁ’?%‘o aceﬁtpﬂ aner s

used in the i mygan@blC@giohNEkeR tﬁpﬂrnfou&@lonrau@drﬁ%hs&egf&eogmormrﬁllnel c acid
anal ogs or derivatives) that are stable from degradation in vivo. At a

m ni mum the rigidiresiducsel Gie hpleeenplendar £-desingrrad of ® hiereuitble c¢gien, bychst abl e
invivo, for Elha'ftld{ fcehsg og(m) dtil? H}%ljf'ed 0& /r%;lafg%{nmtlt arr?{n!) o re'&sdug(g)ﬁr’_‘(l)%r:ng a?gptndon to

take pl ace prior egradati on an I'm na

exanpl es, suctbondielitalid Macrhfinabogs el bﬁnlﬁﬁic&ﬁl&:@ldué 6k hyyer@riablp

consi sting of phosphorot hi oate, boranophosphate, nethyl-phosphonate, and
2' - 0- et hyl gg‘%’é’q“ﬁ tPanal ogs thereof. As a specific exarrpl e, the anal og

can be 2 '2@eoxy A +HARkEAr y%rﬁ%% afiddWRld residue” is orPeeé%bcga c%E@c Rgptide

sequences l'i nked to an am’no aci sequence encodi ng aftra or pOI’tI on
of an i mrunogIgem;alﬂwermteédwhethegrcelpr@emlstnhg oi(hlfmewerfa)ezsgmmye (Aeg)der ived from
random zed Se%lsjga?e(l:g?rlse (%%L)e%p% ic axrlzlda(& p) cysteme {C%fs) glutamine (Gln); glutamic acid
(Glu); glycine (Gly); histidine (His); isoleucine (Ile): leucine (Leu); lysine (Lys);
methionine (Met); phenylalanine (Phe); proline (Pro); serine (Ser); threonine (Thr);
25  tryptophan (Trp); tyrosine (Tyr); and valine (Val).
A “non-naturally occurring amino acid residue” as referred to herein is an
amino acid residue other than those naturally occurring amino acid residues listed
above, which is able to covalently bind adjacent amino acid residue(s) in a
polypeptide chain. Examples of non-naturally occurring amino acid residues include
30 norleucine, ornithine, norvaline, homoserine, and other amino acid residue analogues
such as those described in Ellman et al., Meth. Enzym. 202:301-336, 1991. To
generate such non-naturally occurring amino acid residues, the procedures of Noren et

al., Science 244:182, 1989, and Ellman et al., supra, can be used. Briefly, these
29



specific binding, including but not limted to, phage display technol ogy.
I'n one enbodi nent, the selected pol ypeptide may be |inked to an amno acid
sequence woczoﬂvusglmzhe Fe portion of an inmmunogl obulin. Peptusbadiosssss hat
specifically bind to and nodulate the targets described herein, leading to
i nhi bition of neuron 15degeneration, are also useful in the met hods of the
i nvention. The term "pharnmaceutically acceptable salt" is used herein to
refer to those ound nedi aI j udgnent ,
suitable for U3 rggﬁdhlseééﬁrﬁog}gtﬂéﬁ{cﬁw %C?%br?ga Sr%%%ﬁurnamém té’r? Car na THQJ wi t hout
undue t oxi ci t yoccirttih bmkricastid @biles Billowedbpandeo antkctifteonl dnheraﬂsﬂéiio&r(ﬁ the
commensurate with a reasonable benefit/risk 20ratio. Pharmaceutically
accept abl e salf¥Aare well known in the art. For exanpl e, Berge et al.

descri be phar maceut | L 66:1-
19, 1977. The saltsﬂgglréh %tq;ﬁ)lgg%g]r%g& |r§1ﬁg%nt§%183ﬂ£@tt@{henhﬁlp ago |§%} aot%l(}on and
purificatién dfatahé&. mmpmlurﬂdquamf:estdfé’rmtmenf ]nunurmlog;@bmtaeﬂl(Nathmalr eacting

i (1 on sar ¢ SR okl Aithe32 oMpol 878 4P nin B CERPb e Kby  at o,

benzenesul f onaises mAfN#AAS Soid Hubhdeats ,an@ISHd?és%r dabi be%‘faﬁs A PRRODE 3R
canphersul fonate, citrate, cyclopentanepropionate, digluconate,

dodecyl sul f at ecomumdndneesuiTingraatieo a@@ufm&@tﬂ@es@llqmiﬁlepurmhat sibclass. Kabat uses
gl ycer ophos phaat e Q(?fnr %é’so%nax;gza reﬁ t r?tpnal‘ber ’t eac anoat e;ﬁ n ang?tS%‘b“eB%

hydr ochl ori de, roro f OXY- et haTesur oy

| act ate, li@ur ahi ,mdtlawrfw assighfngtrmdumbﬁibens hagb&aine stad@ird hofmatield. The
met hanesul fonat e, 2-napht hal enesul fonate, nicotinate, nitrate, oleate,

oxal ate, pal ni%t bnu%‘%?ﬁﬁ&ts@enﬁé%fqnﬁé’%m thisrdesarption . FanymossA tlipi onat e,
phosphat e, pi GhakGonRb X& UEsidy rﬁ@lb%&a&)g’caﬁ &AL é&h%odfédﬁﬁx‘o %@ﬁi‘%eq@ﬂ{;é t‘ﬂ&te

tartrate, thiocyanat’e, uenesu nate, undecanoate, valerate sa
the like. Repnes«ﬁnndudeden dleldedbat @mpeadikan, bmefollaws the Heltewing stbpss Gemexlal];zi,e

sodium lithiy tassium cal ¢iu esiumand the |ike, as well as
nont oxi c arrrmﬁ%?ﬁ{’)lgﬁﬁﬁtsgﬁi‘f‘?&?eylsﬁﬁ%@?“ﬂm‘a%ﬁﬁﬂnﬁ‘ﬂf’%gb‘ﬂ’gﬁ%‘ﬁgce 'Y udi ng, but
not |imted t QoasBaaRistilentEhnemat ik ﬁﬁimgﬁf‘ﬂn%e A6 bR BhAY bSPTIR using

net hyl ami ne, dinethylanine, trinethylamne, triethylamne 5ethylam ne and

the like. B.Scos@ cmgy@mmltqrmmy swgiichs Civad Bt Bpiiogrant. phligointeot s of

Neur on Degenerat. T ven n s based in.part on the discov t hat
certain nodul a'?%}r]%q% lnﬁ?d% S’meggo e%‘% Oe%cﬁisre%%%s 0 S P PP 1P 16 5@%% Tabl e

1 in section Asquhose Fbﬂu@hlpll@tlmlfg(ht Zidieeavy chagschdgyjicaBaevé Ddystegey cogen
synt hase ki nase 313 (GSK313), p38 mtogen actlvat ed protein kinase (p38
MAPK) , epi der Bt DgYeotie pemeieigpe pplsss:ap V( Beinp the Mo pempbar timrall aki nase

(PI3K), cypl i nzdg&Rshdfpls jﬁ'a‘ﬂﬁ%g éﬁd(ugﬂéa)(y dcﬁﬂﬁﬁ'ﬂeﬂm ?%SQAI?@I%SIdGCSde

N-term nal kinase (JNK), BCL2-associated X protein channel ,
15cal ci unt cal ripdedliyrat dwpbﬂndéhan@btlﬁame\kmrha@aaddcs gasmll@ﬂaw&)always&mot ein,
a G approximately the same number of residues, however the CDRs will vary in size. For
example, in the case of a CDR from a candidate sequence that is longer than the CDR
in the sequence in Kabat to which it is aligned, typically suffixes are added to the
25  residue number to indicate the insertion of additional residues. For candidate
sequences that, for example, align with a Kabat sequence for residues 34 and 36 but
have no residue between them to align with residue 35, the number 35 is simply not
assigned to a residue.
As used herein, an antibody with a “high-affinity” is an antibody having a Kp,
30  ordissociation constant, in the nanomolar (nM) range or better. A Kp in the

“nanomolar range or better” may be denoted by X nM, where X is a number less than

about 10.
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protein coupled receptor, transcription factor 4 (TCF4), 13-catenin,
transcription, and protein synthesis) are effective inhibitors of neuron
(such as wwanjv/degenerati on. The nodul ators functi on asPprcmhiskemosisef t he
target proteins and activities, with the exception of the nodul ator of
adenylyl cyclase, which is an activator. The inhibitors 20of neuron or axon
degeneration are referred to as "inhibitors" herein, regardless of their
effects on their r Y t &S are inhibitors of. neuron or
axon degener ati on. g{%ﬁar@a&é%{stgﬁr@?%? rrg%pstq é aﬁlerrgle‘?aﬁtlcégscap%gr?? %”spfa 19t

modul at e t he astdrygenypusdiolgpepideget itgpuha dhdaficladt, witHowt lnmithds, NieWd, @, or
axon, leading to_.inhibition of neuron or axon %ggenerati on. 25The invention

i ncl udes met hotd 3-i His Hrmergusibagomay pordsin & seledihie matkeprichys trracystine
| nhibitors as @eschlRe VenGlhlattdRTEhEOAhI WAL AR wdPkn B8Ior t N

nmet hods can be led’out 1 n Vvivo, e treatnent of
neur ol ogi cadl dikdbimdbe &t Gee, iery. \fackes et ., t(Feee AE2T-AYB, 1998t Sith Fhak, Fridrdaods can

al so be carrieg out i i.tbgo or_ex vivo, such as in.| atory studies of
neuron functi o&%ﬁkﬂﬁliﬁégﬁrﬂ@%ﬁ’ﬁ@ﬂw galn ?W&%Fgﬁt @)8%5 transpl ants.

These nethods are dﬁﬁ:@éﬁr?ﬁﬂnﬁiﬁ%ﬁi@%éedﬁ@k% todhd Bh1iPled8atdsioP h kQRerfplg MEt hods
for identifying and testing inhibitors used in the invention. Inhibitors

t hat can be uswdceshthahie upasvin the identifiatianchadtijpdation [of shagds fanryit@txogpRundssect i on
C, below), which have,been s i ssays described herein to prevent
neuron or axon e%se‘r’ll'@rb ) IFSOr‘?f“tPlgl\é\&\/\aefﬁP@%%n addi lflglntgla,e{arﬁér}o\m i nhibitors of the
targets demcri bed higkeeérth (s86&€-int@&f@ing RNAKERRN)” Add 1o ndl doublbisehideds f or
use in the invention can be identified_ using standard screeni ng net hods
specific for SRS that piarferayithy gengsrPEados s arppeadéaters 968 Acan al so be
used to confirm.tde Herd d : i g PRNGQ] have a
desired acti vilt 37, \Aﬂ‘faeg © rréadecgiibi glﬁ]glgagd(@%%ﬁﬁﬁa togglﬁgﬁ%gg%nzﬁ@g%ig%g?&

chem stry apprsRiNAe sypicAfly ere camprisdl diittvo singlerstranded\Rat g of abnutt 132 case of

Corrt! (huc kbl SO ERROTE 35 SRR, S b oA S P !
degeneratiBn, ASHARSS) IM6&sHsy & the ddidiAsrieéd RRE Bymn%@ﬂfrﬁﬂfcic%ﬁl?le%pfoﬁml

model systens. Exenplary assays for identifying inhibitors of the targets
| isted in Tablaxampleagolywmprascgsresudis i dleamait 91 thg dewlde-streaded REAI tzipnglugeldi t i onal

i nhi bitors of neunonEr. axon degener.at i Whi gh ca .used in ..met hods
of the invent isgiﬁlg Ag'r gﬁ%%nglg?qsﬁgt{igbroﬁgﬁ Sf/lglg‘é '§ 61° c}i’ a?%)nle@elrﬁnf:%&%ﬂgl)and I n
Vitro Assays fdilendimhddaplen ® gdfdeNeRINARI@NagdXhBrebIPp@RRRINATMRMA degradatibsSays

for confirm ngwt hat an inhibitor of the targets described _herein also

i nhi bi ts neur off Blenepoipeeifg esisrisinesiRNAS fiePemple, gy mpgertias sellnybasadi t i onal

i nhi bi tor s00f PEHEIPi0 isBERAS &f abh j L iKain the
Exanpl es, bel 3{/%/ ndglarleS 20 te)rl e% l'y sumé'zrerabrol é%%gﬁ%‘oﬁgﬁg}@alﬁ elté]gNéAs'says
include (i) aNANelevenGrowlbxdshetobee adentifiddGn)thaat,ishddys, fos seansple,(byi ) serum

depri vati on/ pqt. [ hl qr.i dyct i t
degenerat i on' deeayar Rete (bl FemiEbet R NEnerSl S Bet e 11 onal

assays for assgs®img-meuropn. or axon degeneration that are known in the art
can also be used in the invention. 25NG- is a small, secreted protein
i nvol ved in differ dieitam drfcrgrineRNAi(GRIADGfis vsgel Gereimfetelonio a dppblat nent  of

cul tured urqQ It |. iLn..proljferation .of S, ile treating
such neur ons. WP A REERSRE 3a Dl Heatd Pk Sl SRR st R 8

Treat nent of ngred prishivitldwarkpreddn dntpahrdiaegerl SO | eads to several
di fferent norphol ogi cal changes that are detectabl e by m croscopy, and
whi ch can be 30moniASoietiharginghs e disprlcEtin genesal gefers Ap amuepndition Miabi t or s.

These changes,JMil GdheBH om treatment with the agents or inhibitors of the present invention,
including any disease or disorder that can be treated by effective amounts of inhibitors
30  of'the targets described herein (or activators, in the case of adenylyl cyclase). Non-
limiting examples of disorders to be treated herein include those listed in section E of
the present application, below.
The terms “treating,” “treatment,” and “therapy” as used herein refer to

31



described further in Exanple 1 and illustrated in, for exanple, Figures
1-4, include varicosity formation, |oss of elongated m tochondri a,

accurul atworroofosmoeochondria in varicosities, cytoskel erall/uesasssobl y, and
axon fragmentation. Agents that are found to counter any of the

nmor phol ogi cal changes i nduced by anti-NG- anti bodi es can be consi dered as
candidate inhibitors of neuron or axon degenerati on, mhich may, if desired,
be tested in addlilﬁg hy i uch as dthose g @L bed.herein. The serum
depri vat i on/ KG &G HEEIRS rgg%yé%? P PR AP TR Y RGP cﬁ?’%sﬁ%? of

Scerebel | ar grigsatthént BEAINERStrAtdN fetsO h@dht@dnf SO EBLUSilyDalls withdutmouse)
brains In this assay, the neurons are cultured in a nmediumincluding KCl1
and then are §ﬂFﬁBﬁ@@‘ﬂ@fﬁﬁﬁdeHE@ﬁFaFﬁﬁ%@5lB%@n¥mﬂﬂGE%E@m“E@dlun1Eagles

including 5 i t t are
found to bl Oglédg}%lztr &%e&zreh{ﬁ%ﬂ{:g adﬂ*ﬁﬁ}i t?zgllogglggl?gﬁe%{gg%% fat'gﬁgﬁ' rgfe{sqg whi ch can
be detected bytreafnomt ﬂmaﬂmbeconaercahyes |bat raﬂ:ﬁr ofclit magese OTrehinkdadtetdigs
stai ned with a neuronal g. antl-class Ié betatubulln) can be

*f

rker. (
consi dered as ‘Pamgthads & tpﬂmvmttoarcgn EPUlH BLROBIPIGE reliRhor HEGiER R4S OT whi ch
may, if desiredygibsn, 0?%51%91 dn%lﬁ%oh'o?gﬁé OM&E% tom¥ 6P@%ikNLe descri bed
her ei n. Anot her nodel of neuron or axon egeneratlon I nvol ves cont act
of cul tured ne:lqndmgn,\md lary lget tempoury or permanent.
(2R, 6aS, 12a5) - 1, 2, 12 12a hexah 2-1S0 ropen 1-8, 9-
15di et hoxychr onen [hgphraﬁeis STtE’gé& g?ﬁeB?’Fé‘ﬁ s NI s 4 pesti ci de
and i nsectjioci drgdRadionat-thiting KG6 WE nt:ﬁnznheof qahiitRAR de®rb M8z raty ek al
plants, interferes with mtochondria el ect’ron transport, and causes

Par ki nson' s d|@@b@@elmlm@@wmwﬂmmmﬁj@@feé/dntuaﬁ@@ommlson Jegensraliontimt ar e
found to bl OC%BE £SQM§ &%@‘3 ﬁay%aﬁ) réb%gén%&?wgﬁ éagr Spﬁun@kope presence

of rotenone can etec anal'ysi's of inages of
fixed neurons dét/ﬂblblﬁglaw:\t/ heuredggencrativealidchdeamyl (iAOat Bisitityne whibit speeieht ¢ bet a
[l tubulin, can be considered as candi date inhibitors of neuron or axon

degener at i on, AR AXPRSE pepronglegsnergon Hepatigls adojare daty suiisane &9 ehs, such

as those dgsc rﬂab@%nﬂﬁ&ﬁé b a ﬁ&ré@é&hﬂérﬁmldlﬁs@e lPr@vfen%x% oPheudPN

degeneration involves confact of 25cul tured neurons W th vincristine, an
al kal oi d thatCbgmﬁsnmonKMKb$dmmﬁmmgpsnmﬁwnmneuentBam@s@ﬂbmﬂmum,whmhotubule

structures. ?gnﬁﬁc%QgHea% f ound o bIo&#g& ! e deggneratlon of
neurons cul t urdd TefPRgeired by cemplste Qi mE #ﬂ@”l RO Pe det ected by,
for exanpl e, aRadngsiion OThis RYESasedssdd, ¥R ExABPE BYSansly&ik BEAUIb LI cal Furtion.an
anti body agai nst neuron specific beta |11 tubulin, can be consi dered as

candi dat e |nhuthmwgrhéiﬁd@@ﬁé@iﬁ@mcweamﬁoae@éwrvame@wdsmwwrﬁh«y, i f
desi r ed, gvﬁa%gs ‘ga%\%%{ d{egfb%l%eg%ﬁ:} i3k a rﬁi'f‘lqmllgl%n% H&@ﬁeﬁ' gg%h@o d her ein.

In addltlon t ssays descri ove or Wwhi
i nhibition of1mﬂmkamd®mh&mnm\mﬁgﬁmﬁmamnbmmnt®ﬁmnmmﬁwupdmkmﬁha@oemmmoys

assays directed at cting inhi s of the targets listed in Table 1,
for which thet ?%%Falf%iﬁeil%§5ys@6?ns %féﬂngﬂtef allet “BPlﬁ%ﬁ%’r?& of P YR ageti vi t y.
Thus, the lnveaeae&nbméraﬂ% traﬁn%al@arstM@%%@&r@&e@égamegspfs%rdwpl tors of
the targets listed in Table K designed to I dentify compounds

that bind or cokpPe%. Y %MQ"/héWf&ﬁ@%t §5%o¢0‘V@Lt6I$é’¢,\R/D‘§e75%t H17b. 580,504 br t hei r
act|V|t|e The_screenin ssa s _incl y to h| )
t hr oughput scregﬁﬁﬁﬁﬁg?”%ﬁg °ﬁT%W§?Ee§%f§a§ gFﬁﬁ QGWTB@  of 3y
i dentifying srmokdenof @6 ubRody slygteﬁaa@ dbrdiisof theemev ks kysterd tHadisRecoadsgys and
activity assays are used,

a disease, condition, or therapy having a primary effect outside of the nervous system,;

an injury to the nervous system caused by physical, mechanical, or chemical trauma,

pain; an ocular-related neurodegeneration; memory loss; or a psychiatric disorder

30 (e.g., tremors, slowness of movement, ataxia, loss of balance, depression, decreased
cognitive function, short-term memory loss, long-term memory loss, confusion,
changes in personality, language difficulties, loss of sensory perception, sensitivity to

touch, numbness in extremities, muscle weakness, muscle paralysis, muscle cramps,

32



The assays can be perforned in a variety of formats, including, wthout
limtation, kinase assays, biochem cal screening assays, immnoassays, and
cel | - basenoassizngslv2zas 10determ ned to be appropriate, basedsenobsosubj ect
target. I n binding assays, the interaction is binding, and the

conpl ex formed can be isolated or detected in the reaction mxture. In a
particul ar enbodi nent, either the target pol ypeptide or the drug candi date
is imobilize . r y coval ent
or non-coval en o e%g%ﬁ;llnéé ?R%ﬁ Ch&égs ’neg{? %e{ﬂtg’ﬁ?r%éﬁ%ﬁ%%leﬁte&% 'y is

acconpl i shed hyrscﬁmai |dem51bhg halblcirchtisny;, faigae, Watlhpan, &héwphlﬁrﬂlgefsntmproblems

pol ypeptide a Al ternatjvely, an jmobilized anti body, e. a
nonocl onal anﬂ?eﬁ%e rapid beart ratey dizzipgss. ltlalr@’erlmra%w?f@&sl%@wsel%eqsm%br I i zed
can be used t f e

addi ng the no%l?%tarhérgg(ﬂag%np réllclial‘rflhteﬁHﬁl c?% visfHt %&%%Q%leﬂe d'g @,r(ij,r ect abl e
| abel , to the funvtwhialiczegolne mdmgbh]egitt and lgps jn tnlaml cm&taetdsess;tlﬁa{)m n:ont ai ni ng

t he anchored copponent action.i c e non-react.ed
component s ar SRR EArIEg) corigreids Aol s Bhpufiich B ARt B the
solid surface thé gndtrsit 8sbnt m@ﬁbédher&rlmer@lrdlms@mwm@bﬂ héRdg&Aponent
carries a detectable | abe the detection of |abel inmmobilized on t he
surface i ndi carieé@bteﬁa@remom tesiling ableast arl8 dopieesce(cgheat lspit 4P Hald%p, 2dm-

25i mobi | i zed d r a.lo X g det ect ed,
for exanple, bﬁﬁ@??\g%”’ d/‘t’ ? %MO/ 6%s/a2§ |camf§b(%b%3§r} 1%03}1’t9§4

i mobi | i zeld cosvph €00% decrease) 1f1 thchemtbanoi mt(ﬁrswmmn(ﬂ)odﬁs &x@ﬂi yp&pttide that
interacts with but_ does not bind to the target, the interaction of the

target with thtéer?%f%H@&@q%@rﬁer%ew%@pé%?ﬁ%@r Heswbisat PREEAHS Hs THBIBET known
for detecting gt earehpgopﬁarr&r Qodl&t ﬂﬁgtdrggﬁdrltéqﬁé}e&zﬂﬁ§éé§%nérgtg lidfH&ron
traditional approaches, such .g., cross-|

i NMunopr eci pi tEwpilanon emd a(sobjpclrtlna‘t isoatt bdministaredigb oge ardnenetoﬂi th@ragents

chr omat ographitfge col ﬂ addi tion, Ff;ot ei n- prot ej n r ﬁtI.OI’IS can be
moni tor ed by JErped Mg P dBiriayehan PLonews fi el pidstaton) her iy and
co- wor ker s15( Firgdutksin @t le@h a 1 0MadebicBse (€. goa@l@m 183404 252660%1 988, 4691 £9, et
al., Proc. Natl. Acad. Sci. U S A 9578- 9582, 19 91) as di scl osed by
Chevray et al 50%P8%. 6hlat 65%.A0%el 75%s BOYLE B6,00%895%7 80eveB 208% deggase) | vany
transcription st .of hysi cal |l y
di screte m)duﬁlé? d%ilrtrlé‘?&r](g{d%gﬁéggg? %%Oyd%?g{tﬁfmsbsgﬁ%h}w ght%}nr? flajzicynd the 5
ot her one funaicihvonk sggteasrhtahe s¢coads g id pdikeare, acidivat, botmeﬂpyrﬁmng d pemygast

expressi on syst m descri bed in the foregoing publications (generally

referred to asHereuig ﬁ%‘ﬁr\ff’“éﬁ)ésﬁ%a}‘ IRIYRES UReaYS St CaussdbYpr opert y,
and enpl o t r e t fused
P i i e e Sl T R S

activating pr cmencn’s l@s:eriapsedatne dibederdn a\sahum o1 gl swtaéat popkQatibheomppredssi on

of a GALI-Iac re r contr GAL4- acti vat ed oot er
depends on re ‘ﬂ bd%?(?fp 4108 Bp§ t\/‘ﬁraf"'ﬁ?1 V\V}F}]zf%f)f’%ff%rlrﬂorﬁla%‘?“ég CP‘h‘f‘ﬂ?acti on.
Col oni es cont eﬁefynpg interacting polypeptides are detected with a

chronmogeni ¢ substrate for13-gal actosi dase. A conplete kit (MATCHVAKERTN)
for identifying pr Jthé’tqrmpuaémmlsﬁm%t és H%?@lh%@@@ﬁ%@éﬁn@mqum% prot ei ns
using the A esl I nt ech.
Thi & syst o caaauBerpd PG S IEORERELE, SR AL

speci fi c pr ot ahdinhibiter etsubjast iasvhiehl the ASirdroorjioftdi thére@Ts pRsad, o8 wetisk dues
that are cruci.al for these |nteractigns. ounds that interfere with the
i nteraction ofinf¢cing hraphibier iplorgpedivm inwhis aé‘i“@?‘&&@?‘]“ﬂ?ﬁ’r“%’&?ponents can
be tested as fgldyems. Usually a reaction mxture is 20 prepared containing
the target and the intra- or extracellular conponent under conditions and
for a tine all ow ndhttrmt‘meuromt @srwmed hayein dfndtésenctrwos pysgolucdlls thalmdwelsta t he

ability of a ca d|d onpou iphibit the interaction t he target,
fhe renctin RERR 8} B RahE Gnt Sva s i aiBS prot A g s oS oY
conpound. | n agdé, i rrpgbneﬁr %@ﬁ@bﬂgrmylemneq@ﬂdsm Bnidyed & theaqt boy, Maxt ur e,
to serve as a posrtlve cont r ol 5Assays for neasuring the inpact of a

candi dat e i nhiasprsoky whichha gaearalythe ynamntjaof neuronal signals are conveyed from the

cell body to effector cells, such as target neurons or muscle. Neurons can convey
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protein kinase are known in the art, and include direct phosphoryl ation
assays, typically interpreted via radio-I|abel ed phosphat e,

phosphor yweatzoomsepeci fi ¢ anti bodies to a substrate, andprceliS2mapssassays

t hat neasure the downstream consequence of Kkinase activity, e.g.,
activation of a reporter gene. Both of these major strategies, in
30addition to alternative assays based on fluorescence pol arization, may be

used in snall-.sgale.or.high-thr hput farmat, to identify, | i date, or
characteri ze alﬂﬁ)lnﬁﬁtil%’i fFgp %fsélg%,n%#{ggglé%ﬂ&eec,enﬁ{\?g{vguseiysgﬁ (?%If%eméirol . Chem
273: 18623- 186 3nsokPfdirorBpikdEranhitdlgnals ol 1888éntrabedr@RRIsHGerhs t6 efBor 2000;
Singh et al., Conb. Chem H gh Throughput Screen 8:319-325, 2005; Garton
etal., Meth. [§#s (edfgpnyormeiopnewpguy; Ohagnaapshiesigaatedinternayseys, compesthem
317:210-217, L i . S i.fi di ssed
herein are forZI%t9 eSBV&tP glotg%zéc}i]?mfﬁrﬁg{grsg??@ﬁﬁ%ﬁ%iﬁ &ﬁ%b{é‘?f%ﬁ%c?f C%ft %%r assays,
whi ch can IBe spkdfit echniidgariadtmgn opet thet hpabd subjekamn ticathgat aceodidgytp eheof

ant agoni st candi dat es fﬂcreene% (e.g., antibaqdies, polypeptides, Cgl)epti des,
non- pepti de srAYMUSR JeMde crsbien patule perrpas dorglirertgangiogiogurong@sdy  are wel |
known to thoseqgikia h&sbdsn the art and may al so be used in the present

i nvention. The assays described herein may be used to screen |ibraries of
conpounds 10i ncl udiThg terwi ‘toeparball’ pnised hemwim, refehetriagabnifnabelassified as mat ur al

product libraries . .cqllections of 1mcroorganis animal s,. pl ants,
Bt o)~ and cobiimeb R iR SR sy Fo Tt papt Fgsc ind

ol i gonucl e@t i dBSn aflnaBMBich aOE @A hErsEDHAEWRIZAts! Th SncRiiBodeidr@bf @Ebodi ment

t he assays herein are used to screen antibody |ibraries including, wthout

limtation, navenhongdhe mpaewhisiademen. synthetic, and semi- 15synthetic
antibody |ibrari e.S-Aqm isﬂ%dnbﬁ)rgeyorﬁllﬂig{t%ﬁ it dne %P&a%%ﬂmr?her%%u c %g@e
di spl ay Ilpra[y,.lnc_u I'ng nonoval en i'braries, displaying “on average one
Si In%;I e- clhal {1 ?ncgucﬂmgéynmagm:(hmdme‘nm)agﬂeamsemrvela?xagﬁstpabﬁ,nﬁhzey, (%r_aél;rdd_

mul ti-val en i brarjes, displaying, on average, two_or nore antibodjes or
anti body fragnent s ‘PerctGrivgamoapy il%?fb?m%%gp?mﬂﬁéffea‘r‘itbF‘lfﬁf‘GS?l P dspiEd es to

be screened i nhaasRLdANARd .b&v&ﬁﬁive?@sﬁ{s‘?%Péffécﬁé’e?zﬂﬁ?&'f‘ceﬁﬂ% afaﬂﬁniktis,fépt ed to
phage display libraries. Qher display techniques include, for exanple,
ri bosone or nRNAnglpspbrpdiivasitabenki s et al ., Proc. Natl. Acad. Sci. US. A

91:9022-9026, 1994;, Han et al., Proc..Natl. ad, S ci S.,A. 94:4937-
4942, 1997), nicrobi*d Se‘i@"rf?‘“&?% ﬁ’fpzi?f,smgfjc%ﬂas C%@ﬁ?eer?’gl g g#f“é?/ TEBSgi ou et
al ., Nature BiigleRBingediy 42t Afsuch A&iInatibfis MEa&d progdny. dhaRhRYwd s eke et al .,
Protein Eng. 10:1303- 251310, 1997), display on mammalian cells, spore

di spl ay, viral“tandpmmapts” sud fransforned elip t mrluds deipagnapUiubisat el aafl cultuerc| ei ¢
Aci ds Res.,33: ' ' i ip et
o % o oo e rved R, RRL A b 1350 AR B BRLEE /M SETRRAIETT P ©

Nucl ei ¢ Aci ds tiResll p8gicay Day 200H)precisaly ideticalie &N Al campmydue e pglivetatadr. , FEBS
Lett. 532:455-458, 2002).. 30The resylts op%%% ned in ﬁtj‘h? Pri ,mar¥

bi ndi ng/ i nt er AB4VEHEL 100, o RS (L AOHBY TR FrRRY apdhall AIRATE ST 8K Y or i n
vivo assays ofycAxRibdRERQEERL lorighhdl§RRIbMSIDoell loPcdl] 0 l\%ﬁlgﬁtgﬁoé[eﬂ VIVO
assays of axon degeneration may be uséd as prinmary assays to i1den |¥y

i nhi bi t ors andhaiheegbasansiuasiaes dbrdlgmerl hahalyas scrednpd fniimtile okigells  of

Neuron or Z%X 0 QI'all:])Sefgreﬂl?eedrCaehiaIQenillC]uded.
A “small molecule” is defined herein to have a molecular weight below about

1000 Daltons, for example, below about 500 Daltons. Small molecules may be
organic or inorganic, and may be isolated from, for example, compound libraries or
natural sources, or may be obtained by derivatization of known compounds.

30 “Aptamers” are nucleic acid molecules that form tertiary structures that
specifically bind to a target molecule, such as the targets described herein. The
gencration and therapeutic use of aptamers are well established in the art (see, e.g.,
U.S. Patent No. 5,475,096). Aptamers used in the invention can include modified
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In vivo assays for use in the invention include aninmal nodels of various
neur odegener ati ve di seases, such as aninal nodels of anyotrophic |ateral
scl er osi swQALB)aso2zhei ner' s di sease, Parkinson's di seageT/tspaonsdsbé pl e
sclerosis (e.g., 5 experinental autoinnmune encephalitis (EAE) in mce). In
addition, spinal cord and traumatic brain injury nodels can be used.
Non-limting exanples of in vivo assays that can be used in characteri zi ng
inhibitors for, e case
of anyot rophi ¢ { P4 * LS pishE Rl A s r S G P BN, gty 6n
expresses a nmihaixo. fﬁararmmfmmupbds oxdlde add ﬁﬁﬂﬁc&ﬁ:@aﬂ: deSERdLo bé eiffipichtlyt at es t he
phenot ype and pat hol ogy .of ALS. (Rosen et al ture 362(6415):59-62,

1993). I'n addi ¥3MinNave: e asobicisnlregth %Q%r@lallﬁﬂdg%aﬂ%ﬂéiﬂéloéﬁoE‘WB}@F%phl c
lateral scler 0

vention. Thesl KA u&é“%%gf*ﬁﬁgﬁ?‘%‘é%eéiﬁ%‘?gﬁ%%%%ﬁﬁ%?"’S%%Ho%‘%‘e%?f‘eve mot or
neur opat hy X painalogs vl selecte@Birooh the grbbp konsisfidgofNswspipadthiohwgi ca

19(1): 39-50, 7 1DP-4 tant tran nic.mce (Wegorz a
roc, Nt acdrehSsBig Do Rt LOCEEBAGrToE: SFoUB0L Aot
addition, a capkARpémGtelxahpk, hﬂ%ﬁalagvﬁi e dicatd CaRbrERNIS ed-H.RNI) e
invention (heredi tary cani ne spi nal muscul ar atrophy (HCSMR)). Ani mal

nmodel s that sinul at' @eptiedisst ﬂ@g@mdé sedvienges liokgddalan abitgetsahieqednee and
20clinical fe o] can .beused
characteri zi ng&%ﬁﬁ%gfmﬁﬁ&F B ?Jrgl%l??n ﬁ1 unog]r\q,g'élmm l%flﬁe THee%eé) lflel nventi on,

include the resqidptesandy l&bi&h'&/ed feanh ragiomiRY seduencebaéledted %Vlﬁﬁ@ﬁbd &P57) ;
met hanphet am ne (rodent and non-human primtes; Seiden et al., Drug Al cohol
Depend 1: 215- ZPecifiq bipging, igclyflipg byt ngt hmniéﬁlgwh@@ dagplay teghaelagyRdd one

494:285- 293, ‘SARimE T, LIBASSoRAGDANRUTIADY L TRURTR dANGRLAR o 25al

Ann. NeuroL 46:598-605, 1999 mouse ooks et al., Brai n
Res. 823: 1- 10,ent@H8yg thaid piﬁalloahasth1mreun<gllobtheEepn@oaimmtthat s@b@fﬁalll?am’rdxb

Phar macol . 66:1 ot en t;. Betarhbet et Nat

Neur osci . 3: 136(5@ “i‘é(‘?lg‘te% el ‘%S?feiiﬁ g%gﬁaﬂlg%(wi]@ ‘Onl\ﬂfl’i'ﬁﬁ‘r8‘c‘ al., J.
Neur oscL 25: R@é@&lerazifaﬁla)malwﬂsemmnﬁqn@%a@ut:{h@nske(aﬁ&yse and Drosophi | a;
Pol ymer opoul os et al ., Science 276: 2045-2047, 301997) nodel s.

Geneti cal | y- nodi f i ddicigvmrmharmacedicaldyl avgenvatdesaltt iy essd hereigHo r%f@rdO\bhnSm have
been used to Ssrleg‘Xl{lltcngep@J tHQQEy&Sngf I?)%]?d 1.%”&1829 (1grﬁ%nfa‘l sulpa%le or use, 19 | Sease.

For exarrpl e, mce rans eni c I ment

consi st ent W tdontadd witeihaeksuss dﬁlﬁﬁ&&@mﬁ@ﬁﬂal@'&mﬁhbununm toxft‘&y(ihitﬁﬁd’ny
9: 664- 683, 2004) Model s suchwa;s t hese may be used in characterizing the
inhibitors. allergicggsnonsy andribe e ang ded comppensiraleqvifhn terwonable bensfigriskiy

stroke, ingl udihg I“Haﬁﬁaceﬁl%aﬁ% a&%ﬁ@bl@%altsr zﬁ‘pgf\eltl omflﬁhe Q‘Pglsor ﬁ%&ﬁﬁlm Opl gs.

and nonkeys. Most focal cere I schem a nodel s i nvol ve oc n of one
maj or cer ebr alBebgeowsdl. dessibe plwmhceascatllhacmptwlee;ahemebtadlm drRleww. §Sew;1-e. g. ,

Garcia, Strok and Bo et al.., Brain Res. 311:385-391,
Toga) " Any of IOhEYE. dBherE Ha SR ol darinh Bl soaiin 1 PuBRRARRD ¢ or s
of Neuron or A doagetalsafiRNnkdAsn dﬁs%gﬁm@gﬂbyf@;ﬁc&lhgihe%e%%e irBup WRh a
Exanpl es, the conpounds |isted in Table 2, bel'ow, were identifjed as

i nhi bitors of sHiihloereanic asibnRergentring rahaddienelts belvdanctate adipael | as
th t.e f
g deﬁ;l sgecﬁ%il (aaz%x)?atff' so%{batc %@aﬁat%ébe%?&%sdlfmﬁlg kgen% ée, ?%Elfhéglbgraé buéfra%%ease 0

rocesses 11s e used
i n nmet hods of cambhdsraﬁe; amglpmaunlﬁmmc cmmnqd&)gemate@tdpmmtea@lgmbdim to the
i nventi on. 15Ta8
ecylsulfate ethanesulfonate, fumarate, glucoheptonate, glycerophosphate,
hemisulfate, heptonate, hexanoate, hydrobromide, hydrochloride, hydroiodide, 2-
hydroxy-ethanesulfonate, lactobionate, lactate, laurate, lauryl sulfate, malate, maleate,
30  malonate, methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate, oleate,
oxalate, palmitate, pamoate, pectinate, persulfate, 3-phenylpropionate, phosphate,
picrate, pivalate, propionate, stearate, succinate, sulfate, tartrate, thiocyanate,

toluenesulfonate, undecanoate, valerate salts and the like. Representative alkali or
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alkaline earth metal salts include sodium, lithium, potassium, calcium, magnesium
and the like, as well as nontoxic ammonium, quaternary ammonium, and amine
cations, including, but not limited to ammonium, tetramethylammonium,
tetraethylammonium, methylamine, dimethylamine, trimethylamine, triethylamine,

ethylamine and the like.

B. Screening Assays to Identify and Characterize Inhibitors of Neuron
Degeneration

The mvention is based in part on the discovery that certain modulators of the
target proteins and activities listed in Table 1 in section A, above (dual leucine zipper-
bearing kinase (DLK), glycogen synthase kinase 3 (GSK3p), p38 mitogen-activated
protein kinase (p38 MAPK), epidermal growth factor receptor (EGFR),
phosphoinositide 3 kinase (PI3K), cyclin-dependent kinase 5 (CdkS5), adenylyl
cyclase, c-Jun N-terminal kinase (JNK), BCL2-associated X protein (Bax), Ih channel,
calcium/calmodulin-dependent protein kinase kinase (CaMKK), a G-protein, a G-
protein coupled receptor, transcription factor 4 (TCF4), B-catenin, transcription, and
protein synthesis) are effective inhibitors of neuron (such as axon) degeneration. The
modulators function as inhibitors of the target proteins and activities, with the
exception of the modulator of adenylyl cyclase, which is an activator. The inhibitors
of neuron or axon degeneration are referred to as “inhibitors” herein, regardless of
their effects on their respective targets, as they are inhibitors of neuron or axon
degeneration. They are also referred to herein as “agents” that modulate the activity
of a target protein or activity in the neuron or axon, leading to inhibition of neuron or
axon degeneration.

The invention includes methods of inhibiting neuron or axon degeneration by
use of inhibitors as described herein. As described in further detail below, the
methods can be carried out in vivo, such as in the treatment of neurological disorders
or injuries to the nervous system. The methods can also be carried out in vitro or ex
vivo, such as in laboratory studies of neuron function and in the treatment of nerve
grafts or transplants. These methods are described further below, after a description
of methods for identifying and testing inhibitors used in the invention.

Inhibitors that can be used in the invention include those listed in Table 2
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(section C, below), which have been shown in assays described herein to prevent
neuron or axon degeneration, as well as additional, known inhibitors of the targets
described herein (see, e.g., Table 3). Additional inhibitors for use in the invention can
be identified using standard screening methods specific for each target, as summarized
below. These assays can also be used to confirm the activities of derivatives of
compounds found to have a desired activity, which are designed according to standard
medicinal chemistry approaches. After an inhibitor (or activator, in the case of
adenylyl cyclase) is confirmed as being active with respect to a particular target, the
inhibitors can be tested in models of neuron or axon degeneration, as described herein,
as well as in appropriate animal model systems.

Exemplary assays for identifying inhibitors of the targets listed in Table 1, as
well as for identifying and characterizing additional inhibitors of neuron or axon
degeneration, which can be used in the methods of the invention, are described briefly
as follows.

1) Cell-Based and In Vitro Assays for Inhibitors of Neuron or Axon

Degeneration

Assays for confirming that an inhibitor of the targets described hercin also
inhibits neuron or axon degeneration, as well as for identifying additional inhibitors of
neuron or axon degeneration, are described in detail in the Examples, below, and are
briefly summarized as follows. These assays include (i) anti-Nerve Growth Factor
(anti-NGF) antibody assays, (ii) serum deprivation/potassium chloride (KCI)
reduction assays, (ii1) rotenone degeneration assays, and (iv) vincristine degeneration
assays. Additional assays for assessing neuron or axon degeneration that are known in
the art can also be used in the invention.

NGF is a small, secreted protein involved in differentiation and survival of
target neurons. Treatment of cultured neurons with NGF results in proliferation of
axons, while treating such neurons with anti-NGF antibodies results in axon
degeneration. Treatment of neurons with anti-NGF antibodies also leads to several
different morphological changes that are detectable by microscopy, and which can be
monitored to observe the effects of candidate inhibitors. These changes, which are
described further in Example 1 and illustrated in, for example, Figures 1-4, include
varicosity formation, loss of elongated mitochondria, accumulation of mitochondria in
varicosities, cytoskeletal disassembly, and axon fragmentation. Agents that are found
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to counter any of the morphological changes induced by anti-NGF antibodies can be
considered as candidate inhibitors of neuron or axon degeneration, which may, if
desired, be tested in additional systems, such as those described herein.
The serum deprivation/KCl reduction assay is based on the use of cultures of
5  cerebellar granule neurons (CGN) isolated from mouse (e.g., P7 mouse) brains. In
this assay, the neurons are cultured in a medium including KCI and then are switched
to medium containing less KCl1 (Basal Medium Eagles including 5 mM KC1), which
induces neuron degeneration. Agents that are found to block or reduce neuron
degeneration upon KCl withdrawal, which can be detected by, for example, analysis
10 of images of fixed neurons stained with a neuronal marker (e.g., anti-class III beta-
tubulin) can be considered as candidate inhibitors of neuron or axon degeneration,
which may, if desired, be tested in additional systems, such as those described herein.
Another model of neuron or axon degeneration involves contact of cultured
neurons with rotenone (2R,6a8,12a5)-1,2,6,6a,12,12a-hexahydro-2-isopropenyl-8,9-
15 dimethoxychromeno{3,4-5] furo(2,3-h)chromen-6-one), which is a pesticide and
insecticide that naturally occurs in the roots and stems of several plants, interferes
with mitochondrial electron transport, and causes Parkinson’s disease-like symptoms
when injected into rats. Agents that are found to block or reduce degeneration of
neurons cultured in the presence of rotenone, which can be detected by, for example,
20 analysis of images of fixed neurons stained with, e.g., an antibody against neuron
specific beta III tubulin, can be considered as candidate inhibitors of ncuron or axon
degeneration, which may, if desired, be tested in additional systems, such as those
described herein.
An additional model of neuron or axon degeneration involves contact of
25  cultured neurons with vincristine, an alkaloid that binds to tubulin dimers and
prevents assemble of microtubule structures. Agenst that are found to block or reduce
degeneration of neurons cultured in the presence of vincristine, which can be detected
by, for example, analysis of images of fixed neurons stained with, e.g., an antibody
against neuron specific beta IIT tubulin, can be considered as candidate inhibitbors of
30 neuron or axon degeneration, which may, if desired, be tested in additional systems,
such as those described herein.
In addition to the assays described above, for which the read-out is inhibition
of neuron or axon degeneration, the invention also employs assays directed at
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detecting inhibitors of the targets listed in Table 1, for which the read-out is, for
example, target binding or target activity. Thus, the invention includes the use of
screening assays for inhibitors of the targets listed in Table 1, which may be designed
to identify compounds that bind or complex with the targets, or otherwise interfere
5  with their activities. The screening assays include assays amenable to high-

throughput screening of chemical libraries, making them suitable for identifying small
molecule drug candidates. Generally, binding assays and activity assays are used.
The assays can be performed in a variety of formats, including, without limitation,
kinase assays, biochemical screening assays, immunoassays, and cell-based assays, as

10 determined to be appropriate, based on the subject target.

In binding assays, the interaction is binding, and the complex formed can be
isolated or detected in the reaction mixture. In a particular embodiment, either the
target polypeptide or the drug candidate 1s immobilized on a solid phase, e.g., on a
microtiter plate, by covalent or non-covalent attachments. Non-covalent attachment

15  generally is accomplished by coating the solid surface with a solution of the
polypeptide and drying. Alternatively, an immobilized antibody, e.g., a monoclonal
antibody, specific for the target polypeptide to be immobilized can be used to anchor
it to a solid surface. The assay is performed by adding the non-immobilized
component, which may be labeled by a detectable label, to the immobilized

20 component, e.g., the coated surface containing the anchored component. When the
reaction is complete, the non-reacted components are removed, e.g., by washing, and
complexes anchored on the solid surface are detected. When the originally non-
immobilized component carries a detectable label, the detection of label immobilized
on the surface indicates that complexing occurred. Where the originally non-

25  immobilized component does not carry a label, complexing can be detected, for
example, by using a labeled antibody specifically binding the immobilized complex.

If the candidate compound is a polypeptide that interacts with but does not
bind to the target, the interaction of the target with the respective polypeptide can be
assayed by methods well known for detecting protein-protein interactions. Such

30  assays include traditional approaches, such as, e.g., cross-linking, co-
immunoprecipitation, and co-purification through gradients or chromatographic
columns. In addition, protein-protein interactions can be monitored by using a yeast-
based genetic system described by Fields and co-workers (Fields et al., Nature
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(London) 340:245-246, 1989; Chien et al., Proc. Natl. Acad. Sci. U.S.A4. 88:9578-
9582, 1991) as disclosed by Chevray et al., Proc. Natl. Acad. Sci. U.S.A. 89:5789-
5793, 1991. Many transcriptional activators, such as yeast GAL4, consist of two
physically discrete modular domains, one acting as the DNA-binding domain, and the
other one functioning as the transcription-activation domain. The yeast expression
system described in the foregoing publications (generally referred to as the “two-
hybrid system”) takes advantage of this property, and employs two hybrid proteins,
one in which the target protein 1s fused to the DNA-binding domain of GAL4, and
another, in which candidate activating proteins are fused to the activation domain.
The expression of a GAL1-/acZ reporter gene under control of a GAL4-activated
promoter depends on reconstitution of GAL4 activity via protein-protein interaction.
Colonies containing interacting polypeptides are detected with a chromogenic
substrate for B-galactosidase. A complete kit (MATCHMAKER ™) for identifying
protein-protein interactions between two specific proteins using the two-hybrid
technique is commercially available from Clontech. This system can also be extended
to map protein domains involved in specific protein interactions as well as to pinpoint
amino acid residues that are crucial for these interactions.

Compounds that interfere with the interaction of the target and other intra- or
extracellular components can be tested as follows. Usually a reaction mixture is
prepared containing the target and the intra- or extracellular component under
conditions and for a time allowing for the interaction of the two products. To test the
ability of a candidate compound to inhibit the interaction of the target, the reaction is
run in the absence and in the presence of the test compound. In addition, a placebo
may be added to a third reaction mixture, to serve as a positive control.

Assays for measuring the impact of a candidate inhibitor on the activity of a
protein kinase are known in the art, and include direct phosphorylation assays,
typically interpreted via radio-labeled phosphate, phosphorylation-specific antibodies
to a substrate, and cell-based assays that measure the downstream consequence of
kinase activity, e.g., activation of a reporter gene. Both of these major strategies, in
addition to alternative assays based on fluorescence polarization, may be used in
small-scale or high-throughput format to identify, validate, or characterize an inhibitor
(see, for example, Favata et al., .J Biol. Chem. 273:18623-18632, 1998; Parker et al.,
J. Biomol. Screening 5:77-99, 2000; Singh et al., Comb. Chem. High Throughput
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Screen 8:319-325, 2005; Garton et al., Meth. Enz. 439:491-500, 2008; and Kupchko et
al., Anal. Biochem. 317:210-217, 2003).

The screening assays specifically discussed herein are for the purpose of
illustration only. A variety of other assays, which can be selected depending on the
particular target and type of antagonist candidates screened (e.g., antibodies,
polypeptides, peptides, non-peptide small organic molecules, nucleic acid molecules,
etc.) are well known to those skilled in the art and may also be used in the present
invention.

The assays described herein may be used to screen libraries of compounds
including, without limitation, chemical libraries, natural product libraries (e.g.,
collections of microorganisms, animals, plants, etc.), and combinatorial libraries
comprised of random peptides, oligonucleotides, or small organic molecules. In a
particular embodiment, the assays herein are used to screen antibody libraries
including, without limitation, naive human, recombinant, synthetic, and semi-
synthetic antibody libraries. The antibody library can, for example, be a phage display
library, including monovalent libraries, displaying on average one single-chain
antibody or antibody fragment per phage particle, and multi-valent libraries,
displaying, on average, two or more antibodies or antibody fragments per viral
particle. However, the antibody libraries to be screened in accordance with the
present invention are not limited to phage display libraries. Other display techniques
include, for example, ribosome or mRNA display (Mattheakis et al., Proc. Natl. Acad.
Sci. U.S.A. 91:9022-9026, 1994; Hanes et al., Proc. Natl. Acad. Sci. U.S.A. 94:4937-
4942, 1997), microbial cell display, such as bacterial display (Georgiou et al., Nature
Biotech. 15:29-34, 1997), or yeast cell display (Kieke et al., Protein Eng. 10:1303-
1310, 1997), display on mammalian cells, spore display, viral display, such as
retroviral display (Urban et al., Nucleic Acids Res. 33:e35, 2005), display based on
protein-DNA linkage (Odegrip et al., Proc. Acad. Natl. Sci. U.S.A. 101:2806-2810,
2004; Reiersen et al., Nucleic Acids Res. 33:¢10, 2005), and microbead display (Sepp
etal., FEBS Lett. 532:455-458, 2002).

The results obtained in the primary binding/interaction assays herein can be
confirmed in in vitro and/or in vivo assays of axon degeneration. Alternatively, in
vitro and/or in vivo assays of axon degeneration may be used as primary assays to
identify inhibitors and antagonists as described herein.
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ii) Animal Models of Neuron or Axon Degeneration

In vivo assays for use in the invention include animal models of various
neurodegenerative diseases, such as animal models of amyotrophic lateral sclerosis
(ALS), Alzheimer’s disease, Parkinson’s disease, and multiple sclerosis (e.g.,
experimental autoimmune encephalitis (EAE) in mice). In addition, spinal cord and
traumatic brain injury models can be used. Non-limiting examples of in vivo assays
that can be used in characterizing inhibitors for use in the invention are described as
follows.

In the case of amyotrophic lateral sclerosis (ALS), a transgenic mouse that
expresses a mutant form of superoxide dismutasc 1 (SOD1) recapitulates the
phenotype and pathology of ALS (Rosen et al., Nature 362(6415):59-62, 1993). In
addition to the SOD1 mouse, several mouse models of amyotrophic lateral sclerosis
(ALS) have been developed and can be used in the invention. These include motor
neuron degeneration (Mnd), progressive motor neuropathy (pmn), wobbler (Bird et
al., Acta Neuropathologica 19(1):39-50, 1971), and 1'DP-43 mutant transgenic mice
(Wegorzewska et al., Proc. Natl. Acad. Sci. U.S.A., e-published on October 15, 2009).

In addition, a canine mode! has been developed and can be used in the invention
(hereditary canine spinal muscular atrophy (HCSMA)).

Animal models that simulate the pathogenic, histological, biochemical, and
clinical features of Parkinson’s disease, which can be used in characterizing inhibitors
for use in the methods of the present invention, include the reserpine (rabbit; Carlsson
et al., Narure 180:1200, 1957); methamphetamine (rodent and non-human primates;
Seiden et al., Drug Alcohol Depend 1:215-219, 1975); 6-OHDA (rat; Perese et al.,
Brain Res. 494:285-293, 1989); MPTP (mouse and non-human primates; Langston et
al., Ann. Neurol. 46:598-605, 1999); paraquat/manch (mouse; Brooks et al., Brain
Res. 823:1-10, 1999, and Takahashi et al., Res. Commun. Chem. Pathol. Pharmacol.
66:167-170, 1989); rotenone (rat; Betarbet et al., Nat. Neurosci. 3:1301-1306, 2000);
3-nitrotyrosine (mouse; Mihm et al., J. Neurosci. 21:RC149, 2001); and mutated o-
synuclein (mouse and Drosophila; Polymeropoulos et al., Science 276:2045-2047,
1997) models.

Genetically-modified animals, including mice, flies, fish, and worms, have
been used to study the pathogenic mechanisms behind Alzheimer’s disease. For
example, mice transgenic for f-amyloid develop memory impairment consistent with
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Alzheimer’s disease (Gotz et al., Mol. Psychiatry 9:664-683, 2004). Models such as
these may be used in characterizing the inhibitors.
Several animal models are used in the art to study stroke, including mice, rats,

gerbils, rabbits, cats, dogs, sheep, pigs, and monkeys. Most focal cerebral ischemia

5 models involve occlusion of one major cerebral blood vessel such as the middle
cerebral artery (see, e.g., Garcia, Stroke 15:5-14, 1984, and Bose et al., Brain Res.
311:385-391, 1984). Any of these models may also be used in the invention.

C. Inhibitors of Neuron or Axon Degeneration
10 As described further below, in the Examples, the compounds listed in Table 2,
below, were identified as inhibitors of neuron or axon degeneration. These
compounds, as well as other agents (see, e.g., Table 3) that inhibit (or activate, in the
case of adenylyl cyclase) the targets and processes listed in Table 2, can be used in
methods of inhibiting neuron or axon degeneration, according to the invention.
15 Table 2
Target Compounds Structure
(Source)
Proteasome MG132
(Calbiochem Cat. No.
474790) 0 0
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H H
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HM QH
e
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361540) o.M
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Table 3
Target Compounds Structure CAS/Reference
Proteasome | Bortezomib [(1R)-3-methyl-1-({(2S)-3-phenyl- | CAS: 179324-69-7
(Velcade™) 2-[(pyrazin-2-
ylcarbonyl)amino]propanoyl } Adams et al., Cancer
amino)butyl]boronic acid Invest. 22 (2):304, 2004
Disulfiram 1-(diethylthiocarbamoyldisulfanyl)- | CAS: 97-77-8
(Antabus™/ N,N-diethyl-methanethioamide
Antabuse™) Ldvborg et al.,
International Journal of
Cancer 118 (6):1577,
2006
GSK3p Lithium Salts (e.g., CAS: 7447-41-8
lithium carbonate
(e.g., Lithobid™) Kaladchibachi et al., J.
and lithium citrate) Circadian Rhythms 5:3,
2007
p38 MAPK | Pamapimod Pyrido[2,3-d]pyrimidin-7(8H)-one, | CAS: 449811-01-2
: 6-(2,4-difluorophenoxy)-2-{[3-
hydroxy-1-(2- Hill et al., J. Pharmacol
hydroxyethyl)propyllamino]-8- Exp. Therapeutics, Online
methyl- publication, September
2008 o
EGFRK Gefitinib N-(3-chloro-4-fluoro-phenyl)-7- CAS: 184475-35-2
(Iressa™) methoxy-
6-(3-morpholin-4- Paez et al., Science
ylpropoxy)quinazolin-4-amine 304(5676):1497, 2004
Erlotinib N-(3-ethynylphenyl)-6,7-bis(2- CAS: 183321-74-6
(Tarceva™) methoxyethoxy)
quinazolin-4-amine Shepherd et al., N. Engl. J.
| Med. 353:123, 2005
Lapatinib N-[3-chloro-4-[(3- CAS: 388082-78-8
ditosylate fluorophenyl)methoxy]phenyl]-6-
(Tykerb™/ [5-[(2- Higa et al., Exp. Rev.
Tyverb™) methylsulfonylethylamino)methyl]- | Anticancer Ther.
2-furyl] 7(9):1183, 2007
quinazolin-4-amine
Adenylyl Demeclocycline 2-(amino-hydroxy-methylidene)- 7- | CAS: 127-33-3
cyclase hydrochloride chloro-4-dimethylamino-
(Declomycin™/De | 6,10,11,12a-tetrahydroxy-4, Roitman et al., Human
clostatin™/ 4a,5,5a,6,12a- hexahydrotetracene- | Psychopharmacololgy:
Ledermycin™) 1,3,12-trione Clinical and Experimental
13(2):121-125, 1998
Protein Gentamicin sulfate | 2-[4,6-diamino-3- [3-amino-6-(1- CAS: 1405-41-0
Synthesis (Garamycin™) methylaminoethyl) tetrahydropyran-
2-yl} oxy-2-hydroxy- cyclohexoxy]- | Kadurugamuwa et al., J.
5-methyl- 4-methylamino- Bacteriol. 175:5798, 1993
tetrahydropyran-3,5-diol
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Paromomycin (2R,35,4R,5R,6S5)-5-amino-6- CAS: 1263-89-4

sulfate [(1R,2S,35,4R,6S)-

(Humatin™) 4,6-diamino-2-[(2S,3R,4R,5R)-4- VanLoock etal., J.
[(2R,3R,4R,5R,65)- Molecular Biol.
3-amino-6-(aminomethyl)-4,5- 304(4):507, 2000
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oxy-3-hydroxy-5-
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10

15

20

D. Making Antibody Inhibitors of Neuron or Axon Degeneration

Antibodies identified by the binding and activity assays of the present
invention can be produced by methods known in the art, including techniques of
recombinant DNA technology.

(i) Antigen Preparation

Soluble antigens or fragments thereof, optionally conjugated to other
molecules, can be used as immunogens for generating antibodies. For transmembrane
molecules, such as receptors, fragments of these (e.g., the extracellular domain of a
receptor) can be used as the immunogen. Alternatively, cells expressing the
transmembrane molecule can be used as the immunogen. Such cells can be derived
from a natural source (e.g., cancer cell lines) or may be cells that have been
transformed by recombinant techniques to express the transmembrane molecule.
Exemplary sequences of targets of the invention are referred to in Table 1, and can be
used in the preparation of antigens for making antibodics for use in the invention.
Other antigens and forms thereof useful for preparing antibodies will be apparent to
those in the art.

(i) Polyclonal Antibodies

Polyclonal antibodies are typically raised in animals by multiple subcutaneous
(sc) or intraperitoneal (ip) injections of the relevant antigen and an adjuvant. It may
be useful to conjugate the relevant antigen to a protein that is immunogenic in the

species to be immunized, e.g., keyhole limpet hemocyanin, serum albumin, bovine
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thyroglobulin, or soybean trypsin inhibitor using a bifunctional or derivatizing agent,
for example, maleimidobenzoyl sulfosuccinimide ester (conjugation through cysteine
residues), N-hydroxysuccinimide (through lysine residues), glutaraldehyde, succinic
anhydride, SOCl,, or RiN=C=NR, where R and R, are different alkyl groups.

5 Animals are immunized against the antigen, immunogenic conjugates, or
derivatives by combining, ¢.g., 100 pg or 5 ug of the protcin or conjugate (for rabbits
or mice, respectively) with 3 volumes of Freund’s complete adjuvant and injecting the
solution intradermally at multiple sites. One month later the animals are boosted with
1/5 to 1/10 of the original amount of peptide or conjugate in Freund’s complete

10 adjuvant by subcutaneous injection at multiple sites. Seven to 14 days later the
animals are bled and serum is assayed for antibody titer. Animals are boosted until
the titer plateaus. The animal can be boosted with a conjugate of the same antigen,
but conjugated to a different protein and/or through a different cross-linking reagent.
Conjugates also can be made in recombinant cell culture as protein fusions. Also,

15  aggregating agents such as alum are suitably used to enhance the immune response.

(i11) Monoclonal Antibodies

Monoclonal antibodies may be made using the hybridoma method first
described by Kohler et al., Nature 256:495, 1975, or may be made by recombinant
DNA methods (see, e.g., U.S. Patent No. 4,816,567). In the hybridoma method, a

20 mouse or other appropriate host animal, such as a hamster or macaque monkey, is
immunized as hercinabove described to elicit lymphocytes that produce or are capable
of producing antibodies that will specifically bind to the protein used for
immunization. Alternatively, lymphocytes may be immunized in vitro. Lymphocytes
then are fused with myeloma cells using a suitable fusing agent, such as polyethylene

25 glycol, to form a hybridoma cell (Goding, Monoclonal Antibodies: Principles and
Practice, pp. 59-103, Academic Press, 1986).

The hybridoma cells thus prepared are seeded and grown in a suitable culture
medium that can contain one or more substances that inhibit the growth or survival of
the unfused, parental myeloma cells. For example, if the parental myeloma cells lack

30  the enzyme hypoxanthine guanine phosphoribosyl transferase (HGPRT or HPRT), the
culture medium for the hybridomas typically will include hypoxanthine, aminopterin,

and thymidine (HAT medium), which substances prevent the growth of HGPRT-
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deficient cells.

Exemplary myeloma cells are those that fuse efficiently, support stable high-
level production of antibody by the selected antibody-producing cells, and are
sensitive to a medium such as HAT medium. Among these, particular myeloma cell

5 lines that may be considered for use are murine myeloma lines, such as those derived
from MOPC-21 and MPC-11 mouse tumors available from the Salk Institute Cell
Distribution Center, San Diego, CA, USA, and SP-2 or X63-Ag8-653 cells available
from the American Type Culture Collection, Manassas, VA, USA. Human myeloma
and mouse-human heteromyeloma cell lines also have been described for the

10 production of human monoclonal antibodies (Kozbor, J. Immunol. 133:3001, 1984;
Brodeur et al., Monoclonal Antibody Production Techniques and Applications, pp.
51-63, Marcel Dekker, Inc., New York, 1987).

Culture medium in which hybridoma cells are growing is assayed for

production of monoclonal antibodies directed against the antigen. The binding

15  specificity of monoclonal antibodies produced by hybridoma cells can be determined
by immunoprecipitation or by an in vitro binding assay, such as radioimmunoassay
(RIA) or enzyme-linked immunoabsorbent assay (ELISA).

After hybridoma cells are identified that produce antibodies of the desired

specificity, affinity, and/or activity, clones may be subcloned by limiting dilution

20 procedures and grown by standard methods (Goding, Monoclonal Antibodies:
Principles and Practice, pp. 59-103, Academic Press, 1986). Suitable culture media
for this purpose include, for example, D-MEM or RPMI-1640 medium. In addition,
the hybridoma cells may be grown in vivo as ascites tumors in an animal.

The monoclonal antibodies secreted by the subclones are suitably separated

25  from the culture medium, ascites fluid, or serum by conventional immunoglobulin
purification procedures such as, for example, protein A-Sepharose, hydroxylapatite
chromatography, gel electrophoresis, dialysis, or affinity chromatography.

DNA encoding the monoclonal antibodies is readily isolated and sequenced
using conventional procedures (e.g., by using oligonucleotide probes that are capable

30 of binding specifically to genes encoding the heavy and light chains of the monoclonal
antibodies). The hybridoma cells serve as a source of such DNA. Once isolated, the
DNA may be placed into expression vectors, which are then transfected into host cells
such as E. coli cells, simian COS cells, Chinese hamster ovary (CHO) cells, or
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myeloma cells that do not otherwise produce immunoglobulin protein, to obtain the
synthesis of monoclonal antibodies in the recombinant host cells. Recombinant
production of antibodies will be described in more detail below.

In a further embodiment, antibodies or antibody fragments can be isolated
from antibody phage libraries generated using the techniques described, for example,
in McCafferty et al., Nature 348:552-554, 1990.

Clackson et al., Nature 352:624-628, 1991 and Marks et al., J Mol Biol.
222:581-597, 1991, describe the isolation of murine and human antibodies,
respectively, using phage libraries. Subsequent publications describe the production
of high affinity (nM range) human antibodies by chain shuffling (Marks et al.,
Bio/Technology 10:779-783, 1992), as well as combinatorial infection and in vivo
recombination as a strategy for constructing very large phage libraries (Waterhouse et
al., Nucl. Acids. Res. 21:2265-2266, 1993). Thus, these techniques are viable
alternatives to traditional monoclonal antibody hybridoma techniques for isolation of
monoclonal antibodies.

The DNA also may be modified, for example, by substituting the coding
sequence for human heavy- and light-chain constant domains in place of the
homologous murine sequences (U.S. Patent No. 4,816,567; Morrison et al., Proc.
Natl. Acad. Sci. U.S.A. 81:6851, 1984), or by covalently joining to the
immunoglobulin coding sequence all or part of the coding sequence for a non-
immunoglobulin polypeptide.

Typically, such non-immunoglobulin polypeptides are substituted for the

-constant domains of an antibody, or they are substituted for the variable domains of

one antigen-combining site of an antibody to create a chimeric bivalent antibody
comprising one antigen-combining site having specificity for an antigen and another
antigen-combining site having specificity for a different antigen.

(iv) Humanized and Human Antibodies

A humanized antibody has one or more amino acid residues introduced into it
from a source that is non-human. These non-human amino acid residues are often
referred to as “import” residues, which are typically taken from an “import” variable
domain. Humanization can be essentially performed following the method of Winter
and co-workers (Jones et al., Narure 321:522-525, 1986; Riechmann et al., Nature
332:323-327, 1988; Verhoeyen et al., Science 239:1534-1536, 1988), by substituting
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rodent CDRs or CDR sequences for the corresponding séquences of a human
antibody. Accordingly, such “humanized” antibodies are chimeric antibodies (U.S.
Patent No. 4,816,567) wherein substantially less than an intact human variable domain
has been substituted by the corresponding sequence from a non-human species. In
practice, humanized antibodies are typically human antibodies in which some CDR
residues and possibly some FR residues are substituted by residues from analogous
sites in rodent antibodies.

The choice of human variable domains, both light and heavy, to be used in
making the humanized antibodies is very important to reduce antigenicity. According
to the so-called “best-fit” method, the sequence of the variable domain of a rodent
antibody is screened against the entire library of known human variable-domain
sequences. The human sequence that is closest to that of the rodent is then accepted
as the human framework (FR) for the humanized antibody (Sims et al., J. Immunol.
151:2296, 1993; Chothia et al., J. Mol. Biol. 196:901, 1987). Another method uses a
particular framework derived from the consensus sequence of all human antibodies of
a particular subgroup of light or heavy chains. The same framework may be used for
several different humanized antibodies (Carter et al., Proc. Natl. Acad. Sci. U.S.A.
89:4285, 1992; Presta et al., J. Immnol. 151:2623, 1993).

It is further important that antibodies be humanized with retention of high
affinity for the antigen and other favorable biological properties. To achieve this goal,
according to a exemplary method, humanized antibodies are prepared by a process of
analysis of the parental sequences and various conceptual humanized products using
three-dimensional models of the parental and humanized sequences. Three-
dimensional immunoglobulin models are commonly available and are familiar to
those skilled in the art. Computer programs are available that illustrate and display
probable three-dimensional conformational structures of selected candidate
immunoglobulin sequences. Inspection of these displays permits analysis of the likely
role of the residues in the functioning of the candidate immunoglobulin sequence, i.e.,
the analysis of residues that influence the ability of the candidate immunoglobulin to
bind its antigen. In this way, FR residues can be selected and combined from the
recipient and import sequences so that the desired antibody characteristic, such as
increased affinity for the target antigen(s), is achieved. In general, the CDR residues
are directly and most substantially involved in influencing antigen binding.
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the absence of endogenous immunoglobulin production. For example, it has been
described that the homozygous deletion of the antibody heavy-chain joining region
(Ju) gene in chimeric and germ-line mutant mice results in complete inhibition of
endogenous antibody production. Transfer of the human germ-line immunoglobulin
gene array in such germ-line mutant mice will result in the production of human
antibodies upon antigen challenge. See, e.g., Jakobovits et al., Proc. Natl. Acad. Sci.
U.S.4. 90:2551, 1993; Jakobovits et al., Nature 362:255-258, 1993; Bruggermann et
al., Year in Immunol. 7:33, 1993; and Duchosal et al., Naiure 355:258, 1992. Human
antibodies can also be derived from phage-display libraries (Hoogenboom et al., .J.
Mol. Biol. 227:381, 1991; Marks et al., J. Mol. Biol. 222:581-597, 1991; Vaughan et
al., Nature Biotech. 14:309, 1996). Generation of human antibodies from antibody
phage display libraries is further described below.

(v) Antibody Fragments

Various techniques have been developed for the production of antibody
fragments. Traditionally, these fragments were derived via proteolytic digestion of
intact antibodies (see, e.g., Morimoto et al., J. Biochem. Biophys. Meth. 24:107-117,
1992 and Brennan et al., Science 229:81, 1985). However, these fragments can now
be produced directly by recombinant host cells. For example, the antibody fragments
can be isolated from the antibody phage libraries discussed above. Alternatively,
Fab’-SH fragments can be directly recovered from E. coli and chemically coupled to
form F(ab’), fragments (Carter et al., Bio/Technology 10:163-167, 1992). In another
embodiment as described in the example below, the F(ab’), is formed using the
leucine zipper GCN4 to promote assembly of the F(ab’), molecule. According to
another approach, F(ab’), fragments can be isolated directly from recombinant host
cell culture. Other techniques for the production of antibody fragments will be
apparent to the skilled practitioner. In other embodiments, the antibody of choice is a
single chain Fv fragment (scFv) (see WO 93/16185).

(vi) Multispecific Antibodies

Multispecific antibodies have binding specificities for at least two different
epitopes, where the epitopes are usually from different antigens. While such
molecules normally will only bind two different epitopes (i.e., bispecific antibodies,
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production of full-length bispecific antibodies is based on the coexpression of two
5  immunoglobulin heavy chain-light chain pairs, where the two chains have different

specificities (Millstein et al., Nature 305:537-539, 1983). Because of the random
assortment of immunoglobulin heavy and light chains, these hybridomas (quadromas)
produce a potential mixture of 10 different antibody molecules, of which only one has
the correct bispecific structure. Purification of the correct molecule, which is usually

10 done by affinity chromatography steps, is rather cumbersome, and the product yields
are low. Similar procedures are disclosed in WO 93/08829, and in Traunecker et al.,
EMBO J. 10:3655-3659, 1991. According to a different approach, antibody variable
domains with the desired binding specificities (antibody-antigen combining sites) are
fused to immunoglobulin constant domain sequences. The fusion can be with an

15 immunoglobulin heavy chain constant domain, comprising at least part of the hinge,
CH2, and CH3 regions. The first heavy-chain constant region (CH1) containing the
site necessary for light chain binding can be present in at least one of the fusions.
DNAs encoding the immunoglobulin heavy chain fusions and, if desired, the
immunoglobulin light chain, are inserted into separate expression vectors, and are co-

20  transfected into a suitable host organism. This provides for great flexibility in
adjusting the mutual proportions of the three polypeptide fragments in embodiments
when unequal ratios of the three polypeptide chains used in the construction provide
the optimum yields. It is, however, possible to insert the coding sequences for two or
all three polypeptide chains in one expression vector when the expression of at least

25  two polypeptide chains in equal ratios results in high yields or when the ratios are of
no particular significance.

In one example of this approach, the bispecific antibodies are composed of a

hybrid immunoglobulin heavy chain with a first binding specificity in one arm, and a
hybrid immunoglobulin heavy chain-light chain pair (providing a second binding

30  specificity) in the other arm. It was found that this asymmetric structure facilitates the
separation of the desired bispecific compound from unwanted immunoglobulin chain
combinations, as the presence of an immunoglobulin light chain in only one half of
the bispecific molecule provides for a facile way of separation. This approach is
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of heterodimers that are recovered from recombinant cell culture. The interface may
comprise at least a part of the CH3 domain of an antibody constant domain. In this
method, one or more small amino acid side chains from the interface of the first
antibody molecule are replaced with larger side chains (e.g., tyrosine or tryptophan).
Compensatory “cavities” of identical or similar size to the large side chain(s) are
created on the interface of the second antibody molecule by replacing large amino acid
side chains with smaller ones (e.g., alanine or threonine). This provides a mechanism
for increasing the yield of the heterodimer over other unwanted end-products such as
homodimers.

Bispecific antibodies include cross-linked or “heteroconjugate” antibodies.
For example, one of the antibodies in the heteroconjugate can be coupled to avidin,
the other to biotin. Such antibodies have, for example, been proposed to target
immune system cells to unwanted cells (U.S. Patent No. 4,676,980), and for treatment
of HIV infection (WO 91/00360 and WO 92/200373). Heteroconjugate antibodies
may be made using any convenient cross-linking methods. Suitable cross-linking
agents are well known in the art and are disclosed in U.S. Patent No. 4,676,980, along
with a number of cross-linking techniques.

Techniques for generating bispecific antibodies from antibody fragments have
also been described in the literature. For example, bispecific antibodies can be
prepared using chemical linkage. Brennan et al., Science 229:81, 1985 describe a
procedure in which intact antibodies are proteolytically cleaved to generate F(ab’),
fragments. These fragments are reduced in the presence of the dithiol complexing
agent sodium arsenite to stabilize vicinal dithiols and prevent intermolecular disulfide
formation. The Fab’ fragments generated are then converted to thionttrobenzoate
(TNB) derivatives. One of the Fab’-TNB derivatives is then reconverted to the Fab’-
thiol by reduction with mercaptoethylamine and is mixed with an equimolar amount
of the other Fab’-TNB derivative to form the bispecific antibody. The bispecific
antibodies produced can be used as agents for the selective immobilization of
enzymes.
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Fab’-SH fragments can also be directly recovered from E. coli, and can be
chemically coupled to form bispecific antibodies. Shalaby et al., J. £xp. Med.
175:217-225, 1992 describe the production of a fully humanized bispecific antibody
F(ab’), molecule. Each Fab’ fragment was separately secreted from E. coli and
subjected to directed chemical coupling in vitro to form the bispecific antibody.

Various techniques for making and isolating bispecific antibody fragments
directly from recombinant cell culture have also been described. For example,
bispecific antibodies have been produced using leucine zippers (Kostelny et al., J.
Immunol. 148(5):1547-1553, 1992). The leucine zipper peptides from the Fos and Jun
proteins were linked to the Fab’ portions of two different antibodies by gene fusion.
The antibody homodimers were reduced at the hinge region to form monomers and
then re-oxidized to form the antibody heterodimers. This method can also be utilized
for the production of antibody homodimers. The “diabody” technology described by
Hollinger et al., Proc. Natl. Acad. Sci. U.S.A. 90:6444-6448, 1993, has provided an
alternative mechanism for making bispecific antibody fragments. The fragments
comprise a heavy-chain variable domain (VH) connected to a light-chain variable
domain (VL) by a linker that is too short to allow pairing between the two domains on
the same chain. Accordingly, the VH and VL domains of one fragment are forced to
pair with the complementary VL and VH domains of another fragment, thereby
forming two antigen-binding sites. Another strategy for making bispecific antibody
fragments by the use of single-chain Fv (sFv) dimers has also been reported (sce
Gruber et al., J. Immunol 152:5368, 1994).

Antibodies with more than two valencies are contemplated. For example,
trispecific antibodies can be prepared (Tuft et al., J. Immunol. 147:60, 1991).

(vii) Effector Function Engineering

It may be desirable to modify an antibody used in the invention with respect to
effector function, so as to enhance the effectiveness of the antibody. For example
cysteine residue(s) may be introduced in the Fc region, thereby allowing interchain
disulfide bond formation in this region. The homodimeric antibody thus generated
may have improved internalization capability and/or increased complement-mediated
cell killing and antibody-dependent cellular cytotoxicity (ADCC; see Caron et al., .J.
Exp. Med. 176:1191-1195, 1992 and Shopes, J. Immunol. 148:2918-2922, 1992).
Homodimeric antibodies with enhanced anti-tumor activity may also be prepared
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using heterobifunctional cross-linkers as described in Wolff et al., Cancer Research
53:2560-2565, 1993. Alternatively, an antibody can be engineered which has dual Fc
regions and may thereby have enhanced complement lysis and ADCC capabilities (see

Stevenson et al., Anti-Cancer Drug Design 3:219-230, 1989).

5 (viii) Antibody-Salvage Receptor Binding Epitope Fusions

In certain embodiments of the invention, it may be desirable to use an antibody
fragment, rather than an intact antibody, to increase blood brain barrier penetration,
for example. In this case, it may be desirable to modify the antibody fragment in order
to increase its serum half-life. This may be achieved, for example, by incorporation of

10  asalvage receptor binding epitope into the antibody fragment (e.g., by mutation of the
appropriate region in the antibody fragment or by incorporating the epitope into a
peptide tag that is then fused to the antibody fragment at either end or in the middle,
e.g., by DNA or peptide synthesis).

The salvage receptor binding epitope can constitute a region in which any one

15  or more amino acid residues from one or two loops of an Fc¢ domain are transferred to
an analogous position of the antibody fragment. In another example, three or more
residues from one or two loops of the Fc¢ domain are transferred, while in a further
example, the epitope is taken from the CH2 domain of the Fc region (e.g., of an IgG)
and transferred to the CH1, CH3, or Vy region, or more than one such region, of the

20  antibody. Alternatively, the epitope is taken from the CH2 domain of the Fc region
and transferred to the CL region or VL region, or both, of the antibody fragment.

(ix) Other Covalent Modifications of Antibodies

Covalent modifications of antibodies are included within the scope of this

invention. They may be made by chemical synthesis or by enzymatic or chemical

25  cleavage of the antibody, if applicable. Other types of covalent modifications of the
antibody are introduced into the molecule by reacting targeted amino acid residues of
the antibody with an organic derivatizing agent that is capable of reacting with
selected side chains or the N- or C-terminal residues. Examples of covalent
modifications are described in U.S. Patent No. 5,534,615, which is specifically

30 incorporated herein by reference. One example of a type of covalent modification of
the antibody comprises linking the antibody to one of a variety of nonproteinaceous
polymers, e.g., polyethylene glycol, polypropylene glycol, or polyoxyalkylenes, in the
manner set forth in U.S. Patent Nos. 4,640,835; 4,496,689; 4,301,144; 4,670,417,

58



Anti bodies identified by the binding and activity assays of the present

i nvention can be produced by nethods known in the art, including techniques
of 5 recowbizoamisoDA t echnol ogy. (i) Antigen Preparati oRCT/US2010863506] e
antigens or fragnments thereof, optionally conjugated to other nol ecul es,
can be used as i mmunogens for generating anti bodies. For transmenbrane

nol ecul es, such as receptors, fragnents of these (e.g., the extracellular
dormai n of a 10f geRpor e used as the imunogen. Alternatively, cells
expressing the” ?ﬁalﬁlbtszhel)n%@r’?eﬁml ecul e can be used as the i munogen. Such
cells can be deri veg) Germatian dANUIBIiSTHHBSvhfele AnGidg ®ha@dlibralibnes) or may
be cells that have been transforned by reconbi nant techni ques to express
the transnenbrane rBpdethesempgdipsnt ﬂ’?l%‘@aﬁ@w@é‘éeféﬁlofa foyf opgretinghvent i on
are referred t r of
antigens for a%dlsﬁaéqgﬁtn?g%iéné%&%@l ge In tcﬁ%)léwna\}%&%ﬂgn ¥edraagnt| gens and
forns thereof ius@baeslgehaatiqpregumtheriy anbm@qﬂm@hmﬂlés tasedappatgdnfrathevdrhose i n

the art. (ii) Polyclonal bodi es Pol yc] onal i bodies are _ typically
rai sed in ani rﬁ?\‘F‘B%l gqﬂgntq ﬁ?’l@"‘z‘?ﬁb ‘Erélﬂ%ﬁ’g Q(Y(”é%@ maips A5BRY Pf oneal (i p)
injections of ﬂd%eﬁlﬁie@]@\ﬂﬁg HRULARIANArighe ﬁgﬂnh%@@Elecﬁ&n JRndigdisef ul to
conjugate the rel'evant antigen to a protein t hat’ 1s | mmunogenic in the
speci es to be anfthetiéspwith high gffinitk &y tacdetthieiantyesn, sreliedstiomi of thesseleated al bumi n,
bovine thyr ogm?Q | J, or soybean trypsin inhibitor using a bifuncti onal or
derivati zi ng agen for exanpl e, mal ei m dobenzoyl sul fosuccinim de ester
(conjugatin thr OUngbtaﬁhé%ith:{g% disp iy Ghbtisolds chir ByRuAX ¥eiksamplemydeoi/1 trigugh

| ysi ne residues) | ut ar al dehyde, succi ni ¢ anhydride, SOCO 2, or Ri N=C=NR
where R and thh%ﬁrélr%ﬁhﬁlewéfmf %llnkly}s egp@@ﬁétsmcmmarﬁdm@e&mwefmwpzed agai nst
the anti gen, ' rmunqg&l?é &aﬁx?)m HRah&Bod qura?‘i%g 'uye%t {B\ém%ﬁnépe\ﬁtlgg ngll EQ:' %r;gerat%dg , 100
p.g or 5ig of the protein‘or conj ug espectively)
with 3 vol unesyohutkiirgdthesaveno nekeitde al/entaghly anvekse Positixinis mgattlhaet @l @DRoN

intradermal ly at multiple sites. On rmnthlater t he mal s are bhoosted
with 1/5 to 1/ Gna?tﬁtorigvarmsb@ﬁ PRSI Oi L ¢fdhg R8s gan M?%@éP@ng HeFr eund' s
conpl et e LGad] Hurds pﬁ%l&d%k&@%@Hﬁe'eﬂibgﬁ}ﬂeﬁﬁ @ler®iriibBLlisthd &%an HEVEN 10
14 days later the animals are serum1s assayed for antibody titer.

Ani mal s are bagseraigd bﬁmumtmheosm@l@rm §m1@at¢§)RH21@n@ﬁiDﬂi3 todornbesibglest ed

th § t d.t di ff t t
andor ¢ r ough P it PEPUTE RS RTR G s SANARAS Bl adinele UG e af pe”

made in reconbmnaite weitbncinl CDRE3 asl EDRHGI (UDREHSI SSCDRHS @ fokmagaigggat i ng
agents such as_alumare suitably used to enhance the i mune response. (iii)

Monocl onal  AntliPs8di es Monocl onal anti bodi es may be nade using the
hybri doma thod fiy eFGh I 975, or
may be rra ge by reco llsr%lgnt DI\Ii%ggtsQI;{h%]:Jgés)(lftl senéseéag%é g?ne%qu ﬁ%‘% Pfélg\%wm]g
4,816, 567) . | mutixeonk yibthi dolrent medckable aad/@0higily séevense potitiers o QIRIPY,i at e host
ani mal , such nke IS | ni zed as hcrci nabove
described to Zcﬁ?lgﬁ? @M{/ g’? ?‘ﬂﬁﬁ“ws egeB?ratéiggu VA% Iyiatogy in ki ng
anti bodi es thapil lang peRIBI %Eiemﬂ%rﬂﬂ chPalbd16e REe@tRddRjuheh WRE cach other

i mmuni zation. Alternatively ocytes may be imunized in vitro.

Lynphocyt es th@ﬁer&raée blﬂéﬁé@lomqsme én@m Cwlekemplsi algr ensserineb ramflsigf ng

agent, su a | en form.a hyb |do ng,
NboC] Ona%@ Antsslelgg h ¢ Sf hg Icn%lln‘?% 1€5 ;td& bm%mg to atarggl an{lgen a ght cilam(h rary

can be replaced into the population of heavy chain binders for further rounds of

selection to increase the affinity of the binders.
A library can be created by substitution of original amino acids with variant
amino acids in the CDRH3 region of the variable region of the heavy chain sequence.
30 The resulting library can contain a plurality of antibody sequences, in which the
sequence diversity is primarily in the CDRH3 region of the heavy chain sequence.
In one example, the library is created in the context of the humanized antibody
4D5 sequence, or the sequence of the framework amino acids of the humanized
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Practice, pp. 59-103, Academ c Press, 1986). The hybridoma cells thus
prepared are seeded and grown in a suitable culture nediumthat can contain
one or nowe subsbwaces that inhibit the growth or survi valr/ustomwhssseanf used,
parental nyeloma cells. For exanple, if the parental nyelonma cells |ack 30
t he enzyne hypoxant hi ne guani ne phosphori bosyl transferase (HGPRT or HPRT),
the culture rredi um for the hybridomas typically V\,i Il include hypoxant hi ne,

am nopterin, 1 di ne di u whi ch vent .t he

Pt ot Micpatiob T et b Tnd Rt an bfietida BY SRLBORES PRIV S, | g
that fuse effi®i eotfaloy theHeRBAUhinSti@PARinbiailds bmseéd Wtﬁgm&ﬂoﬂgetaﬂﬁér&ﬁdy by
t he sel ected anti body-producing cells, and are sensitive to a nedi um such

as HAT nedi um thaddiecodpeset is ysad tq epdaa 3¢ ef vwanicaripo geids feegverhanc afay be

consi dered for elQma from

MOPC- 21 and &é‘s%%o%éﬁrésg“ unor ? a(%/al I g%%@%fep tcl)gr#{éﬂﬂﬁéal Eqﬁ ?&{3 ét{ngq@esﬁ

Di stributi gn GabtieiitionSaompliegthe seﬁuenbtsa)rfla)mdln&‘sﬁnﬁ eatbodbdnAgBLiBRSG isel | s

avai l abl e fromthe American Tytpe Cul ture Collection, Manassas, VA, USA
i)

Human nyel oma AftichUvEstHuRR P Retidicy yd Paith é‘F‘}nolaF#ﬁ‘é@G&Id%‘bth%Rﬂé D¥den

descri bed for ti I
| munol . 133: 3%1(@1 z%%(g{?ﬁ@%gOﬁ&@%ﬁ@%&{ld@ﬂ%@b@% Seﬁﬁ%tllﬁ&g Ig?r(c?g%é? on

Techni ques ancthﬁpphbsa:iattioomsqmmcs it sE&Riendd( DI &) s (DAKR e Iy arlotter ¢mbm/xm¥n1r K,
1987). Culture.nmediumin Whl bri e i ng.i s assayed for
oroduet Fon of TGS DR SRt aLoldr Faxfd ks 3 To P inergR he

bi ndi ng 15gpecdnkbddatty voth PPRAsd AWK coabh Lo dA @ sx RiAdsCRd I RYnYRE g cel s
can be determ ned by imunoprecipitation or by an in vitro bindin assay,

such as radi oi thmﬁwﬁdév CREpg thepe @mtytnbonswnm@dsqsﬁhmqm@%@ﬁks
(ELISA) . After, Bl % rlc?h Sclé(g 0L &9 (8 tlf(f%r a‘f'ﬁ th%nt' bodi es of
| CI anar nes ma

t he desired spéci or "acti Vi be subcl oned
by limting dldubititaﬁbna@orﬁp@geedwsequeaad(m@gmobmr siaaﬁﬂarotﬂsmmwds ( Godi ng,
Monocl onal Anti bodi es:. Principles and Practice, -103, Academ ¢ Press,
1986) . Sui t abl d2enndleniide frayences egn herfletermined bx ang ﬂ‘élll‘?ﬁldé ther%&ﬁﬁ@%éwgﬂ@t D- MEM

or RPM - 1640 F@gér%r’ﬂesérfbegﬂgle}nl on, the hybridoma cells may be grown in vivo
as ascites tumors in an animal. The nonocl onal antibodies secreted by the

subcl ones are sui tdbhyoth@pmbadmnzﬁlffar@nﬁmﬁ{bdﬂstgns erermgidizedhto isdate higb f | ui d,
or serum by conxent..onal |ip puri.ficati.on prqcedure h as,
For “exampl o, * pROEE bider s guee BRger B ansy FEE ORrD e cais hy e ge)
el ect r ophor esig.coitias %@deﬁatedoih 1@k fibfkt i 1¢he o@ahRe raallaménhough lengdNAI g8ERdI NY
t he nonocl onal antibodies is readi |éi3l sol ated and sequenced usi ngH{K

are

convent i onal pfr%éum¢a@§15(0é>e@ener@tyd uEB iy coity gambret@anded by ypins 8VK AHK
capabl e 30,,0f éﬁa%z{‘&m%ﬁ@&é 4 Gal dlaX ofe gﬁg@ﬁdl%}‘g‘@ﬂéﬁga&dﬁr NEAhaANd |1 ght

chai ns of nonocl onal "ant| bo bridona cells serve as a source
of such DNA Once |m9éra1t>edm alsb&;el@bﬂbrmd/mb@DRHa@ﬁdiCDmm eRtprdesighsst IR Or s,
st ceIIs such as E. . coli cells, siman

which are then_fra cted. into h
cos cel | s, Iﬁb@zf ffsﬁ%l f@lrﬂe&?/ﬁ g%:ﬁ@)te&w (argetpe o pyaicaRErd @niiodiesat do not

ot herw se pr oq!a oargqya&gﬂl&*a%kmme&%ﬁm thattqo&m@aﬂvetr&@ mypLhResys of
nonocl onal antibodies in the reconbinant host cells. Reconbinant production

of antibodi es mitthedibe titawtrilagrsity tlnmirme\d@tsaiemglbel ow In a furt her .
enbodi nent anti bocf«‘o?ﬁw%rsn? 1nnt éBRﬁ% rfn{lﬁ'%{ml trgrleg%gn cewlngtcr) i{Sled separately with

different lengths of H3 and then combined to select for binders to target antigens. The
multiple libraries can be pooled and sorted using solid support selection and solution-
sorting methods as described previously and herein below. Multiple sorting strategies
may be employed. For example, one variation involves sorting on target bound to a

30  solid, followed by sorting for a tag that may be present on the fusion polypeptide (e.g.,
anti-gD tag) and followed by another sort on target bound to solid. Alternatively, the
libraries can be sorted first on target bound to a solid surface, the eluted binders are
then sorted using solution phase binding with decreasing concentrations of target
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5from anti body phage libraries generated using the techni ques descri bed,
for exanple, in McCafferty et al., Nature 348:552-554, 1990.

Cl ackson w0 2ai1/05019at ur e 352: 624- 628, 1991 and Marks et @&lCT/USI01MDE3SBS ol .
222:581-597, 1991, describe the isolation of nmurine and human anti bodi es,
respectively, using phage libraries. Subsequent publications describe the
production 10of high affinity (nMrange) human anti bodi es by chain
shuffling (Marks et .al.. . ho/ Technol o 10: 779- 783 92 as well as
conbi nat or  al PHEGL g EEH e 2bdeTgy f or
constructing vahymlzaigtofkbRen dfRhBHigy tMESEdRYe@ice andlproviddd@ér Aci ds.
Res. 21:2265-2266, 1993). Thus, these techniques are viable alternatives to
traditional nosisetionefa mmbepodifagathigbafintteelamisques for isol ation of
15nonocl onal anti bagi e . nodified, npl e,
by substituting thgggggt;ﬁﬁlgyg g&ﬁ%%ret%f&héﬁ%wﬁ%@%yg& gﬂﬁéhﬁﬁlgtﬁ% H%rﬁg%(sﬁ
const ant ddmai Limiting divase iafthd HyH2asgibo danssendeparrae gban St (107 Hid Kat ent
No. 4,816,567; Mrrison et al., Proc. tl. Acad,. Sci. U S A 81:6851,
1984), or by cAvalRgPey HdiNersig prgvie OQGIOF‘?rﬁ%&‘h%f&PBthF‘?{ScH&PﬁQg sbgtiehce
al'l or part of,khgrerdl§ m&&%&@@iﬁ@bl@@@i@. mﬁﬁgbﬂh@bmv@ g%%% fole-

Typi cally, such non-imm %globulin pol ypeptides are substituted for the

const ant dommiindatodn ihiralatsithaiayay bond tolleferent episariss bf 4 wrgedartigent he vari abl e

domai ns of one anti - conbi ni site of an antibody to.create chineric
bi val ent ant 1 body. SAdBnBPRG Ry Pieran e gerita SRR frcsfivgt BBR B s

speci ficity f%eeﬁ-ﬂiséd%feﬁ&ﬁht@ﬁﬂli@@@iyhﬁrfuﬂ[&ﬁrﬁﬁ@v&%‘%@rﬂﬁﬂﬁl SintiRdRRerNg
specificity for a different antigen. (iv) Humani zed and Human Anti bodi es

A hunmani zed anpithsdéaht plpsn. olightoyhaimsiieersaiyiingengeated ip dys erobedimpntag fallosg int o it
froma source 1S . = : Bpgo 1 NQ. .aci idues are
often 30refer réel?iﬁf“%)' a?ﬁ@%@ﬁ?ﬁ“r&?%ﬁ%@?& I ch’%‘r@%}‘g‘&ﬁ%&‘ﬁf’@ﬁ%en from an
"inmport" vari adnkceded byRKI; aninmavid positiom a8 eiedeBISERY N lamingssid positie 31
followi ng the nethod of Wnter and co-workers (Jones et al.,, Nature

321: 522- 525, 198%:00¢d BeANRnimaro 891 positnutaes sapdadly BHY; ontigaslly. g8ioeyen et
al ., Scienge 239 JAAn5536ench QB8 CTY. i8Sl L Yrhi RPposliRH80ks SRRty COR
sequences for the correspondi ng sequences of a hunman ‘anti body. ACCOI’gI ngly,
such "humani zetBGamminbedideesitio®m 5t tyiemerded bartV iedd eptiqralls. anfPed @nd pddation

4,816, 567) wherei b i al.l th intagt.h i\abl e domai
nas been subst it arRIEyPY HUEdp FRNaRang dheeoR®? otraedn nahan
species. |In 5 gRB6LBAR anlikORAd B&SkiANI b ertotsd B BMY Rived) Acyd pusitem o3¢ i bodi es

in which sonme CDR residues and possibly some FR residues are substituted by
resi dues fromaaaeded sl kiaparo acid pesgiamtd4amendedel] kisNHT; and amipe a¢ith ppsiiéorof
human var igpl I bt I heavy, to be used in naking the
humani zed zg)ﬁt ?b%g?@soa?dsbvery (%rn\gg&r}togﬁ?(ht 0 reduce antigenicity. According 10
to the so-call ed "lesicthdrteibo@intead a libreey seliptainseviof divdrstwiardizRiie domai n of
a rodent antibody is screened against th ntire liprary of known human
vari abl e- domi‘ﬂDé@at@ﬂng@%hﬁ?%@ﬁ o FEis o st e b b WL of
the rodent is jtBeR AR a@i%tytd?%n@HH%PHBrrggm% uéi(ﬁjfﬁqariﬁﬁfilytc%orhéé@m zed
antibody (Sins et al., .I. IrnifunolL "151:2296, 1993; othira'et al., I ML
Bi ol . 196: 901,X1A8RA)NNAnotVNEr Liveartes danubermed using individual oligonucleotides and

25  pooled or oligonucleotides can be pooled to form a subset of libraries. The libraries of

this embodiment can be sorted against target bound to solid. Clones isolated from
multiple sorts can be screened for specificity and affinity using ELISA assays. For
specificity, the clones can be screened against the desired target antigens as well as
other nontarget antigens. Those binders to the target antigen can then be screened for

30 affinity in solution binding competition ELISA assay or spot competition assay. High
affinity binders can be isolated from the library utilizing XYZ codon sets prepared as
described above. These binders can be readily produced as antibodies or antigen
binding fragments in high yield in cell culture.
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15 particular framework derived fromthe consensus sequence of all hunman
anti bodi es of a particular subgroup of light or heavy chains. The sane

f ramewor kwoayiinsoiszed for several different humani zed amCirhisdéiess{5@art er et
al., Proc. Natl. Acad. Sci. U S A 89:4285, 1992; Presta et al., J. Immol.
151: 2623, 1993). It is further inportant that antibodi es be humani zed with
retention of high 20affinity for the antigen and other favorabl e biol ogical
properties. To achieve thi cco 0,a e Iar nmet hod

humant zeq.ant i bodi 46 “ape AnPedRRus PHRLbCIEHE SRRl Bits Sihiiteasr ent o
sequences and Jadrkilis 16RIRIPCDRHNRERAI FofkxRinPMIR nfayb3idograblerte gesbratensi onal
nodel s of the parental and humani zed sequences. Three- di nensional

i mrunogl obul i nhvgréesvetherRRHQ megppnisyanging freqp labowd fdo 4P amingriicidsar t o 25t hose
skilled in the art Vi I e and

di spl ay probable th}rhgg gﬁ#‘ ngkéﬁéﬁg{o%dﬁ%ﬁ#get@é%a of l}egeg‘%%éoéiérgorﬁg %él ect ed
candi dat e iSmukadjlyghotuced Segueridend ehlasagic tceld tulaire inhﬁgeymlnds ffhaysct@ec#i t S
anal ysis of the |ke role of the residues in_the functlonlng of the

candi dat e i Plgb tp feadgly ERapRYE sequeaces siis gllingss vialgpataflyes t hat

i nfluence the QRjdohdry S%eﬁ&emﬁ%}% dad & c'oﬂgﬂdﬂ % g hdhelQo n%ﬁ)\}?derfgr Its
antigen. In this way, F resi dues can be sel ec nd conbined fromthe
reci pi ent and progstion seildeneggsargibodibacr anhgexdaadlngﬁagntntzbmdygfcﬁaldact eristic,

such as increased aff.jni for the t antlgen S hi eved.. I n
general, the CDR r s/ BaEcvs BhaPEub L SRR i SRS i |
i nfluenci ng antarig@veRididionBther CDRs, for Nal®ld@ORY.E|ODRLE, ABRIMMWHXASEi bl e to
produce transgenic aninals (e.g., nlce) that are capable upon

i muni zat i on, 298/0pCHRIEL nEhus, Torieiample & ensi anebodfmant D RHS ﬂlb@w Bs in the
b f F b 4 h b
sbsence of 0GRS TURRIBNLL B ALOUNEL LS, s SRERLS a8, 1 Doer,

regi on 5(JH) gﬁnbodyf‘seqﬂmnﬂewithvaﬁuilt gamdracide at pasttang 28112030, 88, Wntékr BB conpl et e
i nhi bition of endogenous. anti body production, Transfer of t he human
germline i nmHSEEIRBEFTRINGE fedoRrsElgy I #podics Ampeditent b with muagans o |
result in fshe qg @lec%befcommwﬁﬂtam%e&nﬂgﬂ% ABhhagIRAPahd/ENge. See,
e.g., Jakobovits et al Proc. Natl. Acad. Sci S. A 90: 2551, 1993;
Jakobovits et GPRH2 Neaavyrcbaid 62ridtB&d@b@ns. 19 98¢ eBbarjgentnéia € TR H 1L Baary,is Year i n
| munol . 7: 33, 1 d.Duchos Nat ure.355:.258, .1992. Human

anti bodi es can™ ?dsw%}ép élpfn\z}lélaec?%ﬁ?%yhjé%s se&f]%rBF?ﬁ}t IYRHPH AR 19853 enboom et
al., J. ML Bigkitiod278,368131, 39%hd 3VRRKSDRH2 @ibrary shay B réfikd with @e sequence

222 581- 597, 1991; Vaughan et al. . . Nature Biotech. 14:;309, 1996).
Generation of Hikmaniast IHEetEDT Fokvarant Boiy asiisgepasitons a0 %2 bhafi s i s
further deggcri i ragnent s Vari ous techni ques
have been eve%aggggﬁkgr tég&g%ng@ggtc{}%g}ysgﬁ anti body fragnents.
Traditionally, thes(e;)WnahasrBerBtamre derived via proteolytic digestion of

i ntact antibodies s. Meth.

. Mor . m Bi.qph
24:107-117, 1992 aﬁ@‘ BP%‘?ﬂﬁi g&'ﬂef%ltF 0@&%@@%0@1 eﬁ@@?})moqlﬁeﬂa er, these

fragnents can g%gé’i/at%%ni?l%dﬁﬂn‘ﬂﬂ&}ﬁ@%tﬁl'hﬁ%x%%cb’p}m(lcéle&f&ﬁ@éaﬁ‘%HH/oPQi%Iogfc%i I's. For
exanpl e, the antibody fragments can be isolated fromthe anti body phage

libraries di squemssidsatyevibe pakitannixidyy d¥here fhalaSsaﬁﬁsefdnaghvingscabarmvme directly
eover e o R S ATL S SRS RES P Bl BT
descri b%célj\ll4 N theasedom 10 fb]ﬂLHgPér ét]t]@si;aﬂﬁgt Q%follcﬁbétt@ilf lﬁﬂé?éﬂﬁbd;ﬁ 50 higd Bétkeeuci ne
zi pper to pronmote assenbly of the F(a mol ecul e. Accor |ngto

anot her appr od@h SOIREtHRACs)2p lopstagp 08 felder BRO & beé&eé(ﬂlﬁﬂlth%‘élploﬁlcﬁlrﬁﬁﬁvﬂy of

it body 11 agranp Ll iidy 4 Sau S ol SN IR RRL Sheck ARVRUORUER 8RO o,
enbodi nent s, tHaee abindmgd!jf 1ofy ferhhe cegdt hadissit frgitabahdDolt¢trbigag melkhst( SCFV)
(see WO 9%/ 16

a out 20 fold stronger, at least about 50 fold stronger, and sometimes at least about
100 fold or 200 fold stronger, than the binding affinity of the parent antibody.

To generate the antibody mutant, one or more amino acid alterations (e.g.,
substitutions) are introduced in one or more of the hypervariable regions of the parent
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30(vi) Multispecific Antibodies Mul ti specific antibodi es have

bi ndi ng specificities for at least two different epitopes, where the

epi t opes wopeougsaiky fromdifferent antigens. Wil e suclrcraliseciloszsoaor mal |y
will only bind two different epitopes (i.e., bispecific antibodies,

BsAbs), antibodies with additional specificities such as trispecific

anti bodi es are enconpassed by this expressi on when used herein.

b, o1 TR ARSELLH AT LRRELE Bl SR E, it o

coexpressi on  ofanhdiorio rdgiRLIBAGR Pkl b8 iMRRAMYedGh M pakdn® Ritibobpiie@hdss, Where
the two chai ns have dl_fgferent specificities (MIlstein et al., Nature

305: 537- 539, 198d)in apiaprgsEngtt it the bindingaiinitysdthauntibodt mpiant fabdk entigenn
heavy and |i in t i roduce . enti al
m xt ﬁr e of lg%ﬁrﬁpgrsgﬁqndggﬁrﬁ%l%%%ﬁg%‘g%ﬁ glglg fégg f@ﬁ%ﬁoroﬁﬁ%gonorgséaﬁ%ggt he

correct bi Speanbdity istlndecthuseahat MonichidattiyGinddntiphiedieetly eahitRPhleSulegee Whi Ch
is usually 10 dane %éaffi ni.ty chraonat ography steps, .is_rather cunbersone,

and the product3yité17as. Li8e): itractayity alkset the sefpmation of & CRRs (hedugietiah, o
93/ 08829, d 4 g1 et . 10 3659, ) di t
and jmy BfAURBONE01 2 98Y), ia%ﬁﬁﬁg%cﬁ%a?e Rev36Y ént%z%%r(glg@g?’r ing to

a different approach, anti body var ns with th ndi ng
speci fi ci ti es 408B4). Hodyrtan tingedimenisirnodification bEene @meort ubawth firamework

i mmunogl obul in constant donmi.n sequences, The fusiop.can_he w.th an

151 ool obuERORES A LHAITR 168 SraRe I He vedmAung! B¢ ittt ¢ of
t he hi nge,10CH3he AR 1BO4ROR midafild §leciBe At &hAHIB, FRNabARbnd 891 ON (CH
1) containing the site necessary for ht chai n bi nding can be present in

[
al | oast one abovHwertsieoek repkies ol dimis smbadontms b invsetoy chai n
fusions and, Igonge%%eg%g"sngah%elsu 101% gtlogll?e"f(lil A lt{b%ﬁ])%m Pa%{ snlrita re?orlurgg?rtEd Into
separ at e expressi on vect or%l, and are co- - 2o ransY Ected™ At 6 4 'sti't abl e host
organi sm Thi rafidicadieislsf ®kn gherinoht 6Xihbhlpdryariableaeljioistekidgestaee Bashual
proportions of the three pol ypeptide fragnents in enbodi nents when unequal
rati os of the ARirde NoBPY e poVeretdhaigodismytaptvillifampgssiddiftanabn provi de t he

opti mum yigl d%ygé&a"a%ieﬂ%?i\éﬁ\éﬁér tim@_si ble to insert the coding sequences for
i'de ch

two or all threéee pol ypep alns in one expression vector when the
expressi on of at | dasthy@Sranableotgipepsiddes tbitaradterad regutal chaaged omndoadyl ts i n

one exanpl o orPHTDY ERAE HA TR L g ARr PR i Sl anudy b b ueh of o'
hybrid i mmunogh@ikdly prod@edianthslyihitica telrblilyRiReicag specificity in one

arm and a hybrid i munogl obulin heavy chain-light chain pair (providing a
second bi ndi ng 30sp¥¢ivweisl prggedure fongengrakiag sushantibady vriaritong salladhataningi s
asymetri G,str s LT . rat.i.on,of.4Hhe HAesi i.specific
conmpound 1?2 rO omsg%%\lg{r%e%%&&%%g%ﬁgﬂhp% rllI§ %%g'i Lﬁgl%:ngﬁ%?%é@%]oln@,%’ E%S%Shlgérﬁ’r esence
of an i Mmunoglmmdré of the ferafiable régiorombiuds)ardi@blaceal byt Akenil & pebiafahihe

nol ecul e provides for a_facile way of separation. This approach is

di scl osed in \Aﬁlfgﬁm&e@f&ﬂ\%ﬁem?@?tﬂ%&f thestnaine acigs Wik Hsratipangren dseesomdc

anti bodi es Se&uarhQhliAX%PERLE Thot 1§D BrvElialAd regiowl%égsfimg%%@mhﬁngli%&éﬁ% 1986.

According to another approach described in WO 96/ the Imtertace
bet ween a pai rsewdfitihaiyttp Bedybstitdteos thes acanfiixe byrigirermemg durtter mextheri ze t he

per cent age, .5 of heterodi s that. are recoyered fromreconmbi nant cell

Bl ture. “He rryarrseEo iR sy s rpEathlssvpnt Bske IR % fiti n of an
anti body constaafito s9dBighenck Ratidtios iBLRASMIAACIHR hatlRy & tBRllatianbérQe acdgd si de
chains fromthe interface of the first anti bodéﬁrml ecule are replaced with

| arger side chgl pspredetgyminady Ihs ialsemyants pyogduesdribis yway @srrseanes for frcircavi ti es”
of identical Qfq 5 h@fvi§ & Qedfbddierdiftr 9¢ side chain(s) are
Normally one would start with a conservative substitution such as those shown
30 below under the heading of “preferred substitutions.” If such substitutions result in a
change in biological activity (e.g., binding affinity), then more substantial changes,
denominated “exemplary substitutions” in the Table 4, or as further described below
in reference to amino acid classes, are introduced and the products screened.
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10 created on the interface of the second anti body nol ecul e by repl aci ng

| arge am no acid side chains with snmaller ones (e.qg.

al ani ne or

t hr eoni newo 20hivsoProvi des a nechani sm for increasi ng thecyiuskaoosisvhe

het er odi mer over other unwanted end-products such as honodi ners.
anti bodi es include cross-linked or "heteroconjugate" antibodies.
one of the antibodies in the heteroconjugate can be coupled to
g&g ‘Euch ant i bodi es have,
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Even more substantial modifications in the antibodies biological properties are

accomplished by selecting substitutions that differ significantly in their effect on

maintaining (a) the structure of the polypeptide backbone in the area of the

substitution, for example, as a sheet or helical conformation, (b) the charge or

hydrophobicity of the molecule at the target site, or (¢) the bulk of the side chain.
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pair with the conplenentary VL and VH domai ns of another fragment, thereby
20 formng two antigen-binding sites. Another strategy for making

bi speci f iwoanti/dsordg fragnments by the use of single-chai RCEWSeEIBWF35dé mer s
has al so been reported (sec Gruber et al., J. Immunol. 152:5368, 1994).
Anti bodies with nore than two val encies are contenpl ated. For exanpl e,
trispecific antibodies can be prepared (Tuft et al., J. Immunol. 147:60,
1991). 25(vii), Effector Funct.ion Engineering It may be desirable to nodify
an ant i body USSR PHRUTIREHTG AATHHST BEHEEHPS B PEEroT R, S0 as
to enhance thegygfd@gt i veness of the antibody. For exanple cysteine
residue(s) may be introduced in the Fe region, thereby allow ng interchain
di sul fi de bond f or rhxhydrophabictioslepeing, oret, aFhgalhlsioldi: neri ¢ ant i body t hus
generated 30 may hayve |inproved.internalization capability and/ or increased
conpl enent - medi at egyc%uﬁpjk}}yﬁfolp%’%wawa’ Saeﬁtﬂl%rb%%lyﬁé‘t‘ependent cel lul ar
cytotoxicitsy (ADCC(3eeliCarmeigt al ., J. Exp. Med. 176:1191-1195, 1992 and
Shopes, J. I nmmunol . 148:2918-2922, 1992). Honodineric antibodies with
enhanced anti -t unol®XResicyhis\lysalg: al so be prepared using heterobifunctional
cross-linkers as d L o —al e G e rch 53: 2560- 2565,
1993. Alternativel 3,%%119%%#?%6 ye%{a?nc(?l lgqjgﬁaﬁa%grcg%p%ﬁlﬁc has dual Fc

regi ons and may t hééebymiavapewhaheed conpl enent |ysis and ADCC

capabilities (see evenson et al .., Anti-Cancer ug Design 3:.219-230,
1989). 5(viii) Ant MP%%%@%&%PW%%f%@&&%@@ Preiob e of In
certai n enipodih®RthsRE fdrhgothBvE@nti on, it may be desirable to use an

anti body fragnment, rather than an intact anti body, to increase bl ood brain

barrier penetrati odnafaheremdndiment, the siths selasteddor medifregtiob@rapdBiitaiphioredo
nodi fy the antj body fr in order to increase its serumhalf-life. This
may be achi eveuéglgfpé?geecg%%ﬁé?e aL}i’f/m?)hcorporati on of 10a sal vage receptor

bi ndi ng epi t ope i ntNucteieacahinbRodlys dncadag Binotchl seqicdthiahisare BEpdr&ieby
appropriate region in the antibody fragnment or by incorporating the epitope

into a peptidé Yeagvhgethods ke Fibewrtt bhaspactnds Beke.fuagreat miteddps her
end or in jhe Jﬁ‘égﬂlcfeotige—gredia% (%e%re&%@tlhﬁ{g%e%gﬁg {%Q@ %) 'KU-BQQ, ?ﬁdcyi?gﬁ
n reg or

[
recept or bi ndi epitope can constitute on 1 howhieh any one
nore am no acidbade®si.digd. 82:438, dA&S)oPCR wtdgeogss, afid @nscHe mitagandsisarfan

transferred to an anal ogous Eosition of the aﬂ%jjbod fralgogirent. | n anot her
exanpl e, thr e RSPECY BAGHLESL 199 M BRe S50 Nd s &8 He Fc dommin are

transferred, whil e Berfid dhBdIRheRX WPABbod,NBu@R WiBIRRALY Bavt akRBIef rom t he CH2
domain of the Fe region (e.g., of an IgG "and transferred to the CHl, C113,

or VH regi on, hopermgrablemgian sysalug gebstipuses. dn othef embralipenisttivp etispore of the

Al ternatiwvwgly, [ I.S. rom.th 2 .donmain _of .t Fe region
and trans gr r ehé{% %}garfaﬁié: rgﬁlgrrl éeas}%%é(%{r}h{/fm?netgafl ﬁ'?f’,%?a‘é‘ﬂg%‘{%?ee%fs ukfsﬁgneéih?'gbody
fragment. (i x)frdok Aigyut Saveladoiit tibklipehvadhble rgicafsubniitithpgl es Coval ent

nodi fications of antibodies are included within the scoloe of this

i nvention. They mayPrBeay dde B?‘_“%’Hé FRUEL with ﬁ@ﬁ%?‘%biﬁ}oglﬁ‘ AEAFHest il hgye
chem cal 25cl| eavag&, Qid dBeRPhAARI Y ledst 7R R FAR Escq e [aehH &5 sitfilafiv al ent

modi fi cations of the
with the amino acid sequence of either the heavy or light chain variable domain of the

25  parent antibody, for example, at least 80%, at least 85%, at least 90%, or at least 95%
sequence identity or similarity. Identity or similarity with respect to this sequence is
defined herein as the percentage of amino acid residues in the candidate sequence that
are identical (i.e., same residue) or similar (i.c., amino acid residuc from the same
group based on common side-chain properties, see above) with the parent antibody

30  residues, after aligning the sequences and introducing gaps, if necessary, to achieve
the maximum percent sequence identity. None of N-terminal, C-terminal, or internal
extensions, deletions, or insertions into the antibody sequence outside of the variable
domain shall be construed as affecting sequence identity or similarity.
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anti body are introduced into the nolecule by reacting targeted am no acid
resi dues of the antibody with an organic derivatizing agent that is capable
of reactiwgQwittiso®el ect ed side chains or the NN or Cteoirnskomwesisdaes.
Exanpl es of coval ent nodifications are described in U S. Patent No.
5,534,615, which is specifically 30incorporated herein by reference. One
exanpl e of a type of covalent nodification of the anti body corrpri ses

| i nki ng the anti bo t 0. one i et f nonp rotei nac ous

e.g., polyethyl eneqﬂépf}‘é’ﬁllgpr?fg? %@&‘f @ﬁ%’ §¥ ﬂlfrb‘?)l8g‘§i @BYIEW@{;% in
the manner setméledlldreldliviliothe B&%ﬁ%ﬂb&@ is AotBhfin@B54 s Hotéhbo08 Mis thag01, 144;
4,670,417, 58 4,791,192; or 4,179,337. (x) Generation of Antibodies From

Synt hetic Ant |1¥Md\/’e duesméining the dinding affinity andfoy other biolagesal aotivisits nbthe, t he
i nventi on ma r nd sel e vel ntlbodles
) y b p‘&é I@a rpe(a %‘fﬂ ?ofath 100N ap f’ aé%R% alP}lt s ans Is

usi ng a phage y a proach e approac i BN

synthetic ant iggdyedpiageretricl farbigdindafsiaty et tisd aﬂ)@lg@i cﬂrraamﬂhkthbl%ﬁﬂ @hee,
design of sufficient diversities within variable domains, display of

pol ypept i des HAR¥EOE he 2pfibedy siantselpsier Aiopethisdisiphisrees ateapiipalyof

candi date anti and
i sol ation of ts‘&%@&t@f%‘é&%&g an'?‘%1 fbuahléﬂegs}blb%a%etc {é\?}F}QgE%yL nﬁage%?@%l ay met hods
can be found, th@amttbnaymhmnt(mlﬂﬁdnhmaB;ndidgeafﬁmty areindestusofiliress. dbr whi ch i s

expressly |ncor ed‘aJ]er ein by reference. In one exanple, the
ant i body I|braﬂr wﬁ’ssé %% the invention can be generated by nutating the

sol vent aqeessi bl e aadARHodl 'rrﬁﬂ@elrﬁt’(s}jéoVs%fe%f%d %h%'b%'sﬂ?éctéd‘to%rﬂke@%ﬂdﬂ%@ﬁow of

an anti body variabl e donmain. Sonme or al can be nutated using

t he 15net hods oftcotiheiedtpprating on the intenslge usmfdhh ameibody. Sich ercslificationstoay

i b CDRH2, d CDRH3
to Tarma si ndhe T BRaRReaRe JHEhaR A REhIARS AL Bl comre 1o

form a singl e polypestide(s) and/ycoralb@trnalii@ishs dueRas thosddDBogatadisk1 &PRWAih CDRH2,
and CDRH3 to forma single |ibrary. 20A library of antibody vari abl e

donmai ns can bé&cHEFL? @PE’& acﬁdﬁﬁq‘@%ﬁ?eéamﬁé\??{?fgplﬁmIﬁ‘?qlﬁ?ﬁlopfhar? sebargtedent
accessi bl gsan %%S]J

Anot her I|€lbra?{?9‘é:ea2j gée\régf éﬁt avi %gﬁé&uﬁtg‘ﬁﬁoﬁl“#‘ %la%gthé%gﬁ)f and
CDRL3. These ICbtnﬁoamttem ocfain: @hb@iyhﬁumeﬁsmma}d@rquhsmmemrgemrhlty wilc kermehter t o
generate binders of de5| d aff.jnities. For e after one or nore
rounds of 25s SPRIVE i o5t aﬁ@%?f@‘hﬁé?frﬁhq nefeails %‘é‘iaI?nEYenb?'?‘?ﬁﬁaﬁ‘g“?SS%& P8r get
antigen, a |i githveba yn;#tbﬂaé 8504 gacﬁb A188] RIRMartiBb@, fohRpRARYWs alabigly of heavy
chain binders for furt roun s of selection to |ncrease the affinity of

the binders. (particulaly whareithy ag@lppdyes @rr@mbe@ly figensapbsuchtagen by fregment. gi nal
am no aci % tllgthe?{}}gg% arfﬁlmoggld%dtgrﬁ§a% z;]%re ugrl)(co n)élat% O%ttgrn tIt}.'l?s V%rnl% Zlblnea

regi on of the ‘N eavy "chal n sequence. "dHary can &

plurality of aohitwddy &Eﬂu@ﬂm mdr8 cmbbl@fdrdté‘lﬁlo&ﬁqyﬁ)ﬂﬁ@nﬁhy eiitotly, and/or
primarily in tH@ regi on of the heavy chain sequence. |In one exanpl e,
the library i $¢P&apeef r}’?fetghféoﬁ/é?ﬁlf’éﬂtesdhatta%n%lHFFé?ﬂtiléﬁleéﬁ"tﬂP%dy

Glycosylation of antibodies is typically either N-linked or O-linked. N-linked refers
to the attachment of the carbohydrate moiety to the side chain of an asparagine

25  residue. The tripeptide sequences asparagine-X-serine and asparagine-X-threonine,
where X is any amino acid except proline, are the recognition sequences for enzymatic
attachment of the carbohydrate moiety to the asparagine side chain. Thus, the
presence of either of these tripeptide sequences in a polypeptide creates a potential
glycosylation site. O-linked glycosylation refers to the attachment of one of the sugars

30  N-aceylgalactosamine, galactose, or xylose to a hydroxyamino acid, most commonly
serine or threonine, although 5-hydroxyproline or 5-hydroxylysine may also be used.
Addition of glycosylation sites to the antibody is conveniently accomplished by
altering the amino acid sequence such that it contains one or more of the above-
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4D5 sequence, or the sequence of the framework am no acids of the humani zed
anti body 4D5 sequence. The library can be created by substitution of at

| east reswoues/B69200a of the heavy chain with anm no acipd3/usaciomsssoby t he
DVK codon set, wherein the DVK codon set is used to encode a set of variant
am no acids for every one of these positions. An exanple of an

ol i gonucl eoti de set that is useful for creating these 5substitutions

conprises the seguence (DVYK)7. In some.enbodinents, a lihrary is created by
Subet ] uti o SESHHE G T A HEP o Rgle d GHBBRAN IR and
NNK codon set syisofWt BRI iR £IditAR oF] dr3aRualRA by Mhe 8 ndkd@kink 8r #hs@hite foOr
creating these substitutions conprises the sequence (DVK)6 (NNK). In

anot her enbodimuidues tetheisprugnse dfshacoriganad dntihpdy (fos Orlinked elyceslylagipn bigesk t

resi dues 95-100a Wi(%ii arﬁeggmgi:;lrﬁi&&gggc&dfq. 0 iebot h DVK and NNK codon
sets. An exanple of"an ofrrgonuc cmiue—%et—rHnghs useful for creating
these substs t uti onFof asEpmbmas: fréicESbIRMCR HEMQ) nhel&ibBl) endvagighBs exanpl e
of an oligonucleotide set that is useful for creating these substitutions
conpri ses t he aEhedyrie isolatgdiang insexterbintosacsmigaple V@Ptostﬂrg'ameéclenmgonucl eoti de
sequences can 1 i i i to the
15criteria des(cg;l(rﬁp ﬁg%%ﬁgbg@gw A)Od}%llsér%pgéﬁ%g?ig}q %Q ?@?I}ﬁéﬁ%f;}l%ﬁl%%ent CDRH3
desi gns ar e utankibadyds teadilsBblated ahd shauedced nsihy chrivagtemal prockduresi(sgl bt e
binders for a variety of epitopes, The r e.of |engt f CDRH3 generat ed
P Ehi o 1§ br areegm ool abegha bRl SO OYRE NERGAD EReY ent 11 om
this can ajgso éﬁ@o&ﬁ%‘ﬁéﬁéﬁg-an&@gﬂ'dﬁ§%§bﬁ}ﬁ¢ GRS MRANEEE e Bedine NNK,  DVK,
20 and NVK codon sets, as well as nore limted diversity at N and/or
C-term nal . DiVhervsitoycamaponaits gergenllyandndet bel arqnaCORKE &m @nCBRMPre ofle desi gns
of CDR- H1 andf ﬁlgwﬂi yaesrisia isee%erfcglg OW. thef st ra{.ergy of tar qﬁt knggﬁt Oommec
natural antibodi &% g‘epegrf oI FETHS Hedt ”?%éfap%ﬁal noaPf et TR AT #bcus t he
di versity norenhhRsedlymemtLhiegolcd abhla uanlckpadn din@hSdd qtidhan () a1l ous
design. 25For diversity in CORH3, nultiple |ibraries can be constructed
separat el y wi tdgsdibed &é@t Patgp{d¥h 338013, pehighhig speséfically spipeentedohesdin B¥t  f or

bi nders tq tarrgpe;eng‘gjti gens. The multiple libraries can be pooled and sorted
usi ng solid support “sel ection and sol ution-sorting nethods as descri bed
previ ously and her éuitaliie hosncellslibt ¢lphing sloadprasging theddeqiie the vagtolscheivpiroy ed.
For exanple, ope variation involves sortin n target bound to 30solid,
fol | owed by schff PIRGAYIF 3§a§t’a(§\{’f5]i’§f e‘ﬂ‘&?’"ﬁ’eceﬁ? g?&‘ﬂl?ed Yt ‘Ftﬁglﬁé’ili&ﬁ’c'ﬂo%epti de
(e.g., anti-ghot@dpuditde frRlldeweshclRYia 20N RetiragPidoa®it dras@ftpReNAd to solid.
Alternatively, the'libraries can be sorted first on target bound to a solid
surface, the eargangehspiondxaneplertmtarplaicsioveaesuohsi kgchsothivican, hlvake bi ndi ng

W th decreasi concentrati.o of .t t igen, Uidizin onbi nati ons of
di fferent ejgor p% rtlegrgbrfalg ° o%glnﬁ?’géld%fleesua?l(;)@%ﬁ ’znﬁlg}ﬁln(%lae ?’()erg"o‘#”l"swe'fegl&?ylp%am”gfu%nI y

hi ghl y expr esskéafig@uerienssiandr@savisdad Shivells ek ecllia9Badfli auchusbeyusifis
different high affinity clones. High affinity binders for the target
antigen can benfloficlesdorriving e lchorfarmisd 1P disclopss ip Y266, (Psi ty in the Hi
/[ H2 region de C f i,ng nmore H3
di versity pr Oﬁsﬁ%@ﬁ%g?se%@??ﬁi %ﬁﬁég’%%?n%ﬁ? ;S nrlg?tr?grg’?essf %Urgie?%gp %?Wﬁ?ari es with
di fferent typesondfg ldisvie s caly294n AGORH31 4460) galthough dtharistrainDMiChas ENvF) BpE.ovi des

anti gon, G THEEY MG T o 0 1 G thS Dbl Lt PBrart b nebledbrhad
above, it has ckfmpReire dieayR 8tet Mal lidfddeni ty may be further inproved by

providing limted diversity in the light chain. Light chain diversity is
generated in this énddsdiionenprekeryotss) ptic 1@DRebEs sentas dilasedntous dwigi pon 28 i s

encoded by RDT; _am.no.. aci osition 29 is_ encoded by RKT: am no acid
posi ton 30 1 SeEh st s SRt b S B AR 4aioliaa BB 4 "by v

am no aci d posatéharondled Gr@iiadedeonymdit-take©PidasnilthymoaFomehohbagkd position
33 is encaoded by CITG in CDRL2: amino acid position 50 is encoded by
30 among lower eukaryotic host microorganisms. However, a number of other genera,
species, and strains are commonly available and useful herein, such as
Schizosaccharomyces pombe; Kluyveromyces hosts such as, e.g., K. lactis, K. fragilis
(ATCC 12,424), K. bulgaricus (ATCC 16,045), K. wickeramii (ATCC 24,178), K.
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KBG am no acid position 53 is encoded by AVC, and optionally, am no acid
position 55 is encoded by GVA; in CDRL3: amino acid position 91 is encoded
by TMI' orwBRo11as0190t h; ami no acid position 92 is encode@ChyusRmeoszEos no aci d
position 93 is encoded by RVT; am no acid position 94 is encoded by NHT;
and am no acid position 20 96 is encoded by TWI or YKG or both. In
anot her enbodinent, a library or libraries with diversity in CDRHL, CDRHZ2,

and CDRH3 regions. | ed. . In i S i iversity in H3 is
oner ated uer g G RERGSEDE i rl lspmIRE e Ml A R
codon sets XYZuafthnhNiaoswibikse 402,@1@!Pz@§ia?aﬂohﬁ(HIDIS’B?(WOMSGaﬂGidh;ndi vi dual

ol i gonucl eoti des and 25pool ed or ol igonucleotides can be pooled to forma
subset of |i brAfghadernmpeesiq GP2AtEd4h Newigsrora st REhvanégmyses sishagd agai nst

target bound té%hﬁgl(lqlz%ﬁc%\?{):ﬁcﬁzgéc?zﬁ%ﬂé%@n%ﬂs rﬂ!ﬂ i Is heds,se(.) :é lﬁ?tﬁgﬂ)opae scr eened

for specificity an assays. For sp I CcI'ty, the
cl ones can She BaicdimedTagpgdcisliunt, hed depdrpitids hastgeith anil.i rgewisnsamndwe higeas ot her

nont arget antigens., Thaose binders to the target antigen can then
screened for 30affisi‘|‘i‘t!f""§e gﬁ%@?ﬁf{”i bR CHTRTIoRGT ebpRiated B bedy) am %{5@3&08} spot

conpeti tion asg@celflBrahishB! EYarRhIBIGT iﬁve‘?@ﬂra&%ei@ﬁllcﬁﬁi@glaflf ADihdRE: dehprary
utilizing XYZ codon sets prepared as described above. These binders can be
readi | y produchdmemushadubyaizesraos anthvirgets apil ndiresgoridizgpemissive mshétdlostyi el d
incell culture In.so odi.ments, it b esiraple to
generate |i brarleTORiCHs 5“%5‘?85{‘;%”?0%%@(‘%’??@9’“i(?'r‘“‘rfgﬁ‘évfée%f YEFB region. For
exanpl e, it Wo%iﬁ%%eﬂ@sbﬂ?oﬁi&uﬂ@fﬁ@gﬁﬁﬁ, iR HiaSe Ml Bs LIRER 1§ Sl NS

S.

rangi ng fromabout 7 to 19 am no aci High affinity binders i1solated from
the |ibraries &fiyhewy hanpbenidantisedr & vaneudf vijel shgavegranviedigaeer i al  and
eukaryotic cel ], gy E%’Jiﬁbfe”e.g.' 88 Y1 x%l tonhAeuzé/g?@I‘;ﬁ’J c%gfo%icé?fqﬁ/ea%{dQH@ﬂmt-@
readily renove sequences suth as gD tags, Vi coat protein conponent
sequence, and/satintod Bagdyt mog OPSE, and suchgimses Seglbe ie@Bastthe pilg\tettén f or

production of full |ength antibodies or antigen binding_fragnents in high
yield A librdC§rdngse e 5RO Y SO RSB S GBSO B RO | | brary

cont ai ni ngs10 et ciS! PlaRN&n (R g@lﬁln stofioL 2
CORL3,  COREIL, /hrient celts; Dlaftien 2 ufgrgggﬂécfanﬁl gf’;’?ﬁta{g’)ﬁig&@%@éd| me%’ttf’ a CDRH3

library is cordoiltebdces qah also GDRIilzediabhastyy created in the context of the

humani zed 4D5 anti hpdy sequen i th variant 1 No ids at positions 28,
26, 30" 31 andl or TS HTEY BHRAED MeAsH B oaBrHeedt 4 RyRsEREp of

enbodi ment,  a Jeitbtrate Yeld ih Rultlit adds@nGliuge) his BemERRNBING procb@ure OPRInfeE Wi th a
i brary conprising variant CDRHL and/or CDRH2 heavy chain variabl e domai ns.

I n one enbodi rfé#sciukmEnmmRphost gsHdings are monkeit lddnayiG Y Hirrstranstoampd By ant i body

4D5 sequenge W AN TE I e . and 33.
A CDRH2 | irzgr a\rlgyE Jr?a@%{)seﬂ(??eat egi W@Wﬁ H@E%glgﬁﬂgh}ggﬂgdfngﬁﬂ?é%?%gﬁz%gﬁ%ﬂ%ody 4D5
wi th variant aobloocdfor gewat inpaspehsiomsulblbe, (BZhanb&,al. 54 Geablir2D3&@69 1987x1si ng

t he predetermned codon.sets. (xi) Anti tants The anti bodi es

generat ed f royhaEY]]éad]éSt?riq‘b‘f"ﬁ?{ cells (égl)ll{ bs’grt c}cﬁ&ﬂﬁé%’r@@q@ Bﬂnit?f ‘Héﬁecfeﬁf/ e anti body
nutants w th ipgrRyedopbvsirali., sheWaalicaard/ /s B 1’7‘:4@%01’3‘580%2&9&{%&“ es over
t he parent anti body. ere the assay used Is a biological activity 25assay,

t he anti body mettelheclls §AiMAaMethar, Bid) g ed 232484261 1980); mankey kidsayced$ choi ce
that is at,.le | d.better, at, |least a I r, at
| east abotuzt5 536P6?§%F@ r{o?’d%%lcgrb%ﬂ ngkcé(ﬁ(@[@ég%%gg@é(%ﬁgéd]f%ﬁg@ 200
fold better, ti5am); hidgabicpliegictainoaaiceNd GIEIQ, ATEC pALEN! cadlieikRBEY céIk t hat
assay. For exalr\‘r/PI e, an anti-target antibody nutant rra_ly
(MDCK, ATCC CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human
lung cells (W138, ATCC CCL 75); human liver cells (Hep G2, HB 8065); mouse
mammary tumor (MMT 060562, ATCC CCIL.51); TRI cells (Mather et al., Annals
30 N.Y. Acad. Sci. 383:44-68, 1982); MRC 5 cells; FS4 cells; and a human hepatoma line
(Hep G2).
Host cclls are transformed with the above-described expression or cloning

vectors for antibody production and cultured in conventional nutrient media modified

68



have a binding affinity for the target that is at |east about 10 fold
stronger, at |east 30about 20 fold stronger, at |east about 50 fold

st ronger ,wendiigso®ei nes at | east about 100 fold or 200 folrassewossyes, t han
the binding affinity of the parent anti body. To generate the anti body
mut ant, one or nore amno acid alterations (e.g., substitutions) are

i ntroduced in one or nore of the hypervariable regions of the parent

anti body. Alternativel or,in addition, one or re alterat.jons.(e.qg.,
SUbst 1t ut i onsy=gPrPPiR Tk oS el 0 R R e, S GORLETEAE e par ent
anti body wher egehbesRodifs theldetifedaBqieA®ysovenent in the binding affinity of
the anti body nutant_for the antigen fromthe second manmal i an speci es.
Exanpl es of ~ f r anewokie hogigenused &9 producetaptibslioden ysp in e inpgatiehvaxbe hat

non- coval ent |y, Bi.nd; I gen gl t ' - , ' sl 753,
1986); inter act W tq ﬁ?gy?l%g)fo ée(ﬁ%oarjl%gr %a}llg%t«%lfa Iblﬁ@%%ﬁg% %]Ig% Self%al ., ML
Bi ol . 196: $01-Sigha)M&hihal Bxehtial Mediui OLRML Sigiva), RPMIM 640 (Mdmiantaed f ace ( EP
239 400B1). In_certajn enhodi ts, nodification of one or nore of such
framework r eg?%Wg?cégésg\ﬂ‘%fgg?‘gé{gﬁ{l%Meﬁlugh(@ﬂﬁ%§Eﬁ%tareo§w€‘m‘°ef%ich]&% e finity

of the antibody,f Qiis 1h ddbiRioRMny Qe he QM dRERAGE Hm R AR A 2POELLS . FOT

exanpl e, from about one to about five flramevvork resi du€s may be altered in
t hi s enbodi menk978f Barhes eit alv,ehital. diech8onEl2i2pes]980hUsS. Retgntdéoss 4767.204nt t o

None of the. hyperviet Jare b dreh B et auee i BeER R e g (R, e
however, tioe anfdnpSNRYROBOIBE nyltk uSQIIRICURSre atkdial boiehosk 2BYPeAKal it e
region alteration(s). The hypervari abl e regi on resi dues that are

altered may benediamgele pupplparenied ag seresser] Wigh hgreroaes and/os other graytibfag@ing
affinity of t I . [ | t r.and [ ced

anti body nutan %&%gﬁ&%gﬁ?%gg?ﬁ% értszerp Z&éﬁgﬁl.gﬁ%g%%cgg? ’usﬁﬂspelgéé%a& EP%%M

gener ati ng suathlaiie] dabikym adghedism] shdqhbspbdte), duffads ecR @S HARBE ) gudtedtalgenesi s”
(Cunni ngham et al ., Science 244:1081-1085, 1989). Here, one or nore of the
hyper vari abl e (uiasAdsneging e Gymidiee) ranbiotiesush I GV TAMYCINSY )y Basni ne

resi due(s); s o néggnflnegl@st dFﬁ?edi a9 E&&gag,gd é%ﬁh@ﬁn&shﬁuaﬂl&i}}?&cﬁtﬁt ﬂﬁal‘@oﬁ&n&ﬁ?on@%i gen

fromthe seco I an spec se hypervari abl e regi on residue(s)
denonstrati ng themidroroolat rapg)saridighicoye éranteheivslattshefgytowas Amesthar e ref i ned

by introducing further or other 25nutations at or.for the sites of
substi tution. q‘Fﬁ?fé?ry\Wﬂ anfsmy 413 hegpelpdsd al goRe PRSP FRNREon e edlience

variation is p.888WRISHB&DKillden DR Erhelulhe coRdifRins QcPES teFSeidfBd ppOt  be
predeterm ned. The al a-nmutants produced this way are screened for tphel r

bi ol ogi cal actandithelikgsard #nse piyegusls veddnyitiNde hadticsll sniestaddiat ekpsession, anidt h a
conservat iye titution such..as..t hose, shown 30bel ow under the headi ng of
"preferred2 suz‘gl ﬁeﬁgﬁa&%@}q ﬁ’lefor%rﬁ% by gﬂ@%dtal‘rpﬁatni ons result in a change in

bi ol ogi cal acti vit yWhe@ing rbsontbimet ’thidiqicsythe aditedy @rie gpodhigtant i al
changes, denom nated "exenplary substitutions” in the Table 4, or_ as
further descriP&fchelpdiin theperdpanie space Ariraglyerigted ing thegnediva. {fith¢ oduced

and the pr Odu%ﬁb&ﬁfri?ﬁl%@gced-fﬁpicglhﬂarﬁ 595 ﬁ?slt stgi?,stflcdfr!ﬁticulate debris, either host

cells or lysed cells, is removed, for example, by centrifugation or ultrafiltration.

25  Where the antibody is secreted into the medium, supernatants from such expression
systems are generally first concentrated using a commecrcially available protein
concentration filter, for example, an Amicon or Millipore Pellicon ultrafiltration unit.
A protease inhibitor such as PMSF may be included in any of the foregoing steps to
inhibit proteolysis and antibiotics may be included to prevent the growth of

30 adventitious contaminants.

The antibody composition prepared from the cells can be purified using, for

example, hydroxylapatite chromatography, gel electrophoresis, dialysis, and affinity
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Exenmpl ary Substitutions Preferred Substitutions Ala (A) val; leu; ile val

Arg (R lys;

gin; asn lys Asn (N) gin; his; lys; arg gin Asp (D) glu glu

Cys (C) swo2mmos@o2 (Q asn asn Qu (E) asp asp PCT/US2010/053596

10

15

20

25

30

chromatography. The suitability of protein A as an affinity ligand depends on the
species and isotype of any immunoglobulin Fc domain that is present in the antibody.
Protein A can be used to purify antibodies that are based on human y1, y2, or y4 heavy
chains (Lindmark et al., J. Immunol. Meth. 62:1-13, 1983). Protein G is
recommended for all mouse isotypes and for human y3 (Guss et al., EMBO J. 5:1567-
1575, 1986). The matrix to which the affinity ligand is attached is most often agarose,
but other matrices are available. Mechanically stable métrices such as controlled pore
glass or poly(styrenedivinyl)benzene allow for faster flow rates and shorter processing
times than can be achieved with agarose. Where the antibody comprises a CH3
domain, the Bakerbond ABX™ resin (J. T. Baker, Phillipsburg, NJ) is useful for
purification. Other techniques for protein purification such as fractionation on an ion-
exchange column, ethanol precipitation, Reverse Phase HPLC, chromatography on
silica, chromatography on heparin SEPHAROSE™ chromatography on an anion or
cation exchange resin (such as a polyaspartic acid column), chromatofocusing, SDS-
PAGE, and ammonium sulfate precipiation are also available depending on the

antibody to be recovered.

E. Use of Inhibitors of Neuron or Axon Degeneration

Inhibitors of the targets described herein, such as inhibitors identified or
characterized in the screening assays described herein (e.g., the particular inhibitors
described above) can be used in methods for inhibiting neuron or axon degeneration.
The inhibitors are, therefore, useful in the therapy of, for example, (i) disorders of the
nervous system (e.g., neurodegenerative diseases), (ii) conditions of the nervous
system that are secondary to a disease, condition, or therapy having a primary effect
outside of the nervous system, (iii) injuries to the nervous system caused by physical,
mechanical, or chemical trauma, (iv) pain, (v) ocular-related neurodegeneration, (vi)
memory loss, and (vii) psychiatric disorders. Non-limiting examples of some of these
diseases, conditions, and injuries are provided below.

Examples of neurodegenerative diseases and conditions that can bé prevented
or treated according to the invention include amyotrophic lateral sclerosis (ALS),
trigeminal neuralgia, glossopharyngeal neuralgia, Bell’s Palsy, myasthenia gravis,

muscular dystrophy, progressive muscular atrophy, primary lateral sclerosis (PLS),
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dy (G pro;
al a; phe;

al a;

tyr

ala ala Hs (H asn; gin; lys; arg arg Ile (1) leu; val;

norleucine I eu Leu (L) norleucine; ile; val; nmet; ala; phe
Lys (K) awgQ;2omgiospisasn arg Met (M |eu; phe; ile | eu PhePCF)usk@n/s3596 ;
leu Pro (P) ala

10

15

20

25

30

pseudobulbar palsy, progressive bulbar palsy, spinal muscular atrophy, progressive
bulbar palsy, inherited muscular atrophy, invertebrate disk syndromes (e.g., herniated,
ruptured, and prolapsed disk syndromes), cervical spondylosis, plexus disorders,
thoracic outlet destruction syndromes, peripheral neuropathies, prophyria, mild
cognitive impairment, Alzheimer’s disease, Huntington’s disease, Parkinson’s
disease, Parkinson’s-plus diseases (e.g., multiple system atrophy, progressive
supranuclear palsy, and corticobasal degeneration), dementia with Lewy bodies,
frontotemporal dementia, demyelinating diseases (e.g., Guillain-Barré syndrome and
multiple sclerosis), Charcot-Marie-Tooth disease (CMT; also known as Hereditary
Motor and Sensory Neuropathy (HMSN), Hereditary Sensorimotor Neuropathy
(HSMN), and Peroneal Muscular Atrophy), prion disease (e.g., Creutzfeldt-Jakob
disease, Gerstmann-Striussler-Scheinker syndrome (GSS), fatal familial insomnia
(FFI), and bovine spongiform encephalopathy (BSE, commonly known as mad cow
disease)), Pick’s disease, epilepsy, and AIDS demential complex (also known as HIV
dementia, HIV encephalopathy, and HIV-associated dementia).

The methods of the invention can also be used in the prevention and treatment
of ocular-rclated neurodegeneration and related diseases and conditions, such as
glaucoma, lattice dystrophy, retinitis pigmentosa, age-related macular degeneration
(AMD), photoreceptor degeneration associated with wet or dry AMD, other retinal
degeneration, optic nerve drusen, optic neuropathy, and optic neuritis. Non-limiting
examples of different types of glaucoma that can be prevented or treated according to
the invention include primary glaucoma (also known as primary open-angle glaucoma,
chronic open-angle glaucoma, chronic simple glaucoma, and glaucoma simplex), low-
tension glaucoma, primary angle-closure glaucoma (also known as primary closed-
angle glaucoma, narrow-angle glaucoma, pupil-block glaucoma, and acute congestive
glaucoma), acute angle-closure glaucoma, chronic angle-closure glaucoma,
intermittent angle-closure glaucoma, chronic open-angle closure glaucoma,
pigmentary glaucoma, exfoliation glaucoma (also known as pseudoexfoliative
glaucoma or glaucoma capsulare), developmental glaucoma (e.g., primary congenital
glaucoma and infantile glaucoma), secondary glaucoma (e.g., inflammatory glaucoma
(e.g., uveitis and Fuchs heterochromic iridocyclitis)), phacogenic glaucoma (e.g.,
angle-closure glaucoma with mature cataract, phacoanaphylactic glaucoma secondary
to rupture of lens capsule, phacolytic glaucoma due to phacotoxic meshwork
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ala Ser (S) thr thr Thr (T) ser ser Trp (W tyr; phe tyr Tyr (Y) trp; phe;
thr; ser phe Vval (V) ile; leu; net; phe; ala; norleucine leu Even nore
subst ant &b 20mdisbiseat i ons in the anti bodi es bi ol ogi cal proaseai0es3sas e
acconpl i shed by selecting substitutions that differ significantly in their
effect on Smaintaining (a) the structure of the pol ypepti de backbone in the
area of the substitution, for exanple, as a sheet or helical conformation,

,E E)e Lnlekcgfar ,[gﬁbégcg{lag%gﬁ gﬁ) u.tg(ia 1(i)r£ gt lgrfls),tgrfaeucglgla %gc%lngar}?‘ %o iElQ‘SOCEJ A eer'ﬁorr iatgg’ or (c)
(e.g., hyphema and hemolytic glaucoma, also known as erythroclastic glaucoma),
traumatic glaucoma (e.g., angle recession glaucoma, traumatic recession on anterior
chamber angle, postsurgical glaucoma, aphakic pupillary block, and ciliary block

5  glaucoma), neovascular glaucoma, drug-induced glancoma (e.g., corticosteroid
induced glaucoma and alpha-chymotrypsin glaucoma), toxic glaucoma, and glaucoma
associated with intraocular tumors, retinal deatchments, severe chemical burns of the
eye, and iris atrophy.

Examples of types of pain that can be treated according to the methods of the

10 invention include those associated with the following conditions: chronic pain,
fibromyalgia, spinal pain, carpel tunnel syndrome, pain from cancer, arthritis, sciatica,
headaches, pain from surgery, muscle spasms, back pain, visceral pain, pain from
injury, dental pain, neuralgia, such as neuogenic or neuropathic pain, nerve
inflammation or damage, shingles, herniated disc, torn ligament, and diabetes.

15 Certain diseases and conditions having primary effects outside of the nervous
system can lead to damage to the nervous system, which can be treated according to
the methods of the present invention. Examples of such conditions include periphcral
neuropathy and neuralgia caused by, for example, diabetes, cancer, AIDS, hepatitis,
kidney dysfunction, Colorado tick fever, diphtheria, HIV infection, leprosy, lyme

20 disease, polyarteritis nodosa, rheumatoid arthritis, sarcoidosis, Sjogren syndrome,
syphilis, systemic lupus erythematosus, and amyloidosis.

In addition, the methods of the invention can be used in the treatment of nerve
damage, such as peripheral neuropathy, which is caused by exposure to toxic
compounds, including heavy metals (e.g., lead, arsenic, and mercury) and industrial

25  solvents, as well as drugs including chemotherapeutic agents (e.g., vincristine and
cisplatin), dapsone, HIV medications (e.g., Zidovudine, Didanosine, Stavudine,
Zalcitabine, Ritonavir, and Amprenavir), cholesterol lowering drugs (e.g., Lovastatin,
Indapamid, and Gemfibrozil), heart or blood pressure medications (e.g., Amiodarone,
Hydralazine, Perhexiline), and Metronidazole.

30 The methods of the invention can also be used to treat injury to the nervous
system caused by physical, mechanical, or chemical trauma. Thus, the methods can
be used in the treatment of peripheral nerve damage caused by physical injury

(associated with, e.g., burns, wounds, surgery, and accidents), ischemia, prolonged
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Naturally occurring residues are divided into groups based on conmon
side-chain properties: (1) hydrophobic: norleucine, nmet, ala, val, |eu,
ile; (2) weubrialsotsgdrophilic: cys, ser, thr, asn, gin; BC3USacioasise asp,
gin, (4) basic: his, lys, arg; (5) residues that influence chain
orientation: gly, pro; and (6) aromatic: trp, tyr, phe.

Non- conservati ve substitutions w Il entail exchanging a nenber of one of
10t hese cl asses for ang enbodinent, the sites

o et o bt AR oGt e ipstohl B My R ATy (e

above) . MNue st Gk t3DE. £ C4ttoRS ofTiEracthigl lMoRda@CisGchsR GueB&e Mut ant s
are prepared by a variety of nethods known in the art. These methods

i ncl ude, but AeEoEdazdi nited to, 150l i gonucl eotl de medi ated (or
site-directed) mit g%ﬁﬂgscg% oS of tid invelHEH Gl be de ﬂ'hlt%r%wnt\%‘gr SCi .
e mu

U S. A 82:488, 198 mut agenesi s, an casset agenesi s of an
earlier pr épartmzhmmit aﬁmembr}aon@nehmt mtexampslslagarﬂﬁted hﬁmpgrlenst ptd dody. I n
certain enbodi nents,. the ant a sjngle

nut ant, wi e
hyper vari abl e m@a?%ﬁh%@mﬁ@“ géfﬂqséta@éthqsnreﬁtﬁﬁé?coﬁ% ithelventiopne or nore
of the 20hypermaﬁa@$ﬂls%dfcergé&ayrs%ﬁfa%teﬁeﬁtryt S rRSn? RlemdRL hIQPQM%‘ﬁérJn' have

been substituted, e.g., from about two to about ten hypérvariable region
subst it uti ons.memory. EQudplasef diseasesfand amttdntbmdyssnuatadwvlﬂttmdmormm&mdch

bi ol ogi cal t| e e..an am no ac havi ng at. | east 75%
am no aci d seq°p Egestgy?ﬁcotckpg&f’ e PRy SP W"tlﬂgﬁt&: mﬁﬁf?%mb& FPetYtince of
ei t her theloheanyh@hels gibéas€ Patiiinssatsidaih®, HamBighbnod difdase, 2RRAIBMpyaBitdshody,
for exanple, at |east 80% at |east 85% at |east 90% or at |east 95%

sequence i dentﬁiutO&e 6pd gpypatigrhrgip iIjugdagi egnesssia)mi | arity with respect to
this sequence is delf' %%ﬁ?%?th@ %caﬂ%ﬁs@%@%@&ﬁn%e t?éﬁrﬂ&é%?#s@cﬁ&é' dues in

the candi dat e sequenc
(i.e., anino aliscddaresiclidigf ﬁooaxdrﬂme selfieophrenitp délasedl disodersaizoaffeaive hal n
pr operti es, ant i bod 30 residues, after

se 0 Wi .t h the nt
aligning the s‘gﬁ’ﬁ‘geﬁcsé izgphgnifor E‘f chpsigdlisor rri’é}ifé‘g‘s‘ézrrﬂ?fant”é‘ PSERNAFE t he

maxi mum pelrSCerﬁ1so§&‘ﬂ%ﬂﬁ§1d'p@%ﬂﬁdlﬁ§' dls&lﬁ&eb&ﬁeﬁi’h«; ﬁérgﬂn'aﬁiydls%rae? rdmtinBkial OF
i nt ernal extensi ons, del eti ons, or i nsert| ons into the antib dy sequence

out si de of t heewandliptisordormimissibil ferdoealitp disprdae dbeessivd- -fegpilyie diegdence

Ib:jgrglglt galor azi e- '%i?lixr)l c&)%netnﬁg,tmoo\ﬁl A8 O 'ijp%ﬁar(apsorcgifer tdggresas?otnl Et(r)e%g/ dlrsrcl)thdg'rnt the
panic disorder, agoraphobia, social phobia, post-traumatic stress disorder, anxiety
disorder, and impulse control disorders (e.g., kleptomania, pathological gambling,

20  pyromania, and trichotillomania).

In addition to the in vivo methods described above, the methods of the
invention can be used to treat nerves ex vivo, which may be helpful in the context of
nerve grafts or nerve transplants. Thus, the inhibitors described herein can be useful
as components of culture media for use in culturing nerve cells in vitro.

25 Therapeutic formulations of the inhibitors described herein are prepared for
storage by mixing the inhibitor (such as small molecule or an antibody) having the
desired degree of purity with optional physiologically acceptable carriers, excipients,
or stabilizers (see, e.g., Remington’s Pharmaceutical Sciences (18™ edition), ed. A.
Gennaro, 1990, Mack Publishing Co., Easton, PA), in the form of lyophilized cake or

30 aqueous solutions. Acceptable carriers, excipients, or stabilizers are nontoxic to
recipients at the dosages and concentrations employed, and can include buffers such
as phosphate, citrate, and other organic acids; antioxidants including ascorbic acid,

BHA, and BHT; low molecular weight (less than about 10 residues) polypeptides;
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nol ecul e relative to the parent antibody is determ ned. As noted above,
this may involve determning the binding affinity and/ or other biological
activiti esoabittdservant i body. In a preferred enbodi nent ofCrhis201m0w83sHé on, a
panel of antibody nutants is 5 prepared and screened for binding affinity
for the antigen or a fragnment thereof. One or nore of the antibody nutants
selected fromthis initial screen are optionally subjected to one or nore
further biological activity assays tao confirmth t he ant i body nut ant (s)
with enhanced BPRUIRUChi fefis g oapen e fuapetoulald nifpniieonined 0o
studi es. 10Thesyahhd PAGMnyIHAMNI0S0, amthoSRIA Gl thsPRMIREgIGHRIIRS hffrasief Ur t her
modi fications, oftentines depending on the intended use of the antibody.
Such nodi fi catdrgngenglysing glopesareharides dighacharides.gmd other prsbadyyilvatys aralufting
sequence, fusi 0 pal i de( . caval en

nodi fications @E%tsaélg ﬁ%élép%ggﬁ"g‘r%teégggéé%%ﬁ% ?ash%yr)g}s\bsg%?r l%)hélr%.s%h Beid
sequence ali ermhnniosor sexewwp|salt-Yorimh douaRf-ions Suchrae sediampirall @ hodidaleove. For
exanpl e, any cysft ei ne residue not involved in nmaintaining the proper
conformat i on ofrieHantaMches dyersPAHemst 6P dy be substituted, generally with
serine, to inprove - OX| I -abi Lty . | nt
aberrant cross |i nlgilllﬁgl.t&gcgﬂ@%és\é&egf@?ﬁgys)tag%gggtggﬁlg g? %ﬁé%&gggﬁ %&g t he
anti body to i rehovel byt Sltrsti@bthiduigh siepkrfiliratidnan¢ybratesy wridrheorfotlowimgy i s an
anti body fragnent .such as an Fv fragpent). .20 Another type of ami no acid
it ant has. an aeagoy RSy ik Cores iags m SRred) il dhy

del eting ome QlonfHee h&AMPLAVE AL RsIMIre fdr@Karhpe NG ihftavehSusaBIukiBRP¥e ordn4l/ or
addi ng one or nore glycosylation sites that are not present in t%e

anti body. QG ydsgipgastamneatiergeabiadod wpodemig/ipiection yeediet her N-1i nked or
0-linked. N Iinked fghahs.fo.bne AASHTEALLQH RS SALRANYII Ale o) ety to
the side chain of an asparaglne residue. the tri peplPl e sequences

aspar agi ne- X- swith &seh atidr as@hdragémekntvinto @ nkdial, in\Wareatment 5f dBYelésihno aci d
except proline, are the recognitjion sequences for enzymati ¢ attachnment of
the car bohydr #lisasfofirépydition + Haseiadhe tigsiment of AbScioa FYRMPHR irhibifgigcairtssence of
ei t her of {she t] ; : i ! ol tial
gl ycosyl atlisonsa?ﬁngl%@%-e IH? ﬁﬁ%@ﬁ%{@%gﬁg%ogen@?g%gg g{ 1{1%‘?/{: 1 e’ gltgltﬁglcﬁkrfog%%‘%g’f one
of the sugars 8goN dE&yl) galdac negatdiobalamgal laehabe, examplkyinolxketr¢atment of

hydr oxyam no id nost co l.y serine or.threonjne, although .

5- hydr oxypr ol ?P%‘éklgsron?-#ﬁfa?cg@fqﬁ}éf%@n (g g fndsier (gwl}b Zféd.‘)p PR agpnists

gl ycosyl ati on (sigt, @orh@riblie, 3¥ob @ PrainpexORY RPiridld, YalrEo0AR labSHEPH Y,
altering the am no acid sequence such that it contains one or nore of the
above- descri tad liswidsasiopadecsdgylateashibiiers (ne. lentdsga.dlepserwideatidon sit es) .
The al terajy on. iRy, VRSB Ry ditl . st i fon by, one
or nore sgztroz n;b or # %i’ %gcgpne regilg%lentst&? 8§éj'h§eeie§§glﬁ%ﬁ%léag%%lﬁ’%ﬁ'efnogr lf%tlh%al

anti body (for ampkkedhgirgatmentlofitilteinsdrtselgease( Mmhibjtofsean b hdiainistdidaitiet i on
of Antibodies 5For reconbi nant production of an antibody, a nucleic acid
encodi ng t he éﬁ‘i’f%ﬁgﬂ‘)‘}’e?@raﬁ%’@ hitats (a0 dPp5eesit eylantaneanddplasticanne apdet or f or
further cloni ngvoAMRELHibiCRtdo0Rs9{c. 8 NBcMNne R THQLonBXREES §lefiBies Y\ encodi ng
t he nmonocl onal antibody is readily 1solated and sequenced using

conventi onal prodedunewTdngorsequdnyialminnigisisdtiogobyuihk eond oelifferefigsutthat ar e

capabl e of,.bi ndi ng. specj fically to genes 10.encodi t he heayy .and. | i ght
chai ns of ¥he d%t?f‘%f%@%f?e Wﬁﬁ%})r%@é?éﬁ e&fg‘lg%ﬁhle 12&6 *ﬁﬁ(&nt{Pé'caX%ﬂn@B onent s
general | y i nclphdnachiticaPdotnpdsitiohd 4Hdiked itcud i @n¥indBhiLasfesdribed h@kinowi ng: a
si gnal sequence, an origin of replication, one or nore marker Cgenes, an

enhancer el enent, &0 pddint terthe eomebivatiopgaresed dhove.cither epmbinatiqns incdusgdénce

(e g.. as desqhd Bethdl ahd SmERLBRL oMhibRors Badd el EikdeRREGLIIC LY.

i ncor porated herein by re erence(}. ui aeb?e host cell's tor cloni ng
or expressi ng rtgiensDIVAuk,nhd ieentea timhslch esrebifatine of inriiads &) ywditdy yeast, or
hi gher euﬁgryote cells described above. Suitable prokaryotes for this

pur pose im0l udkedsEer 8t ths newge relheodey 2 (He iphibit Ao AesspEli o sht depgribed

or gani snms, for 3 . i . S i.chi . E.
ol t 20Ent er dys apo R U AR NPT RRE LS Eenefirtlon

Sal monel | a t yphinewren vl badersy whilainhibitgrs,of B&ilReenid 3 L ARIS parvent dagcheBibgel | a,

laiS C\f/ﬁl’l: f g‘f mBgcolj%lng?;f‘ﬁF%g‘%dl%w 1%&% ! fsesitfaL'cgl} 1ir%itiolné gﬂ%ﬁibftc%@f&skedng 'EGIJTQ
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Pseudononas such as P. aerugi nosa, and Streptonyces. One exenplary E. col

cloning host is E. colt 294 (ATCC 31, 446), although other strains such as
E. coli ByoBoiaBemzi X 1776 (ATCC 31,537), and E. coli WBTAB2Q1ADEB9IR7, 325)
are suitable. These exanples are illustrative rather than [imting.

In addition to prokaryotes, eukaryotic m crobes such as filanentous fungi

or yeast are suitable cloning or expression hosts for antibody-encodi ng

vectors. Sacchar vi siae,. or conmon .baker'.s yeast, | he st
comonl y used @%ﬁ?ﬁ?@@ﬁowwgﬁwqf&mﬁ&ww @@(‘JW’@&’H?E%.R éﬁ Vt®  a
nunber of ot heyAPRN e, fuSRe CbiBBinadiid of tnhfifdss Fld8al AR YippcR B&ring Ris@nd
useful herein, such as Schi zosaccharornyces pornbe; Kluyveromyces hosts

such as, e.g.,(DKK)agly¢agen Bynthaagkinass 3BAGSE 38R, p42 M APK, EGN, phospbaimogiideCC
16, 045), K w er amnl.i AT 4.178),. K ii T 6, 500 K .

i anhi 1 o um PRERR Tl Ben i sirgioss ARED! bR GRSt St N-Gopinel
(EP 402, 226) ; 1RhSBi{ANIDABLOY aSso BRIDBR: AT BaxS AN dhael, T GROAREGAENT eesi a

(EP 244, 234); Neurospora_crassa, Schwanni omyces such as Schwanni onmyces
occi dental i s; denendent pypteixlonase kinae (CalyBHK 8 G-propin, aeniotipesupled receptor,

5Peni ci | 1ium Tol ypocl adi Aspergil | us, h h.as. A nidul d
A iger. o usREh RN RRE, AR e PR R Py cosyl at o

anti body are dehibhedohy @MbEUhY b@bleeadribed gasing sEothdiaiipit@SothedeMgsts ebr at e
cells include plant and insect cells. Numerous bacul oviral strains and

vari ants and cor r esiierente gf plnipisgaiapeofithesiphibitprs 41 sekesterl dn aqcerdapesstigh such as
Spodopt er rugi.per rptl : . o it o), Aedes

al bopi ct U?O]E mqgf&%t 0 h&%raéogoigl#’Hl%{%P@E@gz@%@%%&y Eﬁ]l?tfr%l{/%q ?‘)ﬂgﬂﬁ Bonbyx nori
have been i denhirddesthral Antvanusetlyr, dftrasculal insdasiradriaborf iotralbsianab foreds] opicar e
publicly avai I%bl.e., e, ﬁ , .the L-1 variant of A torgéeggjh californica NPV and
the Bm5 st rai HTBPSESIRLIHDY SHFRINAPYICASHRYSISIE AS GTSFHREDOCHEY be used as the

virus herein accor digh¢hilaert gl @E,Qﬁ@mrréﬁd&\&@‘édn%@adﬂﬁﬁété&&'&ﬁﬁi'nﬁoﬁsﬂf by
transfection of Spodoptera 15 frupperda cells. Plant cell cultures of

cotton, corn, iplsienanto shpythedresepeiruelithe CNEnathovglabaug wfzateomenbe al so be
utilized host s. . ver. . jnterest has been greatest .in vertebrate
cells, angl%pr oaﬁg?é%bﬂeonT}}?f"E@}é\ﬁr%B%?eeadpé?llﬁ relﬁﬁch, etvﬁpglcfefioggﬁ@r%ﬁ Pt ur e) has
becone a rout idikerpiseebdueed iF6aRPCRS @ tpibgaiuid. ABRIBhash A% pe@bimddi nes
are nonkey kidney CV1 |line transfornmed by 20 Sv40 (COS-7, ATCC CRL 1651);
hunan enbr yonity We ghatyinfyalling ogghetggrand ggoptiiuous adpypishalipnipeang sesitan ai n

suspensi on cul e o .- Vi r.ql :36: : hanst er

ki dney cell's (‘}B“H[? %?&%“%%?{ﬂe&?ﬁﬁ% it 3 *%?%?“y%bf@*é?‘?pﬁ%’?a‘%ﬁ%éa< CHO,

Ul aub et al ., suRnined-rdiatsé¢ vebddadMofcipeciicdBlyAthe TohibiRiGcan R 8Gp¢tedbrsghser t ol i

cells (T Mat her, Biol. Reprod, 23:243-25, 1980).. nonkey kidney cells 25

(Ovi" AToC Toct. CHITCapy imelameg PRhen Britey el B e ot ie GEReS RO e

CRL1587); hunmagiy 5 C8Lib&BEh R YIRS Blel S ail BFLhar BRI pdbineihrouzBRIsHRIKI dney
IERL 3A, A

cells (MDCK, ATC 34); buffalo rat liver cells ( CC CRL 1442);
human | ung celthing \WtBe cerpralycaiclers Highhy samhistipajed pusiestsican peeabilled thredghg065) ;

annars 50 N Y. DRl Gl AR s by By Bl HRE R o

human hepat omaultitl€adni@BtréiZon protocols aliD&dlive®|sh Seras RivbIvaRSf absshevhd funiphe
above-descri bed expression or cloning vectars for antibody production and
cul tured i colVERPLT eRAPUGHIERSREDIoREtEC Wy dfupien tfﬁ@“&i‘rﬁdﬁ’@éy igplanteddrug

| nducing pr O’Tgféaﬁ&éry é?s‘?én%feitﬁ&,g LERANST AL T8RS stral6n HTRplihle & phfifheIE0RS:s,

encodi ng the desired sequences.
and cholinergic agonists to Alzheimer’s disease patients and animal models for

Parkinson’s disease, as described by Harbaugh, J. Neural Transm. Suppl. 24:271,
1987; and DeYebenes et al., Mov. Disord. 2:143, 1987.

30 Suitable examples of sustained release preparations include semipermeable
polymer matrices in the form of shaped articles, e.g., films or microcapsules.

Sustained release matrices include polyesters, hydrogels, polylactides (U.S. Patent No.
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The host cells used to produce antibodies for use in the invention nmay be
cultured in a variety of nedia. Commercially avail able nedia such as Ham s
F10 5 (Siwoapii/asbrwemal Essential Medium (MEM Sigma), RPRITABe60/068pgna) ,
and Dul becco's Mdified Eagle's Medium (DVEM Signmae) are suitable for
culturing the host cells. In addition, any of the nedia described in Ham et
al ., Meth. Enz. 58:44, 1979, Barnes et aI , Anal . Biochem 102: 255, 1980,

U. S. Patent Nos 61,7 4, 657, 866; 27,.762:. 4,560, 65 r 5,122, 469;
WO 90/ 03430: M@#@oﬁ%ggﬁéw gpre] Y%S@fa&g anjj acighand gENgRE Ma’? ePERARY as

cul ture medi a GIMmAmReaNFIEpRHhdr$ 2240, 1?%% ﬁﬂ??z AREb68 Y meRasyRR) eMent ed as

necessary wi th hormones and/or ot her actors (such as insulin,
transferrin, dLa@@rdteqlnélqunM\/Mafﬁa&&aﬂfj 165dP8E I(asgﬁrhClaéSﬂ Jechi- Ud98hl ori de,

cal cium magneg| a d o} buf f ers,. (suc P nucl eoti des
(such as adeng@!szg}eglﬁgn? ?‘rlls% L arég?f?tb%? fd’r) ¢s pf’g'ﬁ 12 )?I-Eh&%{ﬁ; ?\'ﬁ‘%
trace 15el gmenkp 1@@938Mﬁ$@ﬁuﬂeﬂ@él@{%ﬂb&n§&ﬂﬂﬁwaﬁi& inéfuida lip¥soptaBls @ffrappd f 1 nal
concentrations in the m cronol ar igcge) and gl ucose or an equi val ent

ener gy sour ce. comwureﬁswhwhé@b%eswgﬁr ponehedskopmperiedEryeinichell. fded at
appropriate c t u t I the art.
The cul ture c%@??%%%gcpgﬁ%%%mt%ghg%égﬁu W&hpgﬁdﬁ?ﬁé&%#ég?qgg t hose
previ ously uset: 4030h19!8b;3U1$0§aten1é*{Ids $98£ﬁ45eahdf4oi44é>4ﬁrz&$lsﬁfbm2 32!4A)20WI Il be

t to the ordin ki lled W) onbi nant
Feonni ques.  t NP bRy b sersH Rt Bl Ph 20RO GRS sggtar e
per i pl asni G SAAGHichhe ﬂf)lﬁ%@ﬁtlsﬂ/t i$ BEUEH Bt L0310 1 ARG HRerdl find Meciat | body s

produced intracellularly, as a frrst step, the particulate debris, either
host cells or nrmnlomlmlmgadmssedrferrﬂ)vegtlmaldher@poarrpI e, by centri fugat| on or

ltrafiltration. ethe an S secre nt Qg
g uper n:at ant sI from éaﬂ% ERY er%g%urn&)ﬂ %:Plé?w%m%?oémgg%%ér%?? Oyep%i}esr?pegg?zg&]ént rat ed
using a connerﬁlulai_ebehdaibalekzai_@;ble UpHA HR tRerEE € BbjE@ivie® Rhd ﬂohte%rfadﬁmﬁst@ﬁ&ﬂp! e,
an Amicon or MIlipore Pellicon ultrafiltration unit. A protease inhibitor
such as PVBF g tsecopfidipn abihe ipatienhy Agfordinglyfibrilibn rryesseryder the thermmishior
prot eol ysi;s ang.apt h&b%é An%%&@% Rerd %Aﬁé &ﬂb&g tiBh 9&’{% birdd16 oBlaVthD Of

30advent i t| ous contam e ant y conp sition prepared from

the cells can dpﬁnphihbtfapadlclﬁﬁectg,A fypicalededippbenge hyg}nmﬂgh &pai, fdrexample
chromat ogr aphy, gel el ectrophoresis, dialysis, and aff

chr omat ogr aphy2Pottner&lks o 1P|199“¥$fkgd’rré‘i‘(§? B d&’Q”‘ah“%ﬂ lon]i ’E‘“ﬁ/klgi ¥eHd! depends
th t
" the anci body Mioapaiife e, BON | EMRROI CAMG L SATRel MR 206 BT o C s

on human yl, g/kgrabwt SIOeﬂg/}yg tzhﬁ;nutslS(OlmngngaxHOueIOOahg/kg fh abonr mumg/kg Met h.
62: 1-13, 83) reco all nouse i s.and for
human y3 (Rus<oatt @b 9‘“ @SI‘%TTE g‘?‘“ Yhpy/] kgT‘h%bol’fh? I}E‘g/i‘é) whi ch t he

affinity Iigangd, érﬁln%]t&rﬁtﬁ@?a‘étd@mgﬁﬁ)tne@%cﬁ/@ @%Eﬁﬁzetheleﬁﬁlcﬁh%ﬂ a&’iﬁfn‘iét&%ﬁ are
avai |l abl e. Mechani |y stable matrices such as controlled pore glass or

pol y( st yr enediagiiveyinhibgorzentié a dbsagevisireached thiaeresdlisamnimprpesnenh th erhentineally,

processing tines.than can _be achi ev d with a ro Wher e..L he .anti body
Conpr i ses a CROTIER BB shiche Of RO BB Relerfid Behse of somdpioth s,

Phi | li psburg, pg\dgredsof taethutapd Qreaﬂbyrmiamﬁ)aéd monczﬂmeﬁaltaeﬁpﬁlamxﬁ&e protein
purification such as fractionation on an ion-excha b(ge col umm, et hanol

preci pi t at3don, e peridedmisesiie mppbeadramisest ogethgsIvy 2ohiTeient times (e8r 8R®L ogr aphy
on heparin SEF) ge resin
(such as a pol ?aspar ;E:J\ﬂéﬁta%(rr.:él21 %)8%%Q3m&%t%ﬁ%r?o ag%ﬁ(g{dn%gﬁ% gnﬁi@] GE, and
anmoni um sul f agentmiiaydiepidalnigered tea al@em asrad diéfbleat tdeipmquds (ege. Oometaent ardlyi body
to be recover nhlﬂtors of Neuron or Axon Degener tlon

| nhi bitors of %ﬁé@%?‘@é&graﬁ}és‘é FeRpopnshasey, 1s aqraiisiieed vipi F’b‘?%“ Hdentified
or 20char act efijz@ehni dd lﬁt%asm%ﬁmerw RS At M85 6& hheidishalLdubh {ifat fhe ont be
particul ar |nh|b|tors descri bed above) can be used in nethods fo

i nhi bi ti ngOneunana agant ha@mpmggmlﬂgmqut inEsgbjieethit Bietsems tisnec Alt@h@heeflm e,

useful in the t Q%¥ aBY 2 ageht r}cl%rbeea)élmrrl%stel‘ed(su)ch %a?t% Earmacologmael activity of the

first administered agent is expired prior the administration of one or more secondarily
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nervous system (e.g., neurodegenerative diseases), (ii) conditions of the
nervous systemthat are secondary to a disease, condition, or therapy

havi ng a woi20arosowbf ect 25 outsi de of the nervous syst e®CT(US2o1p/0535pairi es to
t he nervous system caused by physical, nechanical, or chem cal trauma, (ivV)
pain, (v) ocul ar-rel ated neurodegeneration, (vi) nenory loss, and (vii)
psychiatric disorders. Non-limting exanples of sonme of these diseases,

conditions, and i.njuries ar royi gded bel ow. . Ex l es of neurodegenerative
di seases and cagiﬁﬂ?’%ﬁe@fi@g‘frﬁ%@gg’aln\ébg Obflé%’ﬂ\f[]v%ﬂy§%“%Stetr?‘g%gc88ﬁ)'accor ding to
the invention includgiLd3axebs @e hiventidl @hPAdjSich BlcRpbHtic(pb) cantticl gem na
neur al gi a, gl ossopharyngeal neuralgia, Bell's Palsy, mnyasthenia gravis,
muscul ar dyst rasphgistersd by ey suitablemsos lingluding bﬂgﬁyqraéﬁlilhmayequa,t eral sclerosis
(PLS), pseUdOblylérell) A l’laﬁllls%ltralpl{h% L& Sslllt\{e aba lal?l Fi gslirse forﬁgiaﬁ]g‘!ﬂ thllélﬁtcm ar
atrophy, progressive Bt Bar pa sf,y’ PAHEFT 8 huseat at (fropahy, invertebrate
di sk syndr anesinfflegonal h@thinisah@sh. Favditdslaffusiondinpluod RpaedsdiskingrRa6@Mes) ,
cervical spondylosis, plexus disorders, thoracic outlet destruction,

syndrones, periptststernl. wEapsiencal aad sybewiprapes administratione Jg addition aptikedissment |
Al zhei mer' s di At i LS fli . [ 4 1:S: di

Par ki nson' s- p|%§%§?%%§§%é§é{%§ Igﬂses]ﬁﬁstﬁ)?g]i e cs@ﬁ%ﬂg‘?%g‘ﬁg ,dg%?§gtrh§ssi ve
supranucl ear palibydy. dndingent be b ageduitale g enex, atgl, by Jinjecden® stichBasintrdveh@wy
bodi es, frontotenporal denentia,, denyel.i nating_disease e.d.., . ..

Gui | | ai n- Bar r €7sY aawsawactmﬁ»ﬂemf@’%m'agpg\jhfthmiﬁ 8@'?‘5“&7&%1%‘1 i piEhor

di sease (G, @ksge. known as Hereditary 10 Motor and Sensory Neuropat hy

(HVBN), Hereditary Sensorinotor Neuropathy (HSWN), and Peroneal Miscul ar
At rophy), prion di sldadecatien of the bindimg Adrgétat ag akidiedy bsedds gie invention can be

Ger st mann- Stranssl.er - Schei nker. syndr one S).,. fatal .f.am |.jal inhsomi a
CRE) " and bovind S h s oS BRIt s R oL LRI R v
cow di sease)) ,biRiiekiasectissaaseacclBRad BHSHle, 2BEhiALRSUREESL bf ik iseARdex (al so
known as HIV 15denenti a, H V encephal gpat hy, and 11Wassoci ated denenti a) .
The met hods ofPre¥ide {ortherimfibelycaaniageadipding yagmens theprof oy kaiafiedused dtrithe
treatment @f qelh@erd tﬁé ﬁi%ﬁ%g'i‘eﬁgé&%%&?rﬁt&n% BOANCH! &t sl 6Ages and
conditions, such as glaucon&, Fattice dystropﬁy, retrnitis plgnmentosa,
age-rel at ed neEsunapn degenapasiedintfadMDb)larlypdsathonieabepy.ofhalege riatraliddg)T as

associated with t or dry AVMD, .other retinal .. 20 degeneratian, optigc nerve
drusen opt 1 ¢ el FespR RS e A ket R R TR T RSE

di fferent typagrRbn@hdveai@atibadpasrds Reedivaly ®itidat B drb@ah&ebudcaording to
the invention include primary glauconma ialso known as primary open-angle

gl aucomm, chr clebeibepenMaragice Gghalibwas, 4:Ehd onli%87 sKenitrenagh.adda beds, 34 163-

gl aucoma sjnpl&x)an Si g AT M. e-cl psyre.qal aucoma

(al so knovs\jlr(l) asﬁg’r%or(r)é?yj%?%grét -OSZE’QQ%??@d%%?ﬁQ&Qa%? I#)%tme/r-lta%’gq%éatbqq’aucona,

pupi | - bl ock glrabten@dn Nond0GEszeI0e40) AgEBCT \Pablidaaus DIFRIV0 ax/0T®4angl e- cl osure
gl aucoma, chranic angl e-cl osure glaucoma, intermttent. angle-closure

gl auconm, chr dRrceBparexRrgtian ef ¥sighabagdy airibsied byiyradueiae ¢ nYFlelg e,
exfoliation gle%fd?ﬁg%h ROV daex i@t 8l aucoma
capsul are), deve oprre%ntag ‘QSFaucoﬁ??@%@ prlg?ﬁry c%%égén@tég@g?gg‘{”éﬁcom and
i nfantil e gl augmnedder ssmoemvd and sagtehurg oigaalé eogpallyiasdokiaradetidrtye gdrawooniing e. g. ,

uveitis a Fuchs heterochrom c iridocycli.tis)), phacqgenic auco e.g.,
ol 6 ol o o TR Z0RGHE of FrtteSbingdite R o Wyirae AR S RS efafd BB e
secondary to rigpéduchgdhiclbiRASidS RS H k8l mRPBERdM! inludindUsP A% 184!, Phacot oxi ¢

meshwork bl ockage, and subl uxation of 1ens), glaucoma secondary to
i ntraocul ar hepsroineyienkallgtic inigqsionreciiotonytom cglciun gfloaplabrprecipifasionknown as

erythroclasti qbr?g%o%ye%oﬁl%)trangfregtyorﬂa\%ilﬂg {cgrloxa/‘ilr'laci,o a ncgvei'\r'aliJ 'adcnac‘)[]eglso%iartce ATAT
gl aucoma, trau I'CrTecession on anterior’ chanber "angle, postsurgical
gl aucoma, aphalkt@nipupitbis aaryyibg tekuclaideid dfiingenstbl ock 5gl aucoma),
neovascul ar. gl aucona, drug-induced, ggl aucona (t_e. (9 , corticosteroid
30 In another embodiment, internalizing antibodies are provided. Antibodies can
possess certain characteristics that enhance delivery of antibodies into cells, or can be
modified to possess such characteristics. Techniques for achieving this are known in
the art. For example, cationization of an antibody is known to facilitate its uptake into
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i nduced gl aucoma and al pha-chynotrypsin gl aucoma), toxic glaucom, and

gl aucoma associated with intraocular tunors, retinal deatchnents, severe
chem cal worns/sbisehe eye, and iris atrophy. Exanpl es ofcryysesioof3spai n t hat
can be treated according to the nethods of the 10i nvention include those
associated wth the follow ng conditions: chronic pain, fibronyalgia,

spi nal pain, carpel tunnel syndrone, pain fromcancer, arthritis, sciatica,

headaches, i Nk k pai ' I in, i
Fromin oy, oot B gt Gt & o SRR TpoR2fiy R oSSR Bpabli ¢ ol

nerve i nfl ammaise® Rlivélan@gfiboShintdels., WiRfdtinfibed fhiphtentstads wkellj th@ment , and
di abetes. 15 Certain _diseases and conditions having primry effects

outsi de of t hesmadlpsy dihdbitoyy fragment that epegificalligbindsfe thebindine Aapdin of theyargeim
whi ch can be t ' h r g ntion.
Exanpl es of s éﬁ%%ggﬁggﬁgkghﬂﬁ% 805'%8?§% ?gP%%ngghgfﬁéggﬁ%kﬁgﬁraIgia
caused by, 5f orsequeangslof an dntitody qeptidranaclecylesAlabSe degpatlithat setaik itldnabylity to

dysfunction, | prado tick .fever, diphtheria, H 'V infection, |eprosy, |yme
20di sease, po f@%ﬁf e fargst oreigaseBenseh Strbbo gt ?SI@QFQﬁla%& g ogr on
syndrone, syphirbdiRed W&F&Hbiﬁaﬂt HNIR (LUNSIDETRLO S YS MARLo M|, Ph8lORLF: 4cad I'n

addition, the nmethods of the invention can be used in the treatnent of
nerve damage, SudhSds9héd8%pHE8al99%bur opat hy, which is caused by exposure to

t oxi ¢ conpounds, incl udin eavy netals (e.g., |ead, .arsenic,.and rcury)
and industrial 25sdiVERt ggd'gl%%ﬁé?lplp%’?dﬁsr%g’stgﬁgﬁtcﬁeﬁﬁlf%becq‘?g%f’ fhey glﬁgﬁ‘ﬁ? c
agents (e.19., RbR&n Bkiane FaNekagipsh tatdimequéelRps 9 asthode AR AEHInOASY (8t J.

Zi dovudi ne, Didanosine, Stavudi ne, Zalcitabine, Ritonavir, and Anprenavir),
chol est erol | c¥idhs Mgfernapelia pemepdompin pagleim qrpable trodipsahstiicientrigtakenf | brozi | ),
heart or bl oo I i I 1 adar, I;n
PerhexiIine),qgﬁﬁﬁﬁé#?gﬁgﬁg%%:é#gggqﬁgm%%F%égég%F(gﬁgeﬁﬁggh?%g%”é%ﬁdalso be
used to treat Schjlusy. 20©43X5e1320y 90 system caused by physical, mechani cal
or chem cal trauma._Thus, the nethods cap. be used in. the treatnent of
peripheral nerve d%@éﬁ%'aeagléla twe%wg@teﬁm tﬁ%Fﬁ&F’y ci%%?%eraﬁlwf?tﬁ? e.g.,
burns, WouRdS,inSdAiGE piovidR et RESABBRY 89 antibSf HRAING fraPMEHARGES 16 XRASW 1Re T O
cold tenperature (e.g., frost-bite), as well as damage to the centra
nervous syst erhlehdebraip bawmiey. Certtin pReodpgenantivadisaaticahre@ssvonatcdagth gnsuch as

cerebral henor.rhage). Further, .t.h t.hods of the jnvention.can be used in
Che. pr ovent i ornGFRE N pibIRt o B AR SR Te R ter ih AR A e RS R peBEen

age-rel at ed navmliyg fraSsent RS chlyimroduyed B akic sain. Wehafthesibedbhyh bass, and
thus treated according to the invention, .include episodic nenory, semantic

memory, short FEBRIRE kb EGY cral 9b-kneng 2peeashep e stfor Imngpptieg melecdFseaRes and
condi t1 0n90aSSOGIARLE, Wil RS o, hARRl HBhGAL, AR REd hERSRI,RAGOLM NI O

t he present invention, include cognitive’lhpalrmen erner's
di sease, Par kiang omdnsclehasahimethoddunt i ngt on' s di sease, chenot herapy, stress,

stroke, and traumatjc .brain injur e.g., concussion). _. .. The nethods of
the invention can tap:}’g%c%gleﬂggﬁgg@‘ﬁé@ﬁg @ﬁlaﬂ’gtﬁ{éy(?f a’f:} phingding féagﬂieé‘br ders

i ncluding, f orcR¥aMB bR dTRdth BAPRF BBIude, HIEAH SbORR e dbSQf BN entieheRBbd-ect i ve
di sorder, schi zopheni form shared psychotic disorder, psychosi's, paranoid
personal ity 138 bamier entisgdhior by drepengsensaings in e blopdidrain barigker | i ne

personal i dissorder...antir-spcial,pgrsonali.t isorder.,. narcissjistic

e sonal 1 0 i a8rapr GHURER IR B Bu eI e Gur R TG Heheei o,
mood di sor der Sseepé. poP@angtSebaleral., deps Eashmm:3 4085 300D) Siafetl€itial pani c

di sorder, agoraphobia, social phobia, post-traumatic stress disorder,

anxi ety di sor delusion/genvieptrabaesa delbienyises e deBobp st .. Frag dgt ohedi Sl

pat hol ogi cal gaghl 9119@762%8@}/fm%h@1mﬁ@&1&gra| cf\etﬁ%r& 'dlea@@ﬂitﬂé brain (see, e.g.,
Gill et al., Narure Med. 9:589-595, 2003; and Gliadel Wafers™, Guildford
30  Pharmaceutical). Methods of creating openings in the barrier include, but are not
limited to, ultrasound (see, e.g., U.S. Patent Publication No. 2002/0038086), osmotic
pressure (e.g., by administration of hypertonic mannitol (Neuwelt, E. A., Implication

of the Blood-Brain Barrier and its Manipulation, Volumes 1 and 2, Plenum Press,
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In addition to the in vivo nethods descri bed above, the nethods of the

i nvention can be used to treat nerves ex vivo, which may be helpful in the
cont ext oWonermsogeafts or nerve transpl ants. Thus, thePCmhishenoszsoe

descri bed herein can be useful as conponents of culture nedia for use in
culturing nerve cells in vitro. 25 Therapeutic fornmul ations of the

i nhi bitors described herein are prepared for storage by m xing the

i nhibitor (su s |1 mol.ecul.e or an.antibod havi t esired degree
of puri by w ¢ iSpr BT PRl B o) b kg et &7 Rk Brent s or
stabilizers (s@8.PfefNosReIN 28605268 PHALIHAG 20k /mal5,6861480% a5 frdBfdbtiaddst i on),
ed. A Gennaro, 1990, Mack Publishing Co., Easton, PA), in the form of

| yophi | i zed caiarays thapgrpddisise blopdbiagnkamgaantestorecontining gapes encoient s,

or stabilizer : j - iepi t.th ngd. cqncentrati ons
orpi oyed,  and Sontitoar b el Pl R R s o b SR AR AE 5t her

or gani ¢ acixds;208800832%ant s i ncl udi ng ascorbi c acid, BHA, and BHT; | ow

nol ecul ar wei ght (1l ess than apout 10 resjdues) pol ypeptides; . proteins,
such as serum al burk! ﬁ-bgéq dpet ch_r‘)f Fﬁ%ﬁ&ﬁ’é’é‘g&ﬁﬂl’iﬂEg‘?y Myparepndiee faemerr s
such as pol yviydpyRtMdddRa baftt HRIAE] 18 a Yo MidReSloy &ich la_gﬂngfdﬁm ne,
asparagi ne, arginine, or |lysine; nonosacchari des, disaccharides, and other
car bohydr at es dntibddydirpgtigandindeg fragmend seliposomeethbirarnequptded attitedy agent s
such as EDTA; ,sugar .al cohols ,su as Smannitol or sorhit.ol; .salt-formng
counter-ions SU¥ n%ga%’&%’it%tlrl?ft bé‘ﬁ(ﬁggdfceﬁ A ‘Bhéhg Vgﬁff“{a&%’l‘{ﬁﬁl‘i‘u@lj’é e&’éooﬂi\een,

Pl uroni cs,100r dhfebatriRR{sBE, eQl U BOPdIgt WpBHcdtiOh PUBlidaLiMONBArI0RIHL S ALY, QAd Must  be
sterile, which can be achieved by filtration through sterile filtration
menbr anes, pri@atingthg pntihedy enprigen-yoghgl fragamenion letdenséty dingprotein pasicles

Ther apeutic ¢ osi.ti - - i ,Rer i sterile
access port, 3§%=§§é%§?Z?&ﬁﬁAﬁﬁyggﬁﬁﬁ%ﬂgﬁégTﬁ-?§§9@§§5§§N§?§%Hﬂ§§?%§%5

st opper pi er cqadd eghV).S Papodpgpiivaton PydiciicrNanQOMM/@131692). The inhibitors

can be optionally conmbined with or adm nistered in _concert with each other
or other agents kn qﬂ@"ﬁ@%%§g¥hbmﬁgnFﬂ@d%WE&WH%H?W%mePW@”?&P@WBH?“Uisease

or condi tign. bﬂfkﬂﬁg fr!rnggrixénlf' GerbdsQRd PBOA-bREn Wrrper 1&8{1%6? gﬁt%’é ot 1l %,tuglfné can be

15adm ni stered in co nation with R luzole (R ), mnocycline,

i nsulin-like glewcortifedbickds (d i@Fedse, peamchbiity ofethbbloodibedimbarrier (see, agot her

exanple, int t yeat nent. of Ki nson’' s di ihi pi can be

admi ni st er ed QEFhﬁﬁ?H2%@?“%88Eﬁ?%%maﬁg@ﬁé@@®@@§§??ﬂgﬁ§@6§%?§ﬁ?ﬁe,

pergol ide, pramopexmB3); aopiatlhg phiassiBaBRNGES (S0 .03 NORDPk Pplicdidn

i suride), dopa decarboxglase Inhibitors ( | evodopa, benserazi de, and

e.g.,
20car bi dopa), Pkkigasion @ﬁ@%ﬁﬂ)ﬁﬂdﬁhibi@ggﬁl?g duledginsnoners4prg. ¢-astei-1ine). In
a further a L A& HRer.' s. di i-qhj bitors can
be adninié?ﬁrggkﬁffﬁﬂ%%gﬁifgﬁ%%ﬂnes?gigggéﬁﬁﬁl f?%?%zﬁe.gf?‘$gﬂ%pezil,
gal ant am ne, arasfeirinasit]ingriuhaihg actditg of tWvlohe bemert tems@irimagoipiat Geé,e.o. ,

memant i ne). The_conbi natj.on. therapi.es can involve concurrent or sequenti al
adni ni stration-S tefnﬁgpg fkoB u@i“%‘%ﬁ’Té]ﬁtyqﬂé&lgél,%é?négﬁw?ﬁ 8d to be

appropriate bynlibas& e, 8ki 1S iPRichi™®o.89,d04,607% i nvention al so includes
phar maceuti cal conpositions and kits including conbinati ons as descri bed

herein. 1 n additi of\ntidodsheomposivonausce frstha otedwdabbihe inventhar are vimiukgadi ons

included iy the inventjon are.conbinations of .jnhibitqgrs, of degeneration of
i 11 or ent Teur e FLaRis BB E S FRE RSt el Kb G nEr Bhs. o
agents that (ifprdionbidbiation BAhidegapanallidnh®partiBariBiti @R beiak krektedyhe and (i)
i nhi bit axon degeneration. As described further below, inhibitors of GSK
and transcri ptiaBisulse memmsl heing egeds therplingalronditianob e dpdindud patiens| the bodi es,

the i nvent i on Tasrt e OrRtng AR MY B EEhe SRIRDRL By STuflip B, ThOS:
the scheduling of administration, and other factors known to medical practitioners.
30 The antibody need not be, but is optionally formulated with one or more agent
currently used to prevent or treat the disorder in question. The effective amount of
such other agents depends on the amount of antibodies of the invention present in the

formulation, the type of disorder or treatment, and other factors discussed above.
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(and/ or p38 MAPK), conbinations of transcription inhibitors and EGFR
(and/ or p38 MAPK), and further conbinations of inhibitors of dual I|cucine
zi pper - bedoizog/dsirase (DLK), gl ycogen synthase ki nase 3PCTESER0PF359938
MAPK, EGFF, phosphoi nositide 3-kinase (PlI3K), cyclin-dependent kinase 5
(cdk5), adenylyl cyclase, c-Jun N-termnal 5 kinase (JNK), BCL2-associ ated
X protein (Bax), In channel, cal ciun cal nodul i ndependent protein kinase

ki nase (CaMKK).,. a G protein, a. rotejn coupled receptor, transcription
factor 4 ( Torimels s SpRdlvdisrdin Bt Bk T AFS R A BhBERE! ot | ons
can be any of deb@fRddesE bd@duh®ERi1Re 99% FialosddelidctiRidherin,ldh@ssmyt ar get s.
The route of adm nistration of the inhibitors is selected in accordance

wi th 10known rostasdad by agy roujeihas ds ¢rapirieallyfhinigeilodetesyningdte Ho aprsoryiate.

i ntraperitoneal, i [ i i Lar,. Lnfraarterial
or intralesional r %’E %eh;é,%r%%l cﬂa(fr t%%@%éﬁ%t% .ge'oﬁﬂ,e%i%{"%gﬁggﬁgﬁaé‘% ﬂ%e rel ease

systens as SdesafibbdBdwheh 03&d alone or infk@nbimatioR 04th @Hea hgensd will Bepefd 6P MHENds can
be adm ni stered caontinuously by infusion into the fluid reservoirs of the

CNS, al t hough B Usliscajede br Brritthjhafupordf oy alhe scvereandisamss Pohe can be
adm ni stered iHlQsd QReMENhE hﬁib@g Qfadﬁlti}ﬁst%@'fcg g?éve?[?%q{r%de?ﬁ)ehﬁé ﬁ\ﬂ'g gd into

the CNS or spinal flurd. Admnistration can perforne y use an
i ndwel | i ng catphetieus tharepya thegaticmiselisicaldnstony shd atsp@rse nethn sntgwdin, aad the punp,

or it can be admnistered by.inmglantation . 9., intraccrebrai inplantation
of a sustainedﬂ$@¥@ﬂ§gﬁvgﬁp§? hBN@¥@nsEﬁ%P¥ﬁ@§¥PfP“% aIﬂWFH??%WgH%an be
injected tiw oyaledQt 640 1@ 6alveYa bdiRhl BNt &ENGANNUERAIAL of HeARp LAl s¥veriff used
with the help of osnotic m nipunps. Subcutaneous punps are avail abl e that
del i ver pr ot eigiéhe disegeryAbout & malkis to dbmedke (o-at. R r@@ﬁéﬁpmg/l@gém" pitdiody carHi ghl y
sophi sti cat ed . Il [ ki.n. . an hei.r. del i very
ate can be. sct THETANGG Abit R plPhBETah DpS bR e RO el

adm ni strat i orbymnebomoleseparake dethinigfayiossy 61 BNTontitwek Wfigod OudbEpicalnROWs punp
25devi ce or continuous intracerebroventricular infusion through a totally

i npl ant ed dr uglogeenyghyangedianboub ! pedgdo Ldbaefkgor moee: derfoding Cp&S on of
; Mo : 2 . : SLSL O o,
opam ne, 14oPFRHE YRR aﬁovégsg)f%gétw%&?ggtmb%%ﬁ {Q Vﬂ@é;@nglggs c’fi bed by

di sease patients and ani mal no s for Parkinson's sease,
Har baugh, J. NepemlinglonghsmndBigppthe t24n27dwold geheralydeBeYsbahesil etleated, Mov.

Disord. 2:143, 1987. 30Suitabl e exanpl es Qf sustained rel ease preparations
i ncl ude seni perREEHI¥ Ogﬁﬁﬁ?ﬁﬁ“ﬁﬁ?ﬂ%@%”? nB?%%‘eP’B?‘H g‘?sa%%’ifsgﬁarﬁ&?ﬁ? | es,
e.g., films orwdilE€bOBmARSHhESfromUBsRINNBUng/R &aamumxﬁ'g&%smﬁsgbm more

pol yesters, hydrogels, polylactides (U S. Patent No. , 773,919; EP

58, 4:31) , copo:cvﬁw%‘ aput 0 Sghgrkard ¢ makiedt- 8 m/lgm a0 @gﬁgl(omanglcamém‘fi@l (Si dman
., Bi - 547 . . (2- - e
(Langer otoar WGHF waghodfmiphiti o Abatiphe” SMFEGRIGLY Bl BbIRRHY 30 0)

12: 98, 1982), iethyiktemtly, vpnyicracetladrevélyalge weels (ak., sudhdhat tige patient
poly-D-(-)-3-h drox?éb%ri c acid SQEP 133, 988A). Sustained rel ease
conposi ti ons AF<es HemArauy thode abatt FYENEh OF S8 dows Fod thepitibadadnpe
prepared by nmghodsened BAling @hsesS FollorRE bF bl S mak lowd?dBes "N He-adMfRerePC! -
USA. 82:3688, 1985; Hwang et al., Proc. Natl. Acad. Sci. U S A 77:4030,
1980; U. S. Paténexdaglary 4loi85 regiteragnch ptis&idinBudisterisgah iBRial DAdIBE ddde. of

Odinarily,. the |ipos are .of the snmal| (abqut 200-800 St rons)
uni | anel a&st yﬁgo §i rﬂg@ﬁwﬁﬁw Kb g ‘ﬁ'f‘%lycIBﬂP%HémFgoﬁroiﬁg%lﬁgt'ﬂggg 8{)%& 30 mol %
chol esterol, thgbs® ewhder, other dosage regimens may be useful. The progress of this

therapy is easily monitored by conventional techniques and assays.

F. Activation of Neuron or Axon Degeneration

30 The invention also includes methods for activating or increasing neuron or
axon degeneration. This may be accomplished by use of an activator or agonist of one

or more of the targets listed in Table 2, above (with the exception of adenylyl cyclase,
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proportion being adjusted for the optimal therapy. An effective
anount of an active conpound to be enployed therapeutically will depend,
for exanpwe,2oupsmthe therapeutic objectives, the routePafi/usdomonszsbs at i on,
and the condition of the patient. Accordingly, it will be necessary for the
therapist to 15titer the dosage and nodify the route of adm nistration as
required to obtain the optimal therapeutic effect. A typical daily dosage

ht f f ut 1 0 g/ k
(o aboat 7 i ESPHER G etttk b Gkl he B sy B about 1
ng/ kg to 10 nmég&ierﬁmytﬂﬁlsr%’ohﬂtst& d@é}@wcm%%g,p@gbé@ﬁng ﬁ&@w(m)g%% ddgeh O

about 150 ng/ ng, about 100 to about 5 ;g/ kg, 20 about ng/ kg to
about 400 ng/ k@nthaﬁ?ckl@@@ﬁﬁ @ 3[%@P$<&gmtt©g@nb@uvat DTOF@URIQZ)SG (pfdAdiKng on t he

Bl Cor unt PR S B Ricator (AFRS phefo @Ot 1Rl i, 211 Ve

optinally, sl ldapaaiehaﬂn@é,s (0QIE5)0¢-JEON Qerfiyiii k ha®e (PNKY,MBCIL2- eab@saiksease or
condition. The progress of this therapy is easily nonitored by conventional

assays. One orPrasHeBank Jechanslapd galgiunssabinpdylaydopendgarpmpict kdnase kinggget her or
at different t(ldg?ﬁq‘g I

adm ni stration a )gceaggﬁ égqgﬁ%)%td&wac@?% retngcége‘agltngﬁa%é}{ %etggneg%%r?i stered to
a subj ect usi Mipctiapdstenty betlentifipdas charagerized mieasagysnl axmydepencaddivhjasst er ed
orally, while secqond agent is adm |stere viaintr rruscul ar injection or
i ntranasal | y). ‘?eéﬂg’ 82“(‘?5% ﬁlﬂaﬁéﬂ%ew b At %P%‘r“e‘iﬁ‘n GEFESEH & MeHMIRe or
30nmore ageypt h@ﬁcl@n&ﬂ&k@&&hﬁﬁﬂdcm%é ﬁ&aenb@oﬁlé%bgr@&zh Aol B £308ed fof -

Al ternatively, one or nmore ag ent be adm ni stered, such that the

phar macol ogi cals ﬁ&t:ﬁqncteger@ratloheAfgpmstls oanltmrcm @taemede@gennon @nebcpm@d the i or

the adm ni stration..of m secondar red ents (e.qg.,
1 Mor s Mok et R oSS Sy AR SRS R REE S el 10
invention (andyvarissng disteoapaidition (Rgeidy)be CBtafleriad Hy McSthidie Af DYatany

sui t abl e means, including parenteral, subcutaneous, 1ntraperitoneal,

i nt r apul nonar yProgess elaras Bruningrsad degengration. e Fheragonisis audy be feranuiaiet and
Sintral esignal,;agm i34 ﬁ]ﬁb!,é%% in B@édea}*sﬁéha&ea;nﬂé gﬂgﬁ%&ﬂaﬁé Y% b Blo Eea”“SC“' ar,

i ntravenous, intraarteri I ntraperitonea cut aneous
adnlnlstratlonbyhﬂwaddﬁﬁn@ﬂEzﬁntebodles can be adm ni stered by pul se

i nfusion, particularly with declining doses of the antibody. Dosing can be
by any suitable route, e.g., by injections, such as intravenous or

subcut aneous uﬁjGCQhQQQSOﬁQQﬁﬁﬁkﬂgeln part on whether the admi nistration is
brief or 10chronic. The location of the binding target of an antibody

used in the inventipy,fa0 a%&c@@?ﬁé’m‘v%f?mc 46 AhhRFadtite RE. %pé‘f)ﬁéﬂng&: F}%I ar

adm ni stration of the anti VWhen t he’ |nd|ngtarget 'S ntrace
mol ecul e, 2er tcampogtrizodi klemblstamfngtﬂmemah/mafulmthHMIdeltboprevdsrmoamf thbody or

ant i gen- bi ndi n heref t.o.be introduced ntoth 15c t he
R A S e e
can be expressfgbniaifer aEA labidk E%{ckéée mfert 8 raRQated With the thaihét roalely, " as
used herein, refers to an antibody or antigen-binding portion thereof that

i s expressed icqpiaies inglnds: foy eéﬁaplﬁmﬂqssv@éﬁabnﬁesdﬂc s Bhesgoniainskyméyi bedi ng t o
Ront erni ann. - REredE g 34 8655l bSR3 Yo S el T ARG i bR 00 ana
6, 329, 173;25U. S coRgosiritn Mapisibg ékélO6r when combined with another composition effective for
treating or preventing the condition and may have a sterile access port (for example the
container may be an intravenous solution bag or a vial having a stopper pierceable by a
hypodcrmic injection needle). At least one active agent in the composition is an inhibitor
of the invention. The label or package insert indicates that the composition is used for
30  treating the condition of choice. Moreover, the article of manufacture may include (a) a
first container with a composition contained therein, wherein the composition includes an

inhibitor of the invention; and (b) a second container with a composition contained therein,
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Publ i cati on No. 2003/0104402, and PCT Publication No. WO 03/077945.
Intracel lul ar expression of an intrabody is effected by introducing a
nucl ei c awodoamsedzng t he desired anti body or anti gen-biPpowiusgoposispen
thereof (lacking the wild-type |eader sequence and secretory signals
normal |y associated with the gene encodi ng 25t hat anti body or
antigen-binding fragnent) into a target cel |. Any st andard net hod of

| ed Lo, mErOrRBaPr BRIy e R abEnRee el PPt pofn e ur

phosphat e pr eGh @it ahb&iiment FPARARRMtioR Ady FirBRS fn@FaHb 8 PadMabdlins&t ihﬂiéht'i@é that
adcnoviral, adeno-associated viral and vaccinia vectors carrérng t he
b

nucl ei ¢ aci d dhe fompasiions cadierisechiottieet a parbotireendition. nAberpativiely, argpddittonplidi es
are provided [ esanSShhain char £ nhance
Ce ey o BB AR ATRAA AR UASL AN S L B

char act eri st i gtharnleeitivallpesceptable dafferevich@s bﬁutaloafaec Iwraawmrnmjecttm (BWED), For
exanpl e, cationization of an antibody is known to facilitate its uptake

into cells (ddesphgtegpulforgdgalinss Ringer neplutpnznd dotose solpfiesr é&mﬁ%ﬁ&h@? include

| i posomes can af &0, dp&iatSiedr déb@e ﬁ@ﬂl'a‘é% e?&al?aﬂ{}lhgé? Jﬂ) , fehliSe owé%l?ffers
anti body fragnents are used, the smallest in tor ragnent

speci fical | y hlilneigs.tidtetsheeddiendindgyciggesi n of t he target proteln is generally
advant ageous. For exanpl e, based upon the variable-region 5 sequences of
an anti body, pepti dartheldetilk efthe anvebgordes iltpsteated hathe fdtcawing bdrelimbingi ty to
bind the t rget rotein sequence. Such peptides can be synthesi zed
chenlcallf’ nd%@ﬁ Foduced by reconbi nant DNA technol ogy (see, e.g.,
Marasco et al., Proc. Natl. Acad. Sci. US. A 90:7889-7893, 1993). Entry of
nodul at or pol ypeptides into target cells can be enhanced by nethods 10
known in the ddt. MHommplenpl e, certain sequences, such as those derived
fromH v Tat or the Aplennanedi.a,AemEadonmil. Rl ol el R 8l e, ke 0ol r ect
efficient uptake o Heter o ogous pré%elns acr 055 Cer f “HENbr afies ?see e.g.,

Chen et al., Rha§.nelidtitgendaat disabes abPalko oErAR25ehB2T inj kY9 trautdh &tht he
binding target is located in the brain, certain enbodiments of the

15i nventi o prigiogesysisim-t He fa?fﬂlﬁlﬂﬁiﬂﬁlthétrre&‘i‘\‘t“ieéléﬁﬁ‘ﬁlVﬁcﬂ’f%@ssf hongvenereiEr eof to
traverse the ttlegﬁ’iﬂmgft@bé‘u&%&'ido%f BalS&' I|ty O @ﬁgﬁgﬁ%@éﬂ ré&deﬁ’é of%@afn are

associ ated with an rncrease 1 n perneabi rain barrier,
such that the aakorhdgynwaticanit agearstshaidiffigerft meeghanitmsoasy treny@edi hyhis

i ntroduced to the brain., \Wen he bl(qub barr.i er ins, intact,
ever o o b st Ao BimR o ep e th s A i SR ST e 201 ¢
i ncl udi ng, butthen@xtenisltﬁat&@qla&@neuamﬁlaﬁ@ﬁ dég%ﬁé}m a libRhdsamadhdiBlnods, and

recept or and channel - based net hods. yS|caI nmet hods of transporting
the antibcfly cemanwidgéncdingdnpyn sigaginsmathaeydissnedsts dingwenior avan barri er

' nc! ude, but 6H(—:genrapattlon w@]‘c s%geeﬁed’ l\cfiultlgtj hr?/eg%n{m it vpagfs QJeOOQenq{f%d as Q&H}é Ler

entirely, or creati ng openings In bar ri
25Ci rcunventi macermdﬁ ﬁﬂsleumﬁ louﬁbem depiénctution NDbtablyrh hedbdref kdlhiee&terd nj ection
into the brain (see Papanast assiou et al., Cene Therapy.9: 398-406,

2002), i nter stifigyifed ?W%?@W/qfaﬁ%em preneleenseasan.dad fygey medistie g Bobo
et al., Pr ocC. SN@ﬁés lod%ﬁ%iil th%nctldiﬁ)f%'lstl%&lg%% %Qﬁﬁer tl]regz%;%}lal (ﬁ‘Qgil b{)}B'I ant' ng a

delivery device in the brain (see ) ture
9: 589-595 2520@:@mpa1mj61® | ‘Hoboé thWe;rssszdw al@usthdi{e«bntbtﬁﬂlahg&mmuemparaagms Met hods
of creating openi but are not limted t

h b i ncl ud
ul trasound (sed™¥ n‘%aar re %esuﬁge{sé’lﬁféqg{{fg‘i%? ’i%ﬁﬁ’c‘blﬁr REE a@‘é’@?ﬁ%@@%&é’?ﬁum’b‘gmt ic

Ipr elss ur ? (€. g.axoR¥el RGN R aheRRxpdritdnRest QicAbdBNMd BllokNe W BblesE- A,
nmpli1cation

Example 1

30 Models of Neuron or Axon Degeneration

Three models of neuron or axon degeneration, which were introduced above in

connection with descriptions of assays that can be used to identify and characterize
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of the Blood-Brain Barrier and its Manipul ati on, Volunes 1 and 2, Plenum
Press, N.Y., 1989)), perneabilization by, e.g., bradykinin or

per neabi IWpen11As719¢see, e.g., U. S. Patent Nos. 5, 112, 59@CTAIS268/0154¢

5,506, 206, and 5, 686,416), and transfection of neurons that straddle the

bl ood-brain barrier with vectors containing genes encodi ng the anti body or
antigen-binding fragnent (see, e.g., U S. Patent Publication No.

52003/ 0083299).. . ... i.pi d- hase hods _of _tr Qrting the.antibody or
anti gen- bt ni Hap RS aRE HrlRbra0h B0 PRIRRIL U At a8 bt v
not |imted taxpeinaansddsatibeddelone irhididpeahyi-NGE anibodesehinndéprgafidnigaent in

| i posones that are coupled to anti body binding fragnents that bind to
receptors on tRECHIREDM HlCRONg FEHBIEPLATSS- t he bl ood- 10 brain barrier (see,
e.g., US Patent AQpl k&l AovRuildntiatiop / nd coating
the anti body or anti gené-iﬁ’i nglgongyt?r agrrer(l)t QﬁllﬁpTdo]v%\?%r@?lﬁgéﬁ?%g%ﬁgt ein

particl es (Ssegrolifenption bf &onfathilettreAy suclahéroes Withharitelsd G antibdalies280dt4 B204354)
or apolipoprotein E (see, ., U S Patent Applicatiop ubl.j cation No.
2004/ 0131692) .ax%éa%%fﬁﬂ%@?%ﬁ%% reREH P Hﬁtﬁrﬂgﬁ\&%mt—&&ﬁsﬂﬁaF?@ﬁ%dead_ﬁe
antibody or anbis8Rpd dikRBinHoRtholdpRAMEBRLeAGRASR dchRiaBleagdnRfREdpybRES | er
include, but are not limted to, using glucocorticoid blockers™to increase
perneabi | i ty cikamhle, yHrgotititsriainmedonmeives cyligiead, wigh anti-NGF 8ntilRaliesiefospploncat i on
Publ i cati on . 2002/.0065259, 2003/ 0162695,, and..2005/0124533): activating
ot s, um chan AP LapaRE fome it RRr el A MR Bl
2005/ 00894(03) ,axbiddultuted vgthARG-NIGH gntifodits RRkEEREISndas@enit®hBndrialdn®shad¥dat ent
Application Publication No. 2003/0073713); coating antibodies with a
transferrin arfgcyBdaionqfmytoghendpipdy vgicopikes, Siggeg 2 ikat axen spast isi n
receptors (se . R i i b I

2003/ 0129186) ?’1%%8‘9c’éts%égﬁ?ﬁﬁ%ﬁ?rﬁ%@%ﬁ#?‘@%?ﬁ‘ﬁ” ¥ gljéﬁ g@é% B\g@“rspoaﬂaé%’% No.
5,004, 697) . Arftagbediptico(figse 8). ok furtieeekainipld keiatayed bpdskelefal tikassemblgnt i on ar e

formul ated, 25dosed, and administered in a fas lon .cons}fste.nt i th good

medi cal pract ‘65T SEFEYy B pptrotdipl Rebyorkidhissemble PRoL g beaenepd | ude Tt he

parti cul arj5di SREAGankSt AGwbS alEGntrhd &in R NGE WidkiraWHBH1PS8L REcbisated, the
clinical condition of the individual patient, the cause of the disorder,

the site of deleiwakywaphotidisasssgdind befdre theatiioor sradidamanit setwatk @igure he
schedul i ng of adm nj stiratiqn, .and ot her fact kno t o nmedi cal .
practitioners. 30 né)Ehéeﬁ?ﬁog(% 31; a)ﬁ%ne%gﬁ%etr aut%l,ls g\{@ o %e%?rfeé&ﬁlgﬁv 1?16}5”“' at ed

Wi th one or nufiduca@Bnthe Outur@Atd of auseéh nQhPHemand: s§fardiésaafrorh hig: @ligeagder in
guestion. The effective anount of such qthe ents depends on the anount

r _agen
of anti bodi es (BEUEend (Fehnatrt ReFh et eS@fitce 2HOE ARG A48 R, IntWdlepigne of

di sorder of tr t I a
general | y(%gs eﬁ%ﬁ? émssg%(g&aggﬁ&g%ﬂ%’n%ro\%dg %&gﬁﬁl&ﬁ%ﬁ}%??ﬁ d Igglta gesd ’ élsg
descri bed her eompaed tawydd typk cortrdls (Fogud® 95 Araki di el. drdage 3054 ESB6):1 Od (Hér ei n,

or in any dos a by. any .r that.is enpirically/clinpicall term ned
to be appropr ﬁgﬁ@ D@SF}%{:‘H@}( B’F%&t@lﬁ?’i“@ﬁt ﬁﬁvaﬁtOﬁéh‘?tex eret § ,On% ﬁg? .
appropri ate doragRief mdbhaRisA) WhRAdY weNRes HIBINAS NBar! A FQBREDALILON Wi th
ot her agents) will depend on the _
after NGF withdrawal, but did not prevent apoptosis.
25 Additional information concerning the anti-NGF antibody, serum
deprivation/KCL reduction, and rotenone treatment assays is provided in Examples 2-

4 (anti-NGF antibody), 7 (serum deprivation/KCl reduction), and 8 and 9 (rotenone

treatment).

30 Example 2

Screen for Inhibitors of Neuron or Axon Degeneration

The anti-NGF antibody model described above in Example 1 was used in a
screen for inhibitors of neuron or axon degeneration. A library of more than 400
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type of disease to be treated, the type of antibody, the severity and
course of the disease, whether the antibody is adm nistered for preventive
or therapeotot/gsomposes, previous therapy, the patient' eCtliseéiomb3shé st ory
and response to the anti body, and the discretion of the attending

physi cian. The antibody is suitably adm nistered to the 10 patient at one
time or over a series of treatnents. Depending on the type and severity of

t he di sease, about rigl tq..15.ng/k e.g.., 0.1 .ng/lkg-10 nu/ kg) of
anti body can b& &ﬁ?‘g%é&g%rb?ﬁ%ﬁ’%fé e)d%éﬁgée%f%rseeawwnﬁilg alPOHo t he
patient, whet hbendRonSBXIRIER IRYprERRcAIr ABRNGIS &RBOALE adm ni strations, or
by continuous infusion. One typical daily dosage m ght range from about 1

pg/ kg to 100 ny/ kg Methedsrand Miseréaisli ng on the 15factors nentioned above. For
repeat ed adm ni strati on er .several .days .or  longer pendi ng on the
Condi thon the ¢ redthERE Mo GERRe g Rd ol bPaRThy TR ARAN el | e

suppr essi orp of (ifliis@RER EEHPInaNTord GasidiSsected QuEK@T e mbritRsAGEDREst he

anti body would be in the range from about 0.05 ng/kg to about 10 ny/kg.
Thus, one or msaehedodibs spinal gplstvith BRGyatkaghedwere plcedintol. 1§ megivg + e 10

my/ kg (or any ﬁgg%@ﬁk&ﬁ@o)%% i d@%%liG%XreQﬁrlx?géeﬁ':L{ggi'n,ﬁtagérggt;ﬁl%géecﬁgam\g ent.

Such doses nm mni st’ered i ntermttent or every
t hree weeks ( ecmainir@spinat dvad wahéispatd eftEigiecedlwdides wearmfitibdwithNSeF 120 about

twenty, or, e.g,,.abgut six, e t he antibody). An initial higher

| oadi ng dose, _s%mt‘l%g_%d"’bg[a’&r? lgrfﬁ’gﬁ\@ ﬁume’&p@%y%@_‘“&&ﬁi tﬁi"gl_l W An
exenpl ary @osifigded SOhJIRINCHROLIRSS (8HSppieplehl WAIMAR Hyilulish of Q8dhdg dose of
25 about 4 ng/kg, folTowed by a weekly naintenance dose of about 2 ng/kg of
t he anti body. ddoesmiteic, whichevas dedabemiang the dglavwiyg ingradgefsuin. thafolopinggr ess  of
this therapy is

N j d . by. ' i ..and :
F. Activation qud‘]%gﬁpgﬁ Pga?]ig%}’o%gﬁgéél %%Ql\t{ll lgltﬁt@g%eéai?m#ﬁ%? S"t%%g@??'ﬁg%ﬁzdes

met hods for adiovit@tstiigh AburhinGI @AS/mIGn FBSYOA 150 wax o HEDRAGERhI(PN47THGS may
be acconplished by use of an activator or agonist of one or nore of the

targets |istedHTHI Be/m! imbBYE =W Mk hE reheedive ssiende (Hdain Mf: &8ic| ase,
Wi th respegt trﬂ%gﬁ:ﬂB@@ = S@']h\?%P%&Bgﬁﬁﬁepﬁné’&ﬁgdrﬁ&l&ﬁe'(#ﬁ&%—é&%{bﬁggg@ﬁ %:%)C%‘

degeneration). agoni st's eucl ne” zI pper - beari ng
gl ycogen synt H3BES kiSAaseM B 02 rHIGBKSfsteyone ) B&7 831 30 el agd/inl At abdolpte@tlanol ki nase

P nee 1 57 LG o958 e Srtane (EFAB R E R PSSR oS b 55
kinase (JINK), B2 853 aabdiBdnihePsRNBh ghn(@@xéz-lddmermf\}/%l/ml and1 N

cal ci uni cal nodul i n-dependent” protein kinase kinase (CaMKK) can be used in
met hods of actNaf il =gl o d melasiubig (8e¥h2dBdeneevane mncre®uéhl Hguni2st s may be
i dentifiedor Lacter | Ln assays_of axon de atjon,, as descri bed
her ei n. Tﬂzlg)s, r?%Fnl é&%%%ﬁgé galﬁ I aoéagoé%rﬁos mec(%ﬁllag)g nblr(%aé‘el??t&?rﬁg%e"di umin

10 whi ch neur @ISCar£n NOlstippl&@ent ktack has padsBN&mdting tic\ell@riapt o thiact or, and
assessed for its effect on,deﬁeneration. Agoni sts _of neuron or axon

degener ati on &R/ HEP (KWK Gibehd Opplaahaaming 4ZehaM: Cabaopd midYIEY] wEmias or
condi tions i nghysh RGLERT | BREM3 @ b 8Hoxa | bSERA

condi tion thatc( rray’rtge&)?har act er{;&%gg&%ya{asﬁe’?egzﬁﬁévreg’qglfg%yarllg{)ur aﬁ)?éref)ncl'ess of
axon pruni ng are misgenensafilitasterilinel woenri G2 Spumdijtehand 02mil Aigects aweek

15adm ni stered . to sugt'tﬁgts in need of such treatnent using nethods such as
those descri bethdiselfon E, above. G Articles of Manufacture

The DRGs were sectioned into halves, and placed in the center of each well of
an 8-chamber slide (BD Biocoat PDL/Laminin coated glass, Becton Dickinson). The
DRGs were permitted to attach to the slide at room temperature for 5-10 minutes,
followed by an overnight incubation at 37°C. Inhibitors of choice were added at a

30 concentration of 100 uM (top row) or 10 uM (bottom row) 1 hour before adding anti-
NGF antibodies. The anti-NGF antibodies were added to the right half of the slide (4
wells) at a concentration of 25 ng/ml. After incubation for 20 hours at 37°C, the
slides were fixed with 30% sucrose/8% paraformaldehyde (PFA) by adding 250 ul of

84



I n anot her aspect of the invention, an article of manufacture (e.g., a
phar maceuti cal 20conposition or kit) containing materials useful for the

t r eat mentwonroresvmat i on of the di sorders and conditi onspdediseelbesdsabove is
provi ded. The article of manufacture includes a container and a | abel or
package insert on or associated with the container. Suitable containers

i nclude, for exanple, bottles, vials, syringes, etc. The containers may be

formed froma yariety..of .material u as gl ass or plastic.,.fhe container
ol ds. 258 compbert celighGFEg o, B 2o UF o uilriiugr ofBiife iPnor ner
conposi tion effiRfké/8% HIN sdhittat ihdGolRiwiRs RigRlcnfiOvdrgddeaidlh 60®MI Baadermay have
a sterile access port (for exanple the container may be an intravenous

sol uti on bag ofclydipgaistinkayi 73§ ml KpBhacast b37d8abFéechon Mierpprone Peiceces),
i njection need i e i .he co i.5d i n
i nhi bitor of t%(g‘)“} %@éﬁ??%ﬁ7‘%@‘1?g%l\é&é?"%pg%ﬁE%I‘é&‘unlnvsf%r‘g&?%g‘ut“z:eggbe‘}éﬁ?aﬁat t he
conposi ti orp i sunti$ éldsdlesd, A0 themb-8rigorishod 1 M NAOH were alfidedihoibeing thvipHeoer., t he

article of manufacture may include (a first container with a _conposition
cont ai ned ther‘é‘ﬁ@ﬁw%%ﬁ o E@@B@é@:@ @_fwili‘wrHﬂ%&fa%mdrﬂﬂlﬁ«iiqrp}fﬁ%f the
i nvention; andyffon _%%ﬁ?&ﬂw@lﬁ%ﬁa@b&ﬁ%ﬁ%&& afld HBIROSThd QIS QB E Forlsder €1 N,

wherein the conposition includes a further therapéutic agent. The article
of manuf act ur eminutes HoBowerblmdwasbmig cofe Witk PBAv et detln wampylalfaledt g ari aptihude a

package insert _i.ndjcati that th onposi tions can be used to freat a
particul ar contf' f%ﬁxaﬁ %(?nh‘ﬁa}e\c}é’%lfo“gg’ ];ﬁ(ﬁjilﬁlﬁﬂ% nﬁ]’f,m‘f‘ﬁléra%er‘ﬁ}feébé&of

manuf act urg may2001iesgch) ehd 8 ONA S8GIAdechor330bs; Mo, ontRitiRen) iR0l1Y4i Ng a
5pharmaceutical | y-acceptabl e buffer, such as bacteriostatic water for

i nj ecti on (BWFIyton grbEpizaatscnit fos 2dgurs gt foas terpergaye. sThestain sadwicantasdext r ose
solution. It ' r L erinal i . a

conmmer ci al ang% ﬁlggégésﬁlagﬁed%@?ér#gl%i‘ﬁatg?%d% %gﬁtgtpf?gr E%cﬁ%? é{sﬁgegi‘{lﬁlgln@toﬁl 0¥ ilters,
needl es, and syount@gsnedium (Fluoromourft; Hietron #lisiok@po Keiches) adedtyd @nmar e
illustrated by the followng non-limting 1l0exanpl es. H. Exanples As

di scussed abov0- 1rFé’éiFr6]rﬁp5cfrVVg§bn degeneration is a coomon feature of nany
neur odegengy ati ve disgases and al so occurs as a result of injury or trauma
to the 15 nervous system The nmechanisns that regulate this active
process, however, dnghesustpehmgntamongoltrsutves (avdenslizsd by aBaseaniop) st udi es
enpl oyi ng different del.s of neuron or eneratio it pears that
i Tt etent mecHINESirRl ey Pet HHTBTOGth e irie vipaaBgS 10 sapiEti don ¢ he
nature of the gegacdsTcedin sihlidleclies, falbit MorighRiABAighine@ upfieNeyent s t hat
regul ate neuron or axon degeneration, a |ibrary of small nol ecule 20

conpounds t ar g&ithdigvainbigares oghPahpyighgres ey thephstnberefos a grotsseemomhiditoaxon
degener at i I ipl i I: . I tified as
bei ng neceésy;a\rl@d O(?ﬁgggn?bg%r 8%%2 a?égﬁ@%tl%%%%ﬁ?mg& ﬁngé;r of

ki nases wer e iaawitorf (Feghre®), srashsatipicnh iolibiv@and an BGTRMAGNasd @detiet diipan 8),and

further nmechanigtic studie ocaliz the function of distinct kinases to
ei ther the G GG PHCE%%V‘ %@%ﬁ'ﬁ?ﬁh&?ﬁf%@}wg%mﬁ I'balwé\y%omaélda s0
studi ed in ot heMRARIGRSHE (FRPR) Ak AR b sPedidtdnffoundSiliidio pitggest i ng
common nol ecul ar nmechani sns 1 eading to neuron or axon self-destruction.

These experi negeigstarcsrodegeoriabed andcarrepdrolingdaigaly, &x smyines TaBlednphehis
30Mbdel s CHS Neslijlgn arz}‘ tc()) rfabaf)ég,n ab[g%g,eegcegp?%ﬂa? Irt] further includes a column with comments

concerning observations made with respect to some of the compounds.

Table 5
Target Compounds Comments
Proteasome MG132
GSK3p SB 415286
GSK3p inhibitor I
GSK3B inhibitor VII
GSK3p inhibitor VIII
GSK3B inhibitor XII
Lithium Chloride

85



Three nodel s of neuron or axon degenerati on,

whi ch were i ntroduced above in

connection with descriptions of assays that can be used to identify and
char act erwpeo11/o3hiodi t ors of neuron or axon degener ati onpCagisd@sosished
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Studies were conducted to assess the activities of the inhibitors when added at

various time points after NGF withdrawal. In particular, experiments were carried out

to determine the latest time-point after the start NGF-deprivation at which candidate

kinases can be inhibited to stop axon degeneration.

Methods and Materials

10

Primary cells used in this study were Charles River CD-1 E13 Dorsal Root

Ganglia (DRG). The cells were maintained in N3/F12 (+ 25 ng/ml NGF) medium

(Ham’s F12 (23 ml), N3 supplement (1 ml), glucose (1 ml of 1 M glucose stock), 25
ng/ml Nerve Growth Factor 2.5 S, mouse (Roche 11362348001) in Ham’s F12 (stock:

50 pg/ml -80°C), filter-sterilized prior to use). The experiments also employed BD
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5 (I'nvitrogen). The spinal cord was dissected out fromthe enbryos with
DRGs attached. The spinal cords wth DRGs attached were placed into L15
medi um + E@2gozso®er um (G bco) on ice. The DRGs were reroTAR2(9/06359@
tungsten needl e and the remaining spinal cord was di sposed of Ei ght well
slides were filled wwth N3-F12 solution (23 m Hams F12, 1 m N3
supplenent, and 1 m 1 Mglucose) to which was 10 added 25 ng/m NGF

s made by m PR PHL U T BAPHG Eig LB LHEET IR G SP B0 61 81 88P: 5. 0
m Hank' s buf fgmeds. qadok,a@h@qlvwkqgggglﬁ‘éﬁ Ca, My free; Invitrogen), 1. 0 m

bovine serumal bumn (10 ng/nl in HBSS = 150 pm, 2.0 m Transferrin
(T1147-1G,  human, f@@brv@s/\mreﬂwsqqsgsnﬂin@dwm thejdigsegtiongoels wieressehladiin e

(S9133-1M5, 0. / 04 ut ine

di hydr ochl ori d@l/ erggarg%angs Y Vr‘ﬁrese% uﬂ@ééce 1@6‘6‘ dn%f ( ngar?iﬂs pﬁr glﬁlé)st erone
(P8783-5G 0. laﬁolﬁﬁbmn dlﬂl ﬁbs;ﬁhaltcerdey hand spimaft 08t dpise eRirfledihto DMEM+
corticosterone in absolute ethanol = 5.8 0.1

triiodot hyonl n]é’() EB& BH%QRQSMWCE%W the spinadpor an%swtlmedunmdw& 300

0.4 5 Im i
0 i 10 = 4. ThRAERar A AR R DG OE g2 B T Ry T 1
20C0). An N3 suSpﬁtmn&hDR@tsQe«pemllbmde fiaced andb pl ngumbeAftadhinent wgs 10 ni
Pen/ Strep (100

10 m gl utam 200
vitamns (100X%! Oﬁeﬁ)? loilﬁn‘r’ﬁes O%B?F’En%l?r‘]??arﬁga’ “@%ﬁ eggg‘)sé(ﬁé‘?/'é‘f“bafl\% ta total

vol une of ©0 @7°C-50&Tﬂ§hf<t111{eQ”oM@‘§m§ b&ﬁcﬁt’ioxﬁ%&é ﬁéeé%ﬂtebﬁh@ﬂhﬂm@rszés R@mhi | ter,
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i nhi bi t orw#&l2b11/050192 PCT/US2010/053596

inhibitors used in these studies are listed in Table 6.

Table 6
Anti-NGF Inhibitors (stock: 10 mM in DMSO)

Cell Body Axon

Target/Action Inhibitor ~ Concentration Compartment Compartment
1) GSK3 inhibitor SB415286 30 pM Yes (5) No (5)
2) EGFR kinase
inhibitor AGSSS 10 uM No (4) Yes (4)
3) p38 MAPK
inhibitor SB239063 30 pnM No (3) Yes (3)
4) CAMKK inhibitor STO-609 15uM No (1) Yes (1)
5) JNK inhibitor SP600125 10 uM Yes (1) Yes (1)
5 Example 4

Characterization of Compounds with Respect to Localized Degeneration

Campenot chambers were used to further analyze compounds identified as
inhibiting axon degeneration in Example 2. Campenot chambers allow the separation
of somal and axonal environments, and permit the induction of localized degeneration

10 (see Figure 12 and, e.g., Zweifel et al., Nat. Rev. Neurosci. 6(8):615-625, 2005). In
such chambers, axon degeneration is localized and proceeds without apoptosis
(Figures 13 and 14).

Materials and Methods

Teflon dividers (Tyler Research) were cleaned by washing in water and wiping
15  them clean of any residual grease. Dividers were then soaked in Nochromix (Godax
Laboratories)/sulfuric acid overnight, rinsed five times in distilled and autoclaved
water (SQ water), boiled for 30 minutes, and then air-dried before use.
Mouse laminin (5 pg/ml in sterile filtered water; Invitrogen) was added to
PDL coated 35 mm dishes (BD Biosciences) and they were incubated for 1 hour at
20 37°C, followed by two rinses in SQ water. The dishes were vacuum-dried and then
air-dried in a laminar flow hood for 15 minutes. Prepared dishes were then scored
with a pin rake (Tyler Research). Fifty microliters of NBM + MC solution containing
NGF was applied across the resulting score tracks (The solution was made as follows:
1750 mg of methycellulose was combined with 480 ml of Neurobasal (Invitrogen), to
25 which was added 4.5 ml penicillin/streptomycin, 7.5 ml L-glutamine, 10 ml B-27

serum-free supplement (Invitrogen); the solution was mixed for one hour at room
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temperature, overnight at 4°C, and one further hour at room temperature; the solution
was then filter sterilized, and 50 ng/ml NGF (Rochc) was added prior to use). High
vacuum grease (VWR) was added to each Teflon divider under a dissection scope.
The laminin coated PDL dishes were inverted and dropped onto the Teflon divider,
5  with additional pressure added by use of a toothpick in the non-track-containing
regions. Dishes were incubated for 1 hour at 37°C. Five hundred microliters of NBM
+ MC (50 ng/ml NGF) solution was added to each of the side compartments, and a
grease barrier was added in front of the center cell slot.
Free E13.5 spinal cords were dissected from mouse embryos and placed into
10 NBM + MC (25 ng/ml NGF) solution. DRGs were detached from the spinal cord
with a tungsten needle. An NBM + MC-lubricated P200 pipette was used to move
DRGs into a 1.5 ml tube. DRGs were pelleted with a tabletop centrifuge for 30
seconds. The supernate was discarded and 0.05% Trypsin/EDTA (cold) was added.
The pellet was resolubilized with a pipette and incubated at 37°C for 15 minutes with
15  constant agitation (650 RPM). The sample was again centrifuged and the supernate
discarded. The pellet was resuspended in warm NBM+MC (50 ng/ml NGF) solution
and triturated with a flamed glass pipette 20 times, followed by trituration with a fire-
bored glass pipette another 20 times. The samples were again centrifuged and the
resulting pellets were resuspended in 0.5 ml NBM + MC (50 ng/ml NGF) solution.
20 The cells were diluted to a final concentration of 2.5 x 10° cells/ml. The cell
suspensions were loaded into a 1 ml syringe with a 22 gauge needle. The center slot
of the Campenot divider was filled using the syringe (to a volume of at least 50 pl).
The Campenot chamber was incubated overnight at 37°C. 2.5 ml NGF + MC (50
ng/ml NGF) solution was added to the center compartment and the grease gate was
25 removed. The outer medium (cell body compartment) was replaced after three days
with 2.5 ml NBM + MC medium (with 25 ng/ml NGF). After five days in culturc,
one distal compartment was washed three times with warmed NBM + MC (no NGF)
solution. After the third wash, 500 ul NBM + MC (no NGF) solution was added to
the axon compartment in combination with either 0.5% DMSO or an inhibitor. The
30 cell body compartment was replaced with 2.5 ml NBM + MC medium (with 25 ng/ml
NGF) containing either 0.5% DMSO or inhibitor.
After 28 hours of anti-NGF antibody treatment, 8%PFA/30% sucrose solution
(see above) was added directly to the culture medium at a 1:1 dilution and incubated
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for 30 minutes. The Teflon divider was removed after the first 15 minutes of addition.
The system was washed once with 2.5 ml PBS prior to immunostaining. Neurons
were blocked in 5% BSA/0.2% triton in PBS for 30 minutes. The primary antibody
Tyj1 (Covance) was added to a final dilution of 1:1000 in PBS containing 2% BSA
and incubated overnight at 4°C. The dish was washed once with PBS. The secondary
antibody (Alexa 488 goat anti-mouse antibody (Invitrogen)) was added at a final
dilution of 1:200 in 2% BSA in PBS and incubated for one hour at room temperature.
The dish was washed twice with PBS, and a 22 x 22 mm coverslip (VWR) was added
with 350 pl of fluoromount G (Electron Microscopy Sciences). The neurons were
visualized by use of a fluorescence microscope.

Results

As described above, E13.5 DRGs were isolated and grown for 5 days in a
Campcnot chamber. Fifty pg/ml anti-NGF was added to the experimental axon
compartment, with an inhibitor added either to the axon compartment (together with
the NGF antibody), or the cell body compartment, and the axons were allowed to
degenerate for 28 hours. Another axon compartment was maintained in NGF as a
control. As shown in Figures 15 and 16, when cell bodies were exposed to SB415
(GSKi) or Act D (transcription inhibitor), or when axons were exposed to AGS555
(EGFR1) or SB239 (p38i), axons deprived of NGF did not degenerate. In contrast,
SB415 (GSKi) or Act D (transcription inhibitor) in the NGF-deprived axon
compartment, or AG555 (EGFR1) or SB239 (p38i) treatment in the cell body
compartment, failed to prevent degeneration, suggesting that signaling in local axon
degeneration is not limited to the axon segment being lost; some inhibitors are most
effective when applied to the cell body, and others to the axon. Quantification of
these results is shown in Figure 17. Table 7 provides a summary of axon degeneration

data from Campenot chambers.
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NKH 477 Parti al
Channel

Transcription Actinonycin D JNK SP600125 Bax Channel

Bax

(Note: 1Csp information in Table 7 is from published sources and some values were generated

with non-neuronal cell types)

5 a-Crossetal., J Newrochem. 77(1):94-102, 2001; total GSK-3 activity by in vitro peptide
assay in cerebellar granule neurons.

b —Fry et al,, Proc. Natl. Acad. Sci. U.S. 4. 95(20):12022-12027, 1998; heregulin induced
tyrosine phosphorylation in MDA-MB-453 cells.

¢ —Bose et al., Proc. Natl. Acad. Sci. U.S.A. 103(26):9773-9778, 2006; protein tyrosine

10 phosphorylation in 3T3-Her2 cells.
d — Barone et al., J. Pharmacol. Exp. Ther. 296(2):312-321, 2001; LPS-induced TNF-alpha
production in human monocytes.

e — Tokumitsu et al., J. Biol. Chem. 277(18):15813-15818, 2002; CaMKK activity after
ionomycin stimulation in transfected Hel .a cells.

15

A model based on data from the screens described above is shown in Figure

18. Preliminary studies showed that cell bodies appeared smaller when NGF was

removed from the axon compartment (Figure 19), and that many of the neurons

locally deprived of NGF were cleaved caspase-3-positive and showed nuclear

20 condensation (Figure 20). Further studies show that GSK3 (Figure 21) and JNK

(Figure 22) activities peak 6 hours after NGF withdrawal.
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Table 7
Inhibitors in Axon vs. Cell Body Compartment
. . Concentra-  Cell Body Axon Cellular
Target/Action Inhibitor tion Compartment Compartment ICsp
Transcription inhibitor  ActinomycinD 15 uM Yes (4) No (4)
Protein synthesis o
inhibitor Cycloheximide  5pM Yes (2) No (2)
Proteasome inhibitor MGI132 0.5 uM Yes (1) No (1)
GSK3 inhibitor SB415286 30 uM Yes (5) No (5) 10 pM?
)(218K3 inhibitor 30 uM Yes (2) No (2)
AR-A014418 20 uM Yes (1) No (1)
Th channel blocker ZD7288 5uM Yes (3) No (3)
ErbB kinase inhibitor ~ AGS555 10 uM No (4) Yes (4)
5 nM®
PD168393 5uM No (1) Yes (1) 100 nM®
p38 MAPK inhibitor SB239063 30 uM No (3) Yes (3) 0.35 uM*
5 uM No (1) Yes (1)
CAMKEK inhibitor STO-609 15 uM No () Yes (1) 3 uM®
Adenylyl cyclase Forskolin 3 uM Yes (2) Yes (2)
activator
JNK inhibitor SP600125 5 uM Yes (1) Yes (1)



Cycl ohexi m de Exanpl e 3 Characterization of Inhibitors with Respect to
Timng of Addition After Gowmh Factor Wthdrawal 5Studies were conducted
to assesswoOhlelzsviozi ties of the inhibitors when added arcrarscaus®sisvere
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fromthe spina co and sectioned into halves wth a tungsten™needle. 8
wel | slides weCanfpenbt cérelnﬂmrtdssa&&lasqmbed\md%ZA(lﬂ@e mghbér Mekgns wibect i oned DRGs

(-4 per well) were.placed n vol une. tac aIIo for -10
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P
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Pi ctures were Huaklﬁrrolalok“GSK3theﬂﬁaalmb6@tdppéug§to(Ue Bore sKPRSMI(BighteD5y) . The

rate of degener ation was assessed based on detachnent of axons from cell
bodi es as wel |Addtigeng|ly,protection of axons after global NGF withdrawal appears to be

independent of the role of GSK in neuronal death since the GSK inhibitor blocked
axon degeneration but did not block cell death (Figure 26).
25

Example 6

Protection Against Peripheral Neuropathy in Patients

Tarceva® (erlotinib) is an EGFR kinase inhibitor. Treatment of patients with
paclitaxel and other chemotherapeutic agents is known to lead to peripheral
30  neuropathy (reviewed in Wilkes, Semin. Oncol. Nurs. 23(3):162-173, 2007). Patients
treated with a combination of Tarceva® and paclitaxel showed significantly less
peripheral neuropathy (p=0.012; Fisher’s exact), as compared to a placebo + paclitaxel
group (16.3% vs. 26.4% of patients; first 400 patients enrolled; analysis of common
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30These studies show that the inhibitors are protective even when added
several hours (3, 6, 9, and 12 hours) after NG withdrawal (Figure 11).
Axon scorwoizstizssmer e of axon health on a scale from 1 PoTAB2¢10/0535h©0kKS
i ke anti-NG- control; 10 = | ooks like NG control; 5 = 1ooks |ike kinase
i nhi bitor when added at O hours. The inhibitors used in these studies are
listed in Table 6. Table 6 Anti-NG- Inhibitors (stock: 10 mMin DMSO)
Target/ Action Inhibitor,Concentration Cell Body Conpartnment Axon
Compart ment 1) EREY R b tor | 2) EGER Kinase inhibitor 3) p3g MAPK
i nhi bitor 4) CAMKK inhibitor 5) JNK inhibitor SB415286 AG555 SB239063
STO 609 SP600125 30 p, M 10 pM 30i utM 15 pM 10 pM Yes (5) No (4) No (3)
Example 7

Analysis of EGFR Kinase Levels in an Amyotrophic Lateral Sclerosis (ALS)
5 Model

Amyotrophic lateral sclerosis (“ALS”) is a severely debilitating and fatal
neurodegenerative disease, the pathology of which is characterized by loss of motor
neurons. Similar pathology occurs in mouse models of ALS containing mutations in
the Superoxide Dismutase (“SOD”) gene (SOD(G93A)). Phosphorylation of the EGF

10 receptor is associated with axonal degeneration. EGFR levels are altered in
SOD(G93A) mice, and an experiment was performed to determine whether
phosphorylated EGFR levels are also altered in SOD(G93A) mice.

Spinal cords from terminal SOD(G93A) and non-transgenic littermates were
cryosectioned (20 um thick) onto slides and stored at —80°C. Slides were thawed to

15 room temperature and hydrated in PBS twice for 5 minutes per rinse. Slides were
blocked in hydrogen peroxide (0.3% in PBS) for 5 minutes, and then were rinsed
twice in PBS for 5 minutes per rinse. Slides were washed twice in PBS-T (PBS
containing 0.1% Triton X100) for 10 minutes per wash. Slides were blocked in PBS
containing 5% BSA and 0.3% Triton X100 for about 1 hour at room temperature. A

20 rabbit monoclonal anti-phosphorylated EGFR primary antibody (Novus Biologicals)
was diluted 1:500 in 1% BSA and 0.3% Triton X100 in PBS and incubated with the
slides overnight at 4°C. The slides were washed four times in PBS-T for 10 minutes
per wash. A biotinylated goat anti-rabbit secondary antibody (Vector Labs) was
diluted 1:300 in 1% BSA and 0.3% Triton X100 in PBS and incubated with the slides

25  for 30 minutes - 1 hour. The slides were washed four times in PBS-T for 5 minutes
per wash. Washed slides were incubated in Avidin-biotin complex solution (Vector
Laboratories) for 30 minutes at room temperature. The slides were washed four times
in PBS-T for 5 minutes per wash. The slides were then incubated with a peroxidase
substrate (Diaminobenzidine (DAB); Sigma) until the desired intensity developed.

30 The slides were rinsed in water, coverslipped, and viewed.

As shown in Figures 27 and 28, which show sections of spinal cord stained
with EGFR antibodies, phosphorylated EGFR levels were increased in the SOD mice,
as compared to the control mice. This observation shows that EGFR kinase inhibition

93



No (1) Yes (1) No (5) Yes (4) Yes (3) Yes (1) Yes (1) 5Exanple 4
Characterization of Conpounds with Respect to Localized Degeneration
Canpenot wbanherssidere used to further anal yze conpoundecCirdsedaiofsisds as

i nhi biting axon degeneration in Exanple 2. Canpenot chanbers allow the
separation of somal and axonal environnents, and permt the induction of

| ocal i zed degeneration 10(see Figure 12 and, e.g., Zweifel et al., Nat.

Rev. Neurosci._ 6 : 615-.625 005). .| ch .chanbers, axon degeneration is
| ocal i zed and IB?%@%bee&ggW%tlﬂgﬁt%re B%Jeﬁf 8€@§§(I¥Ylﬁﬁr es 13 and 14). Materials and

Met hods Tefl on di vilggimohiftobimibie seales B SOPN asheaRER Ry chaRALNg difdeyat er
and wi ping 15 themclean of any residual grease. D viders were then soaked

in Nochrom x (@835 metiorees fqnenerater) guthin Vé&i@lﬁv@dgb@mélyfﬂawéfd 264 e
i in disti | S t ar ), boi . . i-nut es,
times in distihlef Af-aHpR8RYEH MRk Qﬁ?@&% Fo P | F Rl LS i PpRrRut €2

and then air- ore use. am fi n Ffered

wat er; | nvid r cgesym waspeaddedAhtbddpblakigeths 3arrigtnod 5HES ol aBicdsCi ences)
and they were incubated for 1 hour rinses in SQ

at 20 37C, followed by two
water. The di sFBECTHMFEVREHN dif BdndBy: (1rene ESAlaép%aﬂgPﬁsaH-émlda% flow
hood for 15 mi-fyj eSm Ranat alutis\§an N@M@ﬁﬁg&%&%@% hityod iRk, résg&,ﬁl S

(Tyl er Research). Fifty mcroliters o sol ut1©on containin
appl i ed acr os.3%d xrie PBStINEdmeos; ditlipack $:20THEMEG| (mbiien Coreiceipldt) 025

foll ows: 1750 f methycell yl ose was conbined with 480. m of r obasal
(1 nvitrogen), %Eg’pg‘?\k%ﬁr%wx%ﬁg aﬂ%rd’éﬂnaﬁy %ntfhoggg‘ﬁ}‘latlf’f’fﬁ(/@tm’é‘ﬁfeé X7.5 m
L-gl utam n@, 10.19) aBrodsh SahahkE, €RcSHARY ﬁﬁ%ﬂ&iei%&%!a}o%l%?ﬂ@dlechﬁ?l’ﬁ)%éﬂt' on
was mi xed for one hour at room tenperature, overnight at 4C and one

further hour atlexpemugairgcdPenkay enti-Muase dleyaiddh diatedtln®g inil Ve BSASL (T zed,
and 50 ng/m ? 41 [i9r,10 e%). H gh vacuym gr ease (VWR)
was added to E%’ E(S grf S%}r{lp gé?s,\l] G?el(rijl(ag)r%1 Pg {fgrzaz (i)usrés%cr PBAg eé%lér.e' $ﬁ%]g {621?%""?% n
coated PDL di shebedwftee sicondiry atibadgindnlimpad xONt@intke inMBB$ DY afld ¥ixder, 5wi th
addi ti onal pressure _added by use of a toothpick in the non-track-containing
minutes PBS. Optionally, nuclear counterstaining was carried out during the second
15 wash by application of DAPI at 1:10,000 in PBS. Mounting was carried out with
Vectashield mounting medium (Vector Labs).
Figure 29 shows pEGFR remaining in axons in the SOD ALS model. As
shown in the figure, axon number decreases in SOD | -tg spinal cord, and pEGFR
partially co-localizes with axons in SOD1-tg animals. Thus, axons are lost in SOD1
20 transgenic mice as compared to non-transgenic controls, and many of the remaining

exons are immunoreactive for pEGFR.

Example 8

Protection of Cerebellar Granule Neurons from Serum Deprivation/KCl

25 Reduction-Induced Degeneration

Kinase inhibitors (inhibitors of GSK3, JNK, EGFR, p38, and CaMKK) were

tested for their capacity to protect cultured cerebellar granule neurons (CGNs)
following serum deprivation/KCl reduction. Briefly, CGNs isolated from P7 mouse
brain were cultured on PDL- and laminin-coated 96-well tissue culture dishes in

30 medium containing serum and potassium (Basal Medium Eagles including 29 mM
KCI and 10% FBS) at 37°C. After 24 hours in culture, cells were switched to
“deprivation” medium (Basal Medium Eagles including 5 mM KCJ), alone or in
combination with various small molecule inhibitors as shown in Table 8. After a
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WD 2011/ 050192 Table 7 PCT/ US2010/ 053596 I nhibitors in Axon vs. Cell
Body Conpart nent Concentra- Target/Actionlnhibitor tion Cell Body
Conpar t mewo 20kaso@enpar t ment Cel lul ar | Cso Transcri pti oRrCrrisedmionsssodr ot ei n
synt hesi s inhibitor Proteasone inhibitor GSK3 inhibitor I'h channel bl ocker
Er bB ki nase inhibitor p38 MAPK inhi bitor CAMKK inhibitor Adenylyl cyclase
activator INK inhibitor

degeneration. The assay was performed as follows. First, hippocampal neurons were
dissected. Briefly, E18-E19 embryos were removed from anesthetized pregnant rats,
placed in Petri dishes containing cold HBSS (see above), and washed in fresh, cold
HBSS. Embryos were removed from their sacs and placed in fresh, cold HBSS, and
5  the brains were isolated and placed in fresh, cold HBSS using standard techniques.
The hippocampus and cortex were isolated from each embryo, and the brains were cut
sagitally in half to separate the hemispheres. Remaining cerebellum/brain stem,
olfactory bulbs, non-cortex ventral underlying tissue, and the meninges were removed.
The hippocampi were removed from the remaining tissue and transferred to a 1.5 ml
10 tube onice. The cortical tissues were removed to a separate 1.5 ml tube on ice. As
much HBSS as possible was removed, and 1% Trypsin (Hyclone)/0.1% DNase
(Sigma) in HBSS was added to the remaining tissue in each tube. The tissues were
each broken up using a fire-polished pipette. The tissues were incubated for ten
minutes at 37°C, with tapping of the tubes every two minutes. As much solution as
15  possible was removed from the tissues, and the tissues were each washed with 0.05%
DNase (Sigma) solution. The samples were triturated in 0.05% DNase (Sigma) about
20X with each of the following (1) fire polished pipette at 2/3 bore, and (2) fire
polished pipette at 1/3 bore. The samples were permitted to settle for five minutes,
after which the supernatants were collected (the debris settled and the supernatant was
20 removed with a pipette) and the cells were counted on a hemocytometer.
Nucleofection was performed on the isolated hippocampal ncurons. Briefly,
the desired number of cells (0.5-1x10° cells per nucleofection) were isolated by
centrifugation. As much of the supernatant solution as possible was removed and the
pelleted cells from each tube were re-suspended in 20 pl room temperature
25 nucleofection solution (Amaxa). Each resuspension was added to pre-aliquoted J3-
actin — GFP “pCAGGS-AFP”DNA (400 ng per run) and tapped gently. The mixtures
were transferred to nucleocuvette wells of a 96 well shuttle plate, and the plate was
inserted into the nucleofector device. Neurons were nucleofected using a preset
Amaxa program, CU110. Immediately following nucleofection, 100 pl pre-warmed
30 CNBM (10 ml B27 (serum-free supplement; Invitrogen), 5 mls 100X Pen-Strep, 5 mls
100X Glutamax, 480 mls NBM (neurobasal medium; Invitrogen)) was added, and the
cells were subsequently plated at a density of 70,000 cells/well in 8-well PDL-coatced
chamber slides. Neurons were grown for 5-14 days before rotenone addition, with

96



Actinonycin D Cycl ohexi m de M5132 SB415286 GSK3 inhibitor XI AR-A014418
ZD7288 AGh55 PD168393 SB239063 STO 609 Forskol in SP600125 15 pM5 p.M 0.5
tIM30 gwBQopMseB2. IM5 pM10 tiM5 p.M30 pM5 pM 15 pirasphossisaM Yes
(4) Yes (2) Yes (1) Yes (5) Yes (2) Yes (1) Yes (3) No (4)

changes of medium every 3-5 days.

Ten pM rotenone (resuspended in DMSO; VWR) was added to neurons in the
presence or absence of vehicle or experimental compounds. 17-18 hours after
rotenone addition, neurons were fixed in a solution of 4% paraformaldehyde/15%

5  sucrose for 40 minutes at room temperature. Neurons were washed once with PBS
and mousc anti-Tujl antibody (Covance) was added at a dilution of 1:1000 (in PBS,
0.1% Triton X-100, 2% goat serum) for an overnight incubation at 4°C. Neurons
were washed 4X with PBS and goat anti-mouse antibody conjugated to Alexa-568
(Alexa) was added at a dilution of 1:200 (in PBS, 2% goat serum) for 30 minutes.

10 Neurons were again washed 4X with PBS and mounted on slides in Vectashield
mounting medium (Vector Labs). All neurons were visualized with Tujl, and
individual neurons were visualized with GFP.

As shown in Figure 31, the kinase inhibitors were found to protect
hippocampal neurons from rotenone-dependent degeneration. Similar studies were

15  carried out with cortical neurons, and showed that cortical neurons are also protected

from rotenone-dependent degeneration by kinase inhibitors (Figure 32).

Example 10

Visualization of ErbB Receptor on Axons

20 To visualize ErbB receptor expression on axons, DRGs were cultured as
described above for the screen. After 24 hours of growth, cells were fixed by adding
8%PFA/30% sucrose to culture medium at a 1:1 ratio for 30 minutes and washed 1x
with PBS. Fixed cells were incubated in 5% BSA and 0.2% TritonX100 in PBS for
30 minutes, and then incubated overnight in 2% BSA in PBS at 4°C with the

25  following antibodies: (1) 50 pg/ml anti-EGFR (D1-5, Genentech), (2) 1:500 anti-
ErbB2 (Abcam), (3) 24 pg/ml anti-ErbB3 (57.88, Genentech), and (4) 1:500 ErbB4
(Abcam). Cells were washed 1x with PBS, followed by incubation with a
fluorescently conjugated secondary antibody (1:200, Invitrogen) at room temperature
for 30 minutes, washed 1x with PBS containing Hoechst 33258 (1 pg/ml, Invitrogen),

30 followed by a final PBS wash, and coverslipped with 250 ul of Fluoromount G
(Electron Microscopy Sciences). As shown in Figure 33, ErbBs are detected on axons

by immunocytochemistry.
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Example 11
Characterization of EGFR Expressed on Axons by Use of EGFR Ligands

Experiments were carried out to assess the effects of activation of EGFR by
5 ligands, including EGF.
Materials and Methods

Dorsal Root Ganglia (DRG) immunoblots were prepared as follows. Primary
cells used in the experiments were Charles River CD-1 E13 Dorsal Root Ganglia
(DRG). The cells were maintained in N3/F12 (+ 25 ng/ml NGF) medium (Ham’s F12

10 (23 ml), N3 supplement (1 ml), glucose (1 ml of 1 M glucose stock), 25 ng/ml Nerve
Growth Factor 2.5 S, mouse (Roche 11362348001) in Ham’s F12 (stock: 50 pg/mt -
80°C), which was filter-sterilized prior to use). The experiments also employed Triton
lysis buffer (20 mM Tris pH 7.5, 150 mM NaCl, 0.1% Triton-X100, 100x
Phosphatase inhibitor cocktail I (added fresh), 100x Phosphatase inhibitor cocktail II

15 (added fresh), 1 tablet/10 ml Protease inhibitor tablet (added fresh)).

DRG explants were prepared on Day 0. Embryo dissections were carried out
in L15 medium (dissection tools were soaked in 70% isopropanol, and dishes were set
up on ice: 10 cm dishes (4 embryos per dish) and one 6 ¢cm dish for spinal cords).
E13.5 spinal cords were extracted into DMEM + 10% FBS. 5x 20 DRGs were

20  detached from the spinal cord. 8 well slides were filled with 250 pul N3/F12 (25 ng/ml
NGF) + 7 pM cytosine arabinoside. Approximately 20 DRGs were placed in each
well (five total), and attachment was allowed for about 10 minutes at room
temperature. On day 2, media was changed to N3/F12 + 25 ng/ml NGF. On day 3,
ErbB ligands were added (1000x; 100 pg/ml; dilute in SQ water 1:10) for 30 minutes

25  to I hour (SQ water (control); EGF (ErbB1); Neuregulin-1 (ErbB3); Beta-cellulin
(ErbB1/4); Epiregulin (ErbB1/4); Anti-NGF (25 ug/ml)) and slides were shaken
slightly.

Immunobloting was carried out by aspiration of media with a pipette tip,
washing twice with ice-cold sterile PBS, and removal of all PBS using an aspirator

30  with a pipette tip or kimwipes. Cells were lysed with 40 ul Triton lysis buffer on ice.
Lysate was collected, rotated for 30 minutes at 4°C, spun for 5 minutes at top speed,
and supernatant was kept (stop: -80°C). About 20 pl of sample was loaded. The
sample was prepared by adding 1x SDS sample buffer and NuPAGE reducing agent
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(Note: 1050 information in Table 7 is from published sources and sone

val ues were generated wth non-neuronal cell types) 5a - Cross et al., J.
Neur ocherwO2é(12050®4- 102, 2001; total GSK-3 activity by iPoTMiS2e10/0835p4 | de
assay in cerebellar granule neurons. b - Fry et al., Proc. Natl. Acad. Sci.
U S. A 95(20):12022-12027, 1998; heregulin induced tyrosine phosphorylation
i n VDA- MB-453 cel | s. c - Bose et al., Proc. Natl. Acad. Sci. USA.
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20 The goal of these experiments was to see if activation of EGFR by EGF would
be sufficient to drive degeneration. As shown in Figure 34, EGFR is expressed on
axons. Figure 35 shows that EGF added to neurons maintained in NGF does not
cause degeneration. To ensure that EGF is capable of activating EGFR/ErbBs in the
neuronal cultures used in these assays, ERK activation was assessed (ERK is a

25  downstream target of EGFR). As shown in the graph in Figure 35, adding EGF
increased ERK activity, as determined by Western blot. These data show that

activating EGFR is not sufficient to drive degeneration.

Example 12
30 Characterization of EGFR Expressed on Axons by Use of EGFR Ectodomains

Experiments were carried out to assess the effects of EGFR ectodomains on

activation of EGFR.
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with primary antibodies (Tuj1 (1:1,000)) overnight in 2% BSA. Slides were washed
with PBS once and secondary antibody (Goat anti-mouse 488; 1:200) was added.

Slides were incubated for 1 hour at room temperature, washed 2x with PBS,
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may be beneficial in the treatment of ALS in vivo.
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ant i bodi es ove(:roglfxréj"rwp]egt&@?%bﬁﬂ?%ﬁ?loﬁﬁig&a’f@gﬁ%%ﬁg%d({mw (mouse, M I Ilipore)
1: 200; SM 32 (nmouseRes@pvance) 1:300)). Sanples were washed after primary
anti body incubation 4 _x .10 m nutes in PBSTx (0.1% at roomtenperature.

X 10 .
Secondary anti bodi &8 aggiien diph.dbere wnsmesy ligands b ean ackivaig £ Ednj Ingssted;
Donkey ant | - Myl 488idH duthE ectn S0 8 1A ERAendnBHCPR dofhBfigh and
sanpl es were i ncubéte %r %1 hoﬁlr sga%g]epoon?tle Per at ?%. nsgﬁ}p?&eég%&ggg washed
af t er secoridarfyoraR&IDSgsternnearrakiedat 2xoxceb@rativmeft dqig/ml, RBERshoddde2 x 10
m nut es PBS. ional Iy, -nuclear counterstai.nin s. carrjed out during the
second 15wash l%?sﬁfqléa(ﬂw Tt e t%ttm?‘?:afﬂf’ﬁﬁg(}}ﬁ% ﬂ%g d@g{ﬁﬁt‘? §&ifas
carried out widdRed8tHershh&IrdpriRustdrAgmEEdi um (Vector Labs). Figure 29
shows pEGFR remaining in axons in the SOD ALS nodel. As shown in the
figure, axon ramgéimedsaddag enli-NUTSOBB-notblogh degeneratiah, ThissugEeRR@R ti al |y
co-localizes wth axons in SODL-t i;mals.. . Thus, ;axons are lost in SOD1 20
transgenic m cag{“éasfl%{:l%rl%%ré% %?fé %'%1%]061%?11;%{@6%%-189%38% P51 s, and many of the
remai ni ng @Xxons are i munoreactive for pEGFR Exanple 8
Protection of Cerebellar G anul e Neurons from Serum Deprivati on/ KCl
25Reduct i on- | nducedX@@gknler at i on Ki nase inhibitors (inhibitors of
GSK3, INK, EGFR, p W@ ! ARAG - prot ect
cul tured cerebell argl%gerdgﬁglls neurrgK‘gg?)Cé&c@?gan?%\?\ﬁt Iﬂgdeggir;um e ér/qe\}/ag]to ?’on/ KC1
reducti on. Bri PSCy gro8GNs aksol cvtedpdriodmif Bayspiousethby @k nowesoamed withtiieed on PDL-

and | am nin-coated 96-wel] tissue cultfure dishes in 30 nedi um contajning
serum and pot af’glgi“ﬁ%o?%égﬁ Vat\%ﬁ?ﬁﬁl?eﬁé“df1§¥eqt%ﬁsyﬁﬂg%r% WR@T 3 ’&“T&’Z? FBS)
at 37C. Afftser Bdei@@iBribitthis)tah WERy tHEldenddRIR f?é{grluﬁ.hed to "deprivation”
medi um ( Basal Medi um Eagl es i ncl udi ng § nmv KC1), al one or in conbination
with various small nolecule inhibitors as shown in Table 8. After a WO

2011/ 050192PCT/ US2 96 further 24 hours in culture, the neurons were
fixed with 4% par a%%ng‘%(ﬁhyde and stained with a neuronal marker

(anti-class |11 O- RubmhibitionGdWVanaCkducink FagiRr-BeainoHihason was performed using
t he I mageXpress autgmated inmagi ng system (Ml ecul ar Devices). The plate
set-up used is sum@éﬁﬁi@&-@n&%&é’r a 8. 5 Table 8

20 DLK Transfection in 293 cell line

293 cells were plated at 30% confluence into 3 wells of a 6-well plate. Cells
were transfected with either control plasmid DNA, a DNA construct expressing wild
type DLK, or two plasmids, with one expressing wild type DLK and the other
expressing a DLK in which threonine 277 has been mutated to alanine (T278A),

25  creating a form of the protein without activity (I'ugene 6, Roche). Twenty-four hours
after transfection, cells were washed with PBS, scraped off each plate, and transferred
to an eppendorf tube. Cells were then spun down and excess media was removed.
Pelleted cells were lysed in 20 mM Tris, 150 mM NaCl, 0.1% Triton X-100, and
placed at 4°C for 30 minutes. Samples were then spun to remove insoluble particles

30  and tested for protein concentration in a bicinchoninic acid (BCA) assay (Promega).

Samples were run on a 10% polyacrylamide gel (Invitrogen) and transferred
using an iBlot device (Invitrogen) according to the manufacturer’s specifications.
Blots were blocked for 1 hour in TBST (Tris-buffered saline + 1% Tween 20) with
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123 456 789 101112 A Positive Control (29KCl+serum) 5 nmM KCl+ 1 i_tM EGFR
ki nase inhibitor Positive Control (29 mM KCl+ serum) 5 nM KCl+ | uM EGFR

ki nase i mwokntiasoB2Negati ve Control (5 mM KCl) 5 nmM KC1PCIW@SRaIMOESRPR ki nase
I nhi bitor Negative Control (5 mMKCl) 5 nM KCl+ 10 AM EGFR ki nase i nhi bi tor
CD5 mMMKCL+ 5 JAMINK inhibitor 5 nM KC1 + 30 JAM EGFR ki nase i nhi bitor

5% bovine serum albumin (BSA). Afier blocking, blots were incubated overnight in
primary antibodies directed against JNK (Cell Signaling Tcchnologies) or the
phosphorylated form of JNK (Cell Signaling Technologies) in TBST + 1% BSA.
After incubation, blots were washed 3 times in TBST and then incubated with HRP-

5  conjugated anti-rabbit secondary antibodies for 1 hour at room temperature. Blots
were once again washed three times and then incubated with ECL (Promega) for 1
minute. Blots were then exposed on film and analyzed.

Degeneration in DRGs after DLK siRNA

Mouse E13.5 embryos were dissected and placed into .15 medium

10 (Invitrogen). The spinal cord was dissected out from the embryos with DRGs
attached. The spinal cords with DRGs attached were placed into L15 medium + 5%
goat serum (Gibco) on ice. The DRGs were removed using a tungsten needle and the
remaining spinal cord was disposed. Eight-well slides were filled with N3-F12
solution (23 ml of Ham’s F12, 1 ml of N3 supplement, and 1 ml of 1 M glucose) to

15 which was added 25 ng/ml NGF (Roche). (N3 supplement was made by dilution of
N3 100X concentrate, which was made by mixing the following ingredients, in the
following order: 5.0 ml Hank’s buffered saline solution (HBSS; Ca, Mg free;
Invitrogen), 1.0 ml bovine serum albumin (10 mg/ml in HBSS = 150 pum), 2.0 ml
Transferrin (T1147-1G, human, 100 mg/ml in HBSS = 1.1 mM), 1.0 ml sodium

20 selenite (S9133-1MG, 0.01 mg/ml in HBSS = 58 uM), 0.4 ml putrescine
dihydrochloride (P5780-5G, 80 mg/mi in HBSS = 500 mM), 0.2 ml progesterone
(P8783-5@G, 0.125 mg/ml in absolute ethanol = 400 uM), 0.02 ml corticosterone
(C2505-500MG@, 2 mg/ml in absolute ethanol = 5.8 mM), 0.1 ml triiodothyonine,
sodium salt (T6397-100MG, 0.2 mg/ml in 0.01 N NaOH = 300 uM), 0.4 ml insulin

25 (16634-250MG, bovine pancreas, 241 U/mg, 25 mg/ml in 20 mM HCI = 4.4 mM), for
a total volume of 10.02 ml (can be stored at —20°C)). An N3 supplement stock was
made by combining the following: 10 ml Pen/Strep (100X, Gibco), 10 ml glutamine
(200 mM, Gibco), 10 ml MEM vitamins (100X, Gibco), 10 ml N3 concentrate (100X,
see above), for a total volume of 40 ml. The mixture was filter sterilized using a 0.22

30  pm filter, and 1-2 ml aliquots were stored at —20°C.

Neurons were trypsinized using 0.05% trypsin-EDTA (Gibco) at 37°C for 30
minutes, spun down and counted. Two hundred thousand cells were electroporated
using an Amaxa 96-well nucleofector with 400 ng control of DLK siRNA (program
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AMINK inhibitor 5 MM KC1l+ 5 FM p38 inhibitor 5 mM KCl + 10 pM JNK

nhi bi t orwd 20iids@®2 5 RM p38 inhibitor E 5 nM KC1+ 20 t EriusEoionkishé t or 5
mM KCl + 10 pM p38 inhibitor 5 mM KCl+ 20 j.tMINK inhibitor 5 mM KCl+ 10
RM p38 inhibitor F5 mMMKC + 5 ttM CAMKK i nhibitor 5 mM KC1+ 30 uM p38
inhibitor 5 MM KC1+ 5 uM CAMKK i nhibitor 5 mM KC1+ 3011M p38 inhibitor G5
mM KCL + 15 ti M CAMKK i nhibitor 5 mM KCl1+ 1011M GSK3 jnhibitor 5 mv KCl1
151. 1M CAMKK iR{ii08). thsn splitggurdbnanta tryo weilsadies 8-hambeg tide (BD Biocoat |

PDI./Laminin coated glass, Becton Dickinson). Neurons were permitted to attach to

S5 MM KC1+ 5 [tMJNK inhibitor 5 M KC1+ 30 p. M EG-R inhibitor 5 mMV KCl+ 10
[
[

the slide at room temperature for 5-10 minutes, followed by incubation for 3 days at
37°C. The anti-NGF antibodies were then added to the right half of the slide (4 wells)
5  ataconcentration of 25 pg/ml. After incubation for 20 hours at 37°C, the slides were
fixed with 30% sucrose/8% paraformaldehyde (PFA) by adding 250 nl of the fix
solution directly to the 250 ul of culture medium. (To make the 30% sucrose/8% PFA
solution, the following ingredients were added to a 600 ml beaker including a stir bar:
250 ml 16% PFA (cat# 15710-S, Electron Microscopy Sciences), 50 ml 10X PBS pH
10 7.4, and 150 g sucrose. The solution was mixed under low heat until dissolved. Then
6-8 drops of 1 M NaOH were added to bring the pH to 7.4. The volume was then
brought to 500 ml with water in graduated cylinder. The solution was mixed well,
placed in aliquots, and frozen).
The slides were fixed for 30 minutes, followed by washing three times with
15 PBS. All cells were labeled with a neuron specific B-tubulin antibody (Tuj1 (1:1000)
in 2% BSA, 0.1% Triton) at 4°C overnight. The primary antibody was removed and
the slides were washed three times with PBS. Slides were incubated with goat Alexa
488 anti-rabbit secondary antibody (1:500) for one hour followed by three washes in
PBS, and then coverslipped with 130 ul of mounting medium (Fluoromount G;
20 Electron Microscopy Sciences) and 24 x 60 mm No. 1 coverslips (VWR).
Quantitative PCR (qPCR) for DLK
E13.5 DRGs were dissected, electroporated with control siRNAs or siRNAs
directed against DLK, and cultured as described above for a period of five days. RNA
from neurons was then isolated using Purify Total RNA by Qiagen RNeasy Mini kit,
25 according to the manufacturer’s protocols. 10 ng of total RNA from cells treated with
control and DLK siRNAs were run in triplicate in quantitative PCR experiments
(Qiagen Quantifect SYBR Green RT-PCR) using DNA primers specific for DLK and
GAPDH (control) (CATCATCTGGGTGTGGGAAG (forward primer) and
AGTTGCAGCATGAGGGCATTC (reverse primer); SEQ ID NOs: 16 and 17).
30 Amplification curves were analyzed and relative RNA concentrations of each sample

were calculated relative to controls.
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5 mM KCl + 3011M CAMKK inhibitor 5 mM KCl+ 301.1 M GSK3 i nhibitor 5 nM KC1+
30 I'tM CAMKK inhibitor 5 mM KCl + 301AM GSK3 inhibitor JNK inhibitor =
SP600125 wWOCAMKiIsoi9ahi bi tor = STO 609 EGFR i nhi bitor = AGCHAS208853504i bi t or
= SB 239063 GSK3 inhibitor = SB 415286 Colums 1-6: cell density = 5 Xx
104/ wel | 15Col ums 7-12: cell density = 2.5 x 104/ wel | As shown in
Figure 30, the kinase inhibitors were found to be effective at protecting
the CGNs from degeneration, simlar to the findings in Exanples 2 and 3 for
DRGs. 20 Exanpl e 92&¢8%#y ot ection of H ppocanpal Neurons from

Rot enone- I nduced DegeRsLd éQfese Klisfnts i Hobis FlauRiLi tighger! GSK3, INK,
EGFR, p38, and CaMKK) were tested for their capacity to protect hippocanpal
neurons from riengpdive-of dpkeadismith aiggmnéd eatodong. wikhiepabsKyrendisd pethe or med as
follows. First, hi anpal neurons e, di.ssec Briefl E18-E19
enbryos ver e PERBVBRTTPERTAAEEHETTL IR SHiyRERR! Plxah kiadipsiinat

di shes contai TNRUinGQighalilBSRséa8e e CahemsibetioAt a WS heHerchdihs 8 kihase@dad HBSS.
Enbryos were renoved fromtheir sacs and ‘leéaced in fresh, cold HBSS, and

5t he brai ns weMeK reslgeagitbeileselsl opINis ebosphotylatigh, KaerdkdowBsEDLKi egrestiemyiar d
techniques. T j ] re_l from. h e o, and
the brai s wertleNranal By SR b e Ra el RO Bk Ry of ST BR FIPN

Remai ni ng cer eloehbttoamiisdsa ISKem exdefiaehgnyink dlinged Naforsarah esctyd®with al
underlying tis nd t he neninges were renoved. The hi ppocanpi _were
renoved from ﬁﬁﬁ\?% ctidiigaipst (hrgmicegh §pppsiganpiscigd :wng cAntral GiRKAS on
ice. The qartigaliskli MELGink &0, RAT ; on ice. As
much HBSS gs 6%2%?1%%1‘2&]@? Cr em)l\?er%, a%gw{:f&s P g%sl?tn&%&ﬁﬁlgﬂgk ?%N?'E’%A) DNase
(Sigma) in HBS8thdessvahaheshatived hyel vl stainimigr(fignres S8and B0)e dic borttraktein nBmnt i ssues

h brok i fire-polish i pette, The tissues re
o ebated or esefed TR SRR SRR DR, RE el sispanrel Joto
mnutes. As MGF sahdthivan I@HcURRASSIRIIE cXRsssIBMRURS: &xpefhthte wab ssues, and

the tissues were_ each washed with 0.05% )
confirmed using quantitative PCR with primers specific to DLK.

15
B. DLK Knockdown Protects Against Toxin-Induced Neuronal Cell Death

Experiments were performed to assess whether the above-observed protective
effect of DLK inhibition is more generally protective against axon
degeneration/neuronal apoptosis caused by other insults, such as toxin exposure.

20 Isolated neurons were exposed to vincristine, a mitotic inhibitor, in the presence or
absence of siRNA specific for DLK.

Cortical neurons were isolated using the following procedurc. Rat E18
cortices devoid of meninges were dissected into ice-cold neurobasal media
(Invitrogen). Cortices were dissociated in a final concentration of 0.1% trypsin/PBS

25  (Worthington) for 30 minutes at 37°C. A final concentration of 0.1% DNase (Roche)
was added to the tube and tissue was incubated at room temperature for 1 minute.
Tissue was washed once with warm neurobasal media and the tissue was allowed to
settle in the tube before 1 mL of neurobasal media containing 2% B27
supplement (Invitrogen) was added. Tissue was dissociated by trituration with a

30 P1000 pipet (Rainin). The cells were counted and, for some experiments, transfected
with siRNAs using a Biosystem 96-well nucleofector (Amaxa).

Cells were plated in 6- or 8-well chambers or 96-well poly-D-lysine coated
dishes (BD Biosciences) at plated cell densitites of 2 x 10° cells/well, 1.25 - 2 x 10°
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DNase (Sigma) solution. The sanples were triturated in 0.05% DNase (Sigm)
about 20X with each of the following (1) fire polished pipette at 2/3 bore,
and (2) fwoeopalsiwhed pi pette at 1/3 bore. The sanpl es weraspaonsished to
settle for five mnutes, after which the supernatants were collected (the
debris settled and the supernatant was 20 renoved with a pipette) and the
cells were counted on a henmpcytonmeter. Nucl eofection was perforrred on the

i sol at ed hi ppoc iefly, the desired nunber

(0 5 1x106 boreloReD dhict BDpaurveh et b B 3RO spetants fagher Brt as
nuch of the supRiviat aate c%ﬁ'd'ééth%nﬁa‘ﬂy&@s%%ia@d&mﬂ@tﬁe EEE&B@%%@H%&Q@) pel I et ed
cells fromeach tube were re-suspended in 20 ttl roomtenperature

25nucl eof ect i O¥ewsaiswdromiXedrvastall. L Ealchiclebatprespditon (Wawxaldad 00 og of

et iy peCrsiadOkede o Dldmmafd s ind Slenihe wh e aRfln b e ing y900

shuttle pl at e, quanstativieeRirad ttnt@ptdsd 6T inSFhsé EHath feh@ionYGR t *B'heﬂji‘VI ce.
Neur ons were nucl eof ected using a preset Amaxa program CUL | nmedi at el y

fol | owi ng nuclf@&zﬁé’cqs iisotatediipgn fransiected penrang ugoz aNRNegsy nind le@ag@ér Eaphf r ee
suppl ement , ’}}thtlog ggrmuh 151n o%ﬁ% FE0RRYS ggy dlcsﬁg Hﬂdﬁ% F%%Q%%lgﬁlfé&%l( 480 m s

NBM (neurobas was ad S were
subsequent |y m}méreETatCR’aklde(magdny“@mlDIQ({)Q@K@@MHKQ%& INK B-sfecifed pridisk.- coat cd
chanber slides, Neurons were grown for 5-14 days before rotenone addition,
with changes 6@%@%@%@@%@@%@% Werﬁ"ft@ﬁd ﬁﬂ%?‘%‘ﬁe%%é“@?@suspended

in DMSO. WIR) w@as fi&‘éﬂa%gd FerrltguH ANS A EBRioRIc Gﬁ@@%@re%a dl?%?i%ﬁ%la%em | cle or

experinmental conp unds ours after rotenone a neur ons were
fixed in a soIaohcemtramﬁnsdﬂ/eqnhrsaﬁmbmhgeAWde/ 15% 5 sucrose for 40 m nutes at

roomtenperature. S were wa ce with se anti-Tujl
ant i body (Covance) ica Hﬂ’éﬁf‘sé‘[lat%ff’g?gét‘{;éiﬁwﬁe trfatfg%%rgi%ﬁn% nemstgaary j t on

X-100, 2% goatmBgiiktile dRfbBRerONE 6 2 HMurs! Waﬁth@aw@tm&&ed Dt QRSaner e
washed 4X with PBS and goat anti-mpuse anti body conjugated to Al exa-568

(Al exa) was adigaechestion weid assayen besfvedn 200 houm afeBShe 84l groaimeserApgptdsor 30

m nut es. ain washed 4 it BS and don slides in
Vect ashi eI a&ﬂt%?%eﬂerﬂé‘%‘? W%GW§¥?%?SIIL%%)§3 %ﬁe&ﬁ Fﬁséﬁ% %Iﬁistg\?vgaf% Yisualized with
Tuj |, and i ndidéhglitadeni@UEQRS THE VEI'IV(3sU@-diaRthyWhiblol GRR)-2As shown in Figure
31, the ki nase inhibitors were found to protect hij ppocarrpal neurons from

r ot enone- deperftiditYlidgetsabronyde) aisay mapsuses gall siabiligy kasadempitpehpndiial wi t h

corti cal nelr o AN SARNEA iR, R b R cREUF APSUALE B3R PEghsged from

rot enone- dependent degenerati on by nase 1 n rtors |gure
10 Vi sual i zatandmcobatét :luB7Ré&eqht5615 COn fooORIR0 nﬂﬁiﬁﬁs.VTlSﬂMlTTZ@nﬁﬂimEg Mtcuﬁ:pt or
expr essi on,_.on axons, re cul ured as %Vfgrlbed o e t he screen.

After 24 ursm??lliab'?%fﬁ/?ﬁate dltgefi\‘é &y e8P o {o)imae i ?3 Yo sucrose to

cul ture medi ungpRbilBadonlsohioh @108 tritd® x01 00U @fopandl, Yash SdodrSpatbhh PBS. Fi xed
cells were incubated in 5% BSA and 0.2% TritonX100 in PBS for 30 minutes,

and then i ncub%hse@awéﬁm ghlt69i0mn2%asmd|mlneaspmtrom)twml t asta®5f ol | owi ng
anti bodi es: (]d)ehy rogen %Dﬁr} eve were zgssayeé using aeCny%oeI% )nbn a 1oact1\§ep IQDﬁntl )

assay kit (Promega) to assess the amount of cell death in assays. Fifty pl. of media
25  from different treatment conditions were used according to the manufacturer’s
instructions. For both the MTT and the LDH assays, cell survival/cell death was
normalized to positive controls.
The results are shown in Table 9. As previously observed in the above-
described DLK knockdown, NGF withdrawal experiments, knockdown of DLK
30  expression was also protective against vincristine-induced cortical neuron death in
two different assay systems. This finding indicates that DLK knockdown may be

generally protective against stress-induced neuronal cell death in a number of different
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ErbB2 (Abeanm), (3) 24 1.1g/manti-ErbB3 (57.88, Genentech), and (4) 1:500
ErbB4 (Abeam. Cells were washed | x with PBS, followed by incubation with a
f | uor escewI2g1106mi9agat ed secondary anti body (1:200, | nviPCTa$ee)/083596 oom
tenperature for 30 mnutes, washed | x with PBS containing Hoechst 33258 (1
pg/m, Invitrogen), 30 followed by a final PBS wash, and coverslipped with
250 pi of Fluoronount G (Electron M croscopy Sciences). As shown in Figure
33, ErbBs are detected on axons by inmunocytochem stry. Exanple 11

Char act eri zat iHSHrOBfCtYPﬁEEFR Expressed on Axons by Use of EGFR Ligands

Experi ments verflenLi&d oPPLK RnédA8H% Jnr@oﬁifcfxmélﬁmﬂfSuﬁﬁwl hon of EGFR by
Sligands, i nclydiRgidkG- I\@;igrehgg%mgwl}@ hpebPassg! Root nglia (DRG

i mrunobl ots were prepared as foll ows Prlrrary cells used in the experiments

wer e Charl es [Rirvet 1 Por-sal—Root CPRG)- cetts were
d N3/ F12 /qonﬂ"i? % NEFRredi .Eﬁ’” n i ?d)/ 231 N3

rral nt al ne I II. ul ||| 1“ul LAA A LB LA TIATIT O R - 17 \L ) y

suppl ement (1 10 n) m—of 1IMglucos M Nerve

G owt h Fact or| 2 pusyinrsiiaetreqtmetie 11362348001) inlQ%nm s F12 (sfock: 50

| ug/ mL - 80C) DI siBAN Anéno tfeatment) st eri l|i zed prior t® use). The experiments
al so enpl oyed DEK siINA {20 limubuihérdsting20 [mM Tris pH 715, 150 nM NaCl, 0. 1%
Triton- X10G, 100x Phosphatase inhibitor cocktail | (added fresh), 100x

Phosphat ase i[nhibiTor egalifigh T T T 15(34dded, Wighilily (nbrin@ledy/ 10| nl  Prot ease
i nhi bi tor tam et \é&&{%‘o‘f (ﬁo t?@at%épt) DRG exprary, Were prepa ed on Day O.
Enbryo di sse LIU wetre—earrtet—ott—+n—t15—ret uu;7 eH-Ss aacuLlun ool s were

soaked in 709 _ Istl E Y n di shes (4
enbryos per i%PIL Ar(eiér‘(‘lﬁ?réﬁtlﬁﬁﬂ far spinal cofds) F13.5 spi nal cords
were extracted into DVEM + 10% FBS. 5x 20 DRGs were 20detached fromthe
spinal cord. 8 well slides were filled with 250 | N3/F12 (25 ng/nml NGF) + 7
ti M cytosine arabi DRCs. re Elaced in each well
(five total), and &t is; 0=m nutes at room
tenperature. On daWhgfor eﬁé%ﬁ%ﬂaté ﬂialNSffl&lﬁ't@@]s'}ﬂét%tlvlel%am@ day
3, ErbB ligands were ad ed x 100 ttg/ml; dilute in SQwater 1:10) for
30 mi nut ed025ttexin-ikdyged Qrw\mtf@crtor(%mtmm)lducstﬂqn@cb@myatwn@mm@zﬂ inn- 1
(ErbB3); Beta: C icla Aelupon orsa ot %I Iil% neurons %rurtﬁé'r/ edf% AeI;[til; WETE (25
ig/m)) and sIdesd weres (f érfgl o) ing was carried
out by aspi r atpegormedd tﬁrad;bs's thié zﬁ‘tﬂh‘@ olﬂDﬂLe:tthlbItiola to PRSIt Q@nﬂaﬂcﬁén&ﬂrbxﬁb fr@g- col d
sterile PBS, and removal of all PBS using an aspirator 30with a pipette tip
or ki mi pes. & pepigeis @ompallydndycedbuibeserqhalgngeon | ysis buffer on i ce.

Lysate was col |l ect 1 utes at
top speed, and supggﬁg%tgﬁt?ctc\%ggéal?ga&%?%Ml%%%tg%:r.%&,ﬁ%ﬁ lz%agllléspcg ugarrpl e was
| oaded. THé sdmpstley megCharbpRienl Lbls)addiceoifpcled ilswshamphmmg@frmultmd NuPAGE

reduci ng agent 1 , an lLysat e was were fractionated
by 1006 Soas pacef i ki B P gt R re TR SO CUl B SSRGS (1 .1
MW 1 p.1 andyith dehim-$0é URkacGRirE nleM@aii)a finkd SordBhatiVB 0L O VO RE USi ng the
i Blot program 3 (N trocellul ose), and the bl ot was cut at 98 kDa. The top

menbr ane was WWheethagtdng wgs@@gﬂapdun‘q:‘@g‘{edf\@ﬁh the tissue at 37°C for 30 minutes. One
percent DNase (Roche) solution in PBS was added to the ganglia and incubated at

20 room temperature for 1-2 minutes. Ganglia were washed with Ultraculture and
allowed to settle to the bottom of the tube. All wash media were removed and 1 mL
plating media containing Ultraculture, 5% rat serum, 1% penicillin-streptomycin,

1% glutamax, 7 uM cytosine arabinoside (Sigma), and 50 ng/mL nerve growth factor
.(2.58, Cedarlane Laboratory) was added to the tube. Ganglia were dissociated by

25  trituration using a pipet (Rainin). The cell slurry was filtered over a 0.45 um cell
strainer (Falcon) and cell number was counted. Sympathetic neurons were plated at a
density of 5000-7500 cells/well (96-well dish), 200,000 cells/well (6-well plate), or
100,000 cells/well (8-well chamber slide) and grown for 4-5 days in 5% CO; at 37°C.
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5 hour. Primary anti body was placed into 2 mM 5%BSA in TBST for 1 hour
(Cal bi ochem anti -P-tyrosi ne HRP conjugate (PY20) 1:10,000). The bl ot was
washed wiwb 2088F0foer 3x 5 mi nutes and devel oped wi t h ECPCT/ise010053506n
menbrane was bl ocked in 5% mlk for one hour in PBS. Primary antibodies
were placed in 2 ml 5%BSA in TBST 4C for two days in vacuum bag. The
anti bodi es used were CS anti-P- 10 Erk rabbit (42/44 kDa) 1: 1000 C

anti-TUl1l rabbjpt (55 kDa) 1:5000 ( epar.at e nmenpbrane), and anti - Erkl
rabbit (42/44 EY@&@?%@@H@B&W&W %yﬂa? SthelaneREdia containipe or! fashed in
TBST for 3x 5 ggputes. Secondary antibody was added into 10 ml 5% mlk in
TBST 1:5000 and i ncubated for 1 hour at roomtenperature (Red (680)
anti-rabbit). The NG withdrawalmsiyedewi tehfoiiBSTasfdescriBrd & kampleebiA.and scanned

backar ound et O ARGt T G Pl PO RRb S Pl rored AR

negati ve/ caunt@famp UiH. i ve values: i.e., top/bottom right/left,

user - def i ned (user defined). The |lower the intensity of the concentration
standard, the femerLenfe‘gatsuemem%ﬂntﬁesere Rerserimed usiog ko lgptayirusfveetassgCMV-
experinments I S nt to
drive degene FggRESE GFE a\%gk% n gl\qgrs gk}z{ngéﬁeliﬁﬁggéﬁ%gélges losﬁlfaaﬁgklhag

Fi gure 35 ShO\/lﬁcktthaitrlEﬁifalazﬂngknfngdgepkﬂm eR] tat, &pmeid, vpu, MdmeloRs not cause
degeneration. TQ ens that EGF i.s caBabI e of activating EGER/.ErbBs in the

neur onal cul tL?rdg’éloﬂrs‘Eﬁe 5P E%é‘elﬁg%?/@ GERWO%@FWF?WHQ‘W&%“%@%% d (ERK is
a 25 downsir eghpr ahaRhdd{ (nESRIR/ -1155&1‘1/!5&% %Hhté:dr Wn T g addi ng
EGF increased ERK activity, as d term ne y Western bIIl ese data show
t hat acti vati rgn&@ERids] inohnsiof botbivectbrstace tlie stvetutelgentpmtdorGagiRalnBee 12

30Char acteri zat i f EGER resse on ons by. ct odonai ns
Experi ment's m@quJéta(?faipg%anﬁEX F%geg) Aéog??rgé&g}/'(%éﬁsgg BYBHE s on
activation of fddiced INRIIBEK 29T 2816 Byaiott%ﬂgfecuon andVRIrBIch@® Spi&8ehel N t hese
studi es include BD Bi ocoat PDL/Lam nin coated gI ass 8 well chanber slides
(BD 354688) i Eerem dirahirotens irequirgé e genares Vi) partiglpunihe petcotialifori ne serum
(BSA) (Sig .ser.um 4 ); N3
suppl errent (s %g&% '%O\g% QP %glﬁr%lrtr}%? gli{lc %% Bect e’gﬁ%n% clrogvégo%useééf%%es
17984-25); 24 rafqlﬁl@ mmhqﬁllerecaambﬁmemséueps a(n\dbi‘g%tﬂ&é’&@as‘tﬁaé Inrddiaieh, ahal
anti-neuronal cl bet a-tubulin (Covance MVB—43?P7; Nerve G owt h

Factor 2.5 S, %e %ﬁa@ﬁéprﬂéﬁ‘?&l haye peemicempletely deleedfrpmdivti- 100
(Sigma T8787-1QQpBL) . Sol utions used in these experinments include 25 ni

N3/ F12 medium (23 m of Hamis 10 F12; 1 ml of N3 supplenent; 1 m of 1M

gl ucose; 25 ng/m  O¥eulGF)erndfcg@dsBur iosedigilyRife(igeeoighging)or 3Ecdaydonai ns
(R&D Syst ) re resuspended in steri eflltered01 BSAin PBSto 1
o/t Modle als Mol e s e Sellmbfeotid S A S P P TN B e um
Usi ng f or ceps,Thi Rexi\daiHealirut 86mQinindmddieis SER6 XA W@ fepRRENE A fR{DRRSA.
15renoved, ribs cut away, and spinal cord dissected out wi th DRGs attached.
The spi nal coﬁtﬁswetamm %Ptea%ﬁedlmbfoe4§)halaeh€fpr¢tft§p¢;r115€nmm1um + 5% goat
serumon ice. DRGs qnere . [ m)\lz gcux/\\]/lt O%Brﬂ%sl;[noc CP}eedolne nd rtlhe rer’rgl ni ng
spi nal cord was di Spose PrEeer V8 |des WP ER GO B PN 18 o) us 25

ng/ M NGF. DR@ER@ﬂmecl&B%I@M pmteatebaympﬁhetﬁe@ﬁﬂoﬁ@ﬂdmmmﬁﬂlawall- aced in
the centers of each well of nmber slide and DRGs were allowed to
attach at éooﬁﬁl@éﬁ%ﬁp@wg@a&{;éﬁgws é%é%aﬁﬁtlééle 1grandderaiiplugetsansgies to a

final concent r(ﬁtghx%ml%ﬁdﬁgblb'lgf.”ﬁ in the top row.

Table 10: DLK Knockdown Protects Sympathetic Neurons from NGF
Withdrawal Stress (MTT assay)

30
Condition % viability (normalized)
Control (with NGF) 100
NGF removed 24 hours 46
DIK siRNA control 133
DLK siRNA NGF removed 93
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Slides were placed in a 37C incubator overnight. Ectodomain was added to
the bottomrow to a final concentration of 50 jig/m. Anti-NG- anti body was
added to wbeomwalsb®2at a concentration of 25 jig/ m. EG-RCrnis2aionsssoAnCG555
was added at a 25concentration of 10 uMas a positive control. Af ter
24 hours of anti-NG- antibody treatnment, 8% PFA/ 30% sucrose was added
directly to the culture nediumat a 1:1 dilution for 30 m nutes. The Teflon
di vider was renoved after the first 15 m nutes, and slides were washed once
with PBS. 30Slides were blocked in 5% BSA/0.2% Triton for 30 m nutes, and
incubated with primary antibodies (Tujl (1:1,000)) overnight in 2% BSA.
Slides were wab#dell 5#1@50d@@é’ﬂdﬁ@tﬁﬁcsymlyﬁmﬂqlwgwfrqm&txﬂahducnd)use
488; 1:200) wdeggreration gMldesssar e i ncubated for 1 hour at room
tenperature, washed 2x with PBS, coverslipped with 250 ul of fl uoronount
G and stored at 4C. Recutdifion | n|adgs ViaBility thdeidalizéd)er € are nmany

| i gands t hat @dhtRfidoRhendaFR  To Test [whether EG@hiR activation during
degeneration [ig Ho'uﬂ%ﬂ&éi'i%ﬁ@é}f%t EGFR &Ct odomai n M from R&D Syst ems was

added at a comENLT o/ nt—which—shoulx—be—suffieient to bind
any free lig “Qg'jm &Ap.(eolthgcﬂ?faﬁgt% GFR—The ._%P\4 ct-odenain,-| added either
24 hours priad sl hOUE VIDERSUDE) o s adding aHti-NGE,dobs not bl ock

degener at i on. HLJ#@RN#.QA:hwr F@Wﬂiﬁqﬂﬂ\/at ion dur Fndoﬂpnpnpratl pbn is likely
| i gand-i ndependent . 10 Exanpl e 13 The dorsal spi nal cord (DSC) explant is
anot her nodel Ndtabipuntodizgeresfanicserss D3Gsasgriosd BUK veascisilalygrotactper i od of

days, but if the es on of .a s al
fartor  they viPS@VEE MGGt atuteTslo sympffitic pepropt s 12 nd
15Tarceva(r) (Ebleot2hyni b) can delay this degeneration program Exarrpl e 14
A. Inhibition of Dual Leucine Zipper-bearing Kinase Materials and Methods
20DLK Tran$fection in 293 cell line 293 cells were plated at 30%
confl uence i nttalde {&IDamipantNe&atiee DLK whe Pratedtive Agaimst NGINW ithairadalwi t h
ei t her cont r olInghasiiegebitAtion ilD8¥mpathstic Nedroax pviddsassgy)wi | d t ype DLK, or
two plasmds, with one expressing wild type DLK and the other expressing a

DLK i n which |t hreoni ne @dndiigde been nut at eel, {ri@bﬂitﬁ(}iofﬂﬁla(i{e%XSA ,
GFP virus control (with NGF) 77
GFP virus -- NGF removed 36
DLK virus control (with NGF) 62
DLK virus — NGF removed 22
DLK DN virus control (with NGF) 104
DLK DN virus — NGF removed 60
15 This finding was consistent with the finding in Example 15 that kinase-dead

DLK introduced into 293 cells inhibited JNK phosphorylation in those cells. One
non-limiting possibility is that kinase-dead DK may prevent normal DLK
dimerization and self-phosphorylation. This finding suggests that inhibition of DLK’s
JNK-phosphorylating capabilities, either through reduction of DLK expression or

20  through introduction of a DLK variant lacking kinase activity, protects many types of
neurons against axon degeneration and apoptosis in response to toxin exposure or

growth factor withdrawal.

Example 15
25 Having determined that RNA silencing of DLK and introduction of kinase-

dead DLK were each protective against NGF withdrawal-triggered or toxin-induced

degeneration of cultured neurons, further experiments were performed to identify the
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25creating a formof the protein without activity (Eugene 6, Roche).
Twenty-four hours after transfection, cells were washed with PBS, scraped
of f each wbavayoserd transferred to an eppendorf tube. CelClrasesomsishen spun
down and excess nedia was renoved. Pelleted cells were lysed in 20 nM Tri s,
150 mM NaCl, 0.1% Triton X-100, and placed at 4C for 30 m nutes. Sanples
were then spun to renove insoluble particles 30and tested for protein

concentration | inchoninjc acid (B a .(Pronega) . . Sanpl.es were
run on a 10% 68{2:3?3% ’élrﬂea’é’n@‘efleg?ﬁerﬂ}wﬁ%ﬁ@)ﬁys mzf%aa]}@%gﬁlfgﬁk N33R i Bl ot
device (Invi trlﬁmulaﬁmlfnela glﬁa@e NIEK YRRHAG BofiastSo SBREMEMEAL | bpmé Bl ot s

were bl ocked for 1 hour ris- buf ered saline + 1% Tween 20) with
5% bovi ne ser UH-EIfbniy. rthf{ %ﬁﬁ}ssmv\ﬁf BEKGS tsiictey, to Bleaesvonesysteim@islaetal.,

Teannol ogi ce) W TR BRKEARFOLEEERLE o BR R el e ystert Ao 010

Technol ogi &s) ZODSTIBSImdn 3% BBBio. ASHent 269169)B3B80DB0S 17, 0998 WBLE ivashabes ti nes
in TBST and then incubated with HRP- 5 COII\igfgat ed anti-rabbit secondary
anti bodi es f orof 2 sigpaktragsdyctempativwperchiveiing TN 1ot andylpe thehtesuliigai n washed

three tines a ﬂagmpﬁ | ots were
t hen exposed or!% ]%tgﬁgn/nlﬂan angﬁgrzlcgétc ger?gfg%?g%aeﬁgegﬁ&hwg%&&%gi RNA
Mouse E13.5 ertoerybskedes evatmﬁehieanhl disdrdptspineldding Parkiirson welikeass) dlfucoma,
(I'nvitrogen). The.s |n rd was di ss ted out fromthe enbryos w th DRGs
attached. The BRSPS F‘iﬁe \ﬁish %a@t Wg@nvéé{’%aﬁltgr@é@ ?’??FB“‘"LIPBO di um +
5% goat Selr()umﬂaﬁitrﬁ%ﬂ)xpl@@oﬂ &mﬁaﬁs HREMASE RlelseTaMed. k'éb B astwgshen needl e
and the renmaining spinal cord was di sposed. Eight-well slides were filled

with N3-F12 soR@ISER-5623989; Ries tleah & Newchamm0766): 15G8- éﬁﬁﬁoﬂ@@ﬁen’tlugarati 1

of 1 Mglucos t 5 ppl ement
was nade by di uGt”?(])V:r%wEf) c’@iml g r(n)%gal{)fg I%ﬁafﬁf&ggpwg)ﬂcé %n?éél ng the
fol | owi ng i ngrasd; MDSPerhﬂeﬁzh@Ebﬁ)WeQﬂwmS(Jlf)d9K~205 Z@omLelvla@\ktcﬁ \auibih ef 89
sal i ne solution (HBS ee; lnvitrogen bovi ne serum

al bumin (10 ngP#iRes. ﬁoﬁBé@éN&@@%ﬁezelzetel o ﬁssr%n).znz(zmmeu Kawantel man,

R N R S o R el b e

mg/ M in HBSS 389%603)Ads:870, 9T Hprogest, é’wane/a(lPWB&SG,]SOi 10E2)yeps70, n

absol ute etha 02 nml co coster 5 500MG, . 2 ngy in
absol ute et ha%@ 411’@{2@% &eTofﬁ’ Res; é%@ok@%c}ﬁgﬂéogi% Oﬁﬁ?fléllaﬂofrela“(’n
(T6397- 100MG, 9 D2 KM/ ridhiral Misdbkd alli M@moﬁeﬁﬁﬁt J;}Mne opmﬁréﬁNK/@ﬁl'ﬂlabtnva%gn

(16634- 250MG, bovi ne pancreas, 241 U ng, 25 ng/m in

for a total vmallilﬁﬁyfé)waslmv@zgmd(can be stored at -20C)) An N3 suppl ement
st ock was - de by conbining the following: 10 m Pen/Strep (100X, G bco),

10 M glutamne (200 MM G bco), 10 M MEMvitam ns (100X, G bco), 10 m N3
concentrate (100X, ASQ«EmﬂiaﬂiéeBDecﬁwfoﬁPh@bHéryM&HlDIﬁ{Of 40 m . The m xture was
filter sterilized using a 0.22 30gmfilter, all;ngts were stored

at -20C. Péﬁ%ls\néYléPtkPVlﬁ%i% E%ﬁoth%rMéPdlw% ttrlw.@ﬁ oetated (G bco) at
37C for 30 m %amhe%awatlgmapgggs gms&%@g’t teT oﬁamrb%thegggénggme' I's were

el ectroporated using an Anaxa nuc ector wt control of
DLK si RNA (pr oepddynbetPELO) i vated emd sptlingt(netqaaivlaged))DLK intibouves vsreaknanted

8- chanbe BD Bi at, PDL/ Lam ni n.coa ecton Dickin on)
Neur ons g‘&‘%it%%ﬁig’ gietp%,’ﬁh‘f) leltﬁgfog?"l Eg)?‘éﬁg ng %‘BQP’QPEHSBGCF 5-10
m nut es, f0| | outhebin theediRakiOReleMutded Yataihe, Jhfch cyﬁ?ot@@ghosbg:ryﬁﬁﬁ' bodi es
wer e then added to the right half of the slide (4

concent r at i on ThpsexBnggicis werpther trapsieatgslainioct?3 feells @mgﬁbwegneatm@?@ ast he slides
wer e

described in Example 14, part A (above), and tested for their abilities to phosphorylate
the downstream kinase JNK (Figure 43C). This analysis confirmed that threonine 278
30 (T278) and serine 281 (S281) were required for activity. Antibodies were generated
against peptides in the activation loop of the DLK protein that contained these
residues using standard in vivo immunization techniques in rabbits. The peptide
sequences used for immunization were CKELSDKSpTKMpSFAG (SEQ ID NO: 13)
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fixed with 30% sucrose/ 8% par af or mal dehyde (PFA) by adding 250 ul of the
fix solution directly to the 250 ul of culture nedium (To nake the 30%
sucr ose/ 3WoRBPA/s0iat i on, the foll ow ng ingredi ents werepratdsdomnoszxe00 n
beaker including a stir bar: 250 m 16% PFA (cat# 15710-S, El ectron

M croscopy Sciences), 50 ml 10X PBS pH 10 7.4, and 150 g sucrose. The
sol ution was m xed under | ow heat until dissolved. Then 6-8 drops of 1 M

it vat e PRgPAGE ey BV O S A SR R QB ML TR nceq tn
al i quots, and JnEiB@cﬁ@319EB@%%¢,Eﬁ@€G’Y%‘1@ﬂ§D@SbTﬁ@\VI( @N@:QS?er%ﬂim by

washing three tinmes with BS. All cells were |abeled with a neuron
speci fic 13-t ui3dland 33ht TheautgcedTg was(perfaed)at Yenym, BSAZ e, “poitFT protnepl, at 4C

overni ght. The_primayry_ antibody was,renoved and the slides r shed
Chree Cimes v UHOPBEYeRCAGh AOSTRR Blo PS80 MR telRE 7 apbi ¢
secondary ant id@Fd&et() RO sél@d’tivﬂ?.ePbﬂg)b!bnefl@hﬂiwﬂ%@ fidyh ik ie@uMas@Bbitsn PBS,
and then coverslipped with 130 ul of rnounting medi um (Fl uoronount G 20

El ectron M cr 0¥&spplatdiaag seregned hor bruding @dlangp-DLkover sl i ps (WR) .

Quantitative PCR ( a3 ok 5@@ i
el ectroporated w t%’?’gﬁ?‘ % gﬁgta%mdg?alsﬁ@&%s I resélpgét%ggda?%g% @%angnd
cul tured as ddsmrinbkidtoalxmistry amlyaesredeerniaé theirabilitiay ®. dekNp-DInanéter ons was

then isolated ysjng Purify Total RNA b i agen RNeas ni. kit, 25according
to the manuf aéﬁﬂwg i it frogt %‘EBH’I?.SP}WWQX Eglﬁa%togrergﬁwpg?%eé&%ewéat ed with
control ang oSHBNASe oI K37 War bllnddd Rk GRE Redid wal RRtdvE@hd e BGR were

experiments (Q agen Quantifect SYBR Green RT-PCR) using DNA prinmers
speci fic for DrashethehcGarpbDitd-eddPBE! LCellOATECATETEGEETGHEBS MG dro ravesfatredr | mer )

d AGTTGCAGCATGAGGEGCATIC i . SEQ | 1 d 17). 30
oL T st o L S ook R 1, 28R by T et SRire SRR YL of each

sanpl e were cat@ulall gtheHellad w¥e cltBerGai-froleh.on dRefed b stdRe af B9 oy weke t hese
experinments are shown in Fiqure 38. Transient transfection of 293 cells

with a pl asni dmeKeBeRbnlysed indreghy lysis brfter (@9 g dagisi HOrpd MtdsHhoririter Xon and

activationcof |l i K I r oW in a
signali ngqgasclgggeﬂfoniﬁg% g%??@%%ﬁeﬁjégﬁa%aﬂ%(f%sm Sgb%(ﬁ:lg&)?ﬁgasgﬁ I r%tell)sNg- dead DLK
reduced t he | gRetle 1dB3QINRO@H o Sphowyiledydednn alkstaok ataliA fof 3(Dhinkitesxipd &esi on Vi a
Si RNA resulted j.n protection of neurons agajnst. degeneration as did

i nhi bition of p@h@e@%& ﬁ’éfaﬁlpwpwggatmkwe%ﬁemwﬁ%@ﬁ@ aFigeh AgedivtPed
neurons transfect edryitihllysaicRNAR Hixe§ GhiBdafPRibIALr (HirdJRRHHI&OR) 5 Neur ons
transfected with control” si RNAs 10 (as visualized by actin staining)

under went si gnivbiigarnd tegderdedioiton dapawringd-1 3o tgradicahved] (lsitsoigenalSemelts by

TuJl stainj,ng (Figures 38 and 39).. ln.contrast. J,n,neurgns .tr ected with
s Ruas. ¢ arder et s SR R Mg mod iR i BT RIS e

wi t hdr awal .  Krigedkthi@wolufibn Dirds- e REisaiian DI0SYTEfen X108 fore Hosr. Weige wenf i r med
using quantitative PCRwith priners specific tg DLK. 15 B. DLK Kn_ock(glown
Protects Agai st ingkitrd P aesesPRathidhantibedy pt axitin of 1:1000 mdde T wth 6% wer e
performed to @Ssﬁé§am%}%qﬁatfb% o%@x%Y%%‘t AhBer tids Wef%t\%‘shéa’t%re%ftfn?e%%ﬁ DLK
inhibition is nore generally protective agai nst axon degenerati on/ neuronal
apopt osi s causeduteywoh HBST] aslintubated vath aasbbiosdcondaxplosseralish}etedadaat ed

neur ons %gf %Eﬁ%&ggrgééﬁld}qgg%%{&%ﬁ(%nalargs,t 19%60%) %o?'?'-f llx(;[u(r)sr at rcl)or}n %err]r(lape al:[&g.ence

or absenc

Membranes were washed three times in TBST and developed with Westdura
chemiluminescent substrate (Pierce).

2937 cells were plated onto coverslips contained in a 12-well culture dish for
immunostaining. The cells were then transfected with either mDLK or mMLK3 as

30 previously described and then fixed with 4% PFA, 30% sucrose 24 hours after
transfection. Cells were blocked and permeabilized with 5% BSA, 0.3% Triton X-
100 for an hour, and then incubated with the primary antibody at 1:500 concentration
in 1% BSA overnight. Next the cells were gently rinsed with PBS three times and
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Cortical neurons were isolated using the follow ng procedure. Rat E 18
cortices devoid of nmeninges were dissected into ice-cold neurobasal nedia
(I'nvitrogeopoii@sotzces were dissociated in a final concenrnsbeionsizbe 0. 1%
trypsi n/ PBS 25(Wbrthington) for 30 mnutes at 37C. A final concentration of
0. 1% DNase (Roche) was added to the tube and tissue was incubated at room
tenperature for 1 mnute. Tissue was washed once w th warm neurobasal nedia

and the tissue was t Int t ub or. of neur obasal
medi & cont a niSD BYREI R Y BREHLTOP AL P L) DR LA det: THSHE e
di ssoci ated byphéwddiyahice PBY wdhé, %Qﬁamapweﬁ;coﬁ{%ﬂhﬁg DAPI @hﬁ)%?{& shijer e

counted and, for sone experinents, transfected with si RNAs usi n((i:;
Bi osyst em 96- waiclei. N[l couerslin was v(nmeﬁﬂly lifted 0ut©ém6§umﬁ@n®mu@é ppfo@- or

ol aced cor - aendr b gie Bitao Pl QUL 5] Bl ing BRsELERE) POFEEY

or 1 x 104 5ce|d@fammdlusmrgeﬁlla&@&dnveinmrosi‘c@py si RNA exper| ments (densities that
all ow for sone cell death nornal ggassom at ed h the el ectroporation

process). Neurons WEHbodiesdl$, M 3R29.32)i andsy 2ﬁ@|@| @@ﬂcﬁétﬂ']% $8f Btl?ld?ﬂ:{l\krraxa)
d 600 51 RNAy

ggys af t 2? 8| ati ng h(ngéglggﬁfi %’% g'?? %{g@ggg%?ﬁ @gﬁig‘bﬁg‘fdé%gzga%m aseSj chal n

reaction (gRT-HpR)g tol?phbqfhbyy,latRI\MDI@s(Flgmﬁ £tr0d I comnnagtr anibdbdyct Hdecrtgmzeahs

has Tun i & RPN P ERE R YRS svRes BaiscrePoe R DL agen)

W th DLK-,10) NKhupled WSE min@fal pINABK S BRI Endmlhsni%r% ueéﬂrfbf"ﬁﬁ'tﬁelf Ahlykide
housekeepi ng gene GAPDH, were used as controls. (Al priners 10 were

purchased from Q agén a)ltlbw;ﬂswfqr@:@lsq@k@wpmﬁcaﬂeﬂo@danml?lzlém thecontextatfiave RNA
concentrations n eac € _Uus r 3-4
days were treact ’oas metaﬁurg%lgy l\J/I?Orl?(l:srg(? s?mlr?try a’ r}ﬁa(l:]lrﬂ%? Lﬁ Hggféa%?lfl? for
6-72 hours. N@Lmtﬁahﬁmwmmu@adtmgz@ﬁ@ﬁtlﬁroaﬁ&ddﬂgﬁﬁgem&ﬂve@lmLmasSayed
bet ween 4-36 hours after the final treatnent. Apoptosis 15 and degeneration

were assayed UEDHECBOER T oels (igurgddBy Husbindise invenibents Fpureyardsecllissay .
The MT 4, Jde
assay meacr oot pEhEKNEAA v MK ot L ASINI B DS HIT f4 BOC0
added to a t otcamptte hdeoﬁIGIMsb acfvitly MElgumlétBab.eAvD[[ﬂ(Uﬁké otheranixetviih¢agand

i ncubated at 37C with 5% CO2 .for 90-120 nut e The M T-containing culture
20 nedi a was ’iﬁs?safsého ptordimenize and aWQP]ggSP éﬁe‘?‘hf@drapﬁe‘%ﬁf{]@qual vol ume of

sol ubi |'i zati omerediY dédu@ Rystehatebd dRDithdQQnfidn HaPMhetdahtibdfledtThddeaopr opanol ) .
Absor bance (570 and 690 nm) was read using a spectrophotoneter. Lactate
dehydr ogenase réi@ﬂﬂlﬁl@lélb@@éfﬂ@ﬁ(h@m@éﬂﬂﬁm ng a CytoTox non-radi oactive LDH
assay kit {Pronega) to assess the anount of cell death in assays. Fifty pt
of nmedia Z5fromdifferent treatment conditions were used according to the
manuf acturer's i nsB.ugdtivansn ofAOLK Doking MigeriMie-mddeed TR obddrhiRsSAYSriicae! |

survival /cell death was nornmalized to positive controls.
Neurons

The antibodies generated as described above were then tested to assess
whether DLK phosphorylation and activity were increased in cortical neurons that had
25  been stressed with vincristine. This would be expected, as knockdown of DI.K
activity promoted survival. When grown as described above and treated with
vincristine for 1 hour, levels of phosphorylated-DLK were elevated as compared to
control cultures when analyzed by Western blot (same protocol as described above)
using antibodies 318, 319, and 320 (Figure 43D). This provided further validation
30 that levels of phosphorylated DLK correlate with activity and are increased under

conditions of neuronal stress.
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The results are shown in Table 9. As previously observed in the above-
descri bed DLK knockdown, NG wi t hdrawal experinents, knockdown of DLK
30expr esswonomasomkso protective agai nst vincristine-i n&#gdTa$2€1005350a|
neuron death in two different assay systenms. This finding indicates that
DLK knockdown may be generally protective against stress-induced neuronal
cell death in a nunber of different neuron types. Table 9: Effect of DLK
Knockdown on Cortlcal Neuron S rV| vaI upon. Vincristi. neChaI | enge as Measured

by LDH Assay Condi t%: ot 0 Dggronablliscasg Medels tr eat ment) 0
20 hour vincristing H&@B%@ﬁ n%gl zl?% o @% fohf &é%ﬂ t%oﬁl ENA (20
hour vincristine) 1T éondlet | o%’ % \fsat‘)el try (fﬁorsma %ﬂd Cont rgf':‘ﬂl (no

treat nent) 10MniRalhwgre pcrfnsnd| vaithi 406 pana&a:tnaklnhyde and the spinal cords were carefully
removed from the vertebral column and post-fixed overnight at 4°C. The cords were
5  then equilibrated in 30% sucrose/PBS before embedding in OCT for cryosectioning.
Coronal sections (20 pm thick) were cut and mounted on cold slides and kept at -
80°C. Sections were hydrated in PBS and blocked for endogenous peroxidase activity
with HyO, (0.3% in PBS) for 10 minutes, followed by rinsing twice with PBST (0.1%
Triton X-100). The sections were blocked in 5% BSA, 0.3% Triton X-100 in PBS for
10 1 bour, and then incubated with primary antibody in p-DLK in 1% BSA, 0.3% Triton
X-100 in PBS at 4°C overnight. Slides were washed three times in PBST and then
labeled with biotinylated secondary antibody (1:300) in PBS containing 1% BSA,
0.3% Triton X-100 for 1 hour. The slides were rinsed with PBST followed by a 30-
minute incubation with avidin DH containing ABS reagent (Vector labs), and finally
15  incubated in peroxidase substrate (0.05% di-amino bendizine in 10 mM Tris, 150 mM
NaCl, pH 7.6 to which 30% H,0, was added just before use) in the dark for 10-15
minutes. The reaction was stopped by rinsing with water, and the sections were
mounted on glass slides and coverslipped. Alzheimer’s patient tissue was purchased
from US Biological. Tissue lysate from hippocampi of Alzheimer’s patients and age-
20 matched controls were used for this analysis. Analysis was conducted by Western
blot using the same protocols as described above.

The results in Figure 44A demonstrate that the levels of phosphorylated-DLK
(p-DLK) were highly elevated in the SOD1 mouse of ALS relative to wild type mice
late in the course of disease. Evidence of p-DLK was evident in tissue samples as

25  early as 14 weeks (Figure 44B), which is prior to the onset of ALS-like symptoms in
these animals.

Similar results were observed in human Alzheimer’s patient samples. The
levels of p-DLK in cortex samples in Alzheimer’s discase patients were increased
relative to control samples (Figure 44C). The levels of phosphorylated JNK and

30  phosphorylated cJun63 levels were also increased in Alzheimer’s disease patients
relative to control samples (Figure 44C). Thus, DLK is activated in a recognized

mouse model of ALS, both prior to the onset of symptoms and at the end stage of
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77 DLK siRNA (12 hr vincristine) 95 C Effect of DLK Mdul ation in

Synpat heti ¢ Neurons The foregoi ng anal yses denonstrate that D .K

i nhi bi ti omoi2s11pIsot9ect i ve agai nst 10t oxi n-i nduced or gr oRCh/USae 53596
starvation-i nduced axon degencration/apoptosis in cortical neurons and
dorsal root ganglion neurons. Further experinments were perfornmed to assess
the ability of DLK inhibition to protect synpathctic neurons fromthe

apoptosis normal ly indyced by, these c enges. Synpat hetic cervical
ganglia were écf“%—fgatf?“r‘(‘}rﬁ) l(ggltqqglpgaﬁ?ﬁgthnagﬁlg@%@er IB®SWSey rats (Charl es

Ri ver Labs) and collected in a dish containing Utraculture nedia (Lonza)
with 5%fetal bovine serum(lnwtrogen) Ganglla were washed twice with
serum free U traculB.udignaimgiCpntriuting 3 % wf 0.1%trypsin

(Wort hi ngton) was agd th tetlssue at 37C for 30
m nutes. One per centj f‘ﬁ%&:@g”%ﬁ@bggﬁ%’?cw in PBS was added to the ganglia
and incubatsed at 2Q\J@ARhERAMBEVAEXEM FJIUM]-DEKrﬂll%&@gspro@@@Qll:iu@né/\ﬁélﬁ washed

with Utraculture and allowed to settle to the bottomof the tube. Al wash
medi a were rerfisgiedatinndn 1espensp katoX N XRRIr Q0T & fagtergvitidraval And K. 5% r at

serum 1% penigi |l 0- 9 arab nosi de
(Sigm), and éﬁﬁgﬁ%?& Vﬁ%erl\%&w&wﬁ%ﬂ%(ﬁ)@dﬁéc?%gqﬁagﬁggﬁ?ﬁ atu81§_ Egra ory was

added to the twiheperfamgl t@as\tﬁBéNKIla&ﬂ@DjnaixptisiiMm ahlactivier @ldeONGESI Nng a pi pet

(Rai nin). The c%]ll slurryﬁgs filtered over a 0.45 i tmcell strainer

(Fal con) and c8fdrayalsasss Oé&ﬁﬁpé%fien@‘i%sa‘{ol‘?@ﬁlioﬁs A6t FFsEmaiabrisfoselsd at a
density ofy350 I ﬂﬁ@[}) (6-well

plate), orlOlogg%%%qggfé%&tﬁmée%}ésm()ggfmgh(gnber an? ?%gm%(ﬁog}g%rnégm“%?é tjhe4 5 days
in 5% CX®2 at 351@easthEseedeycrdieHeb0\cbay neurons were fed with fresh pl ating

gg(rj:‘ gr (r:rggt :Is nhggcflsil)lg&m?gh r?l:&]g% demiﬁll?ng?/})?fcf’ile\sﬂi]}h%g‘)lt?%!aﬁ g]é l@ﬁt'ri’gté’s says,

and LDH assaysn PR ep%xft@mm%dm%(fdgﬁ@as}oml( nan&kamﬂn&\ee\éﬂ&creasedp clun
Lentivirus experinments were perforned using two |entivirus vectors:

GCWMCS- | RES- eGP aisteitierit hdresl 95 RegristBetdapandent siress ar eortigapegprsai ns

t hat | ack the I LAl sy pPr, vif,
vpu, and ntgf [ﬁ{ég H %%éﬂl{tﬁegr egel {}31%39)%% Flg F4(51)eqylf}|< %ﬁoc(])(fl ow%al

pr onot er / enhanieekassé gummelmﬂtéﬂenhérh&B with@awR drivéardcrisirivddspendefest&ss in

LTR/ pronoter self-jnactivat] n foI | owi ng i ntegration. The nes prow ded in
trans for bot If° kS@I[IE’P’é’néF‘ gt%”fﬁ:f%r gtISthFlgP nb‘F%f}@f%PCﬁﬂ( apihody Rev, and
Tat (via plasgidofield g ﬁaspmaﬁeh%mvo%%eofgmﬁemm/%}{a FK3hegR Pl asmi ds
are introduced |nto HEK I393 T cells by co-transfection, and transiently
express the dlphbmhen’ﬂatwnldmswmreqlans wntéqmssenﬂtmoorg@rrémaihermtmalof phmt i cl es.

Th t | d,t ' ti v
extr onely o e KATLESTE Tt il R Gt PEEE A SR,
anongst t hr ee batlgsdind Signhibbdél€léd inQRs cdnfi8] nipidsenarsd @ed BNikelly\IRE to Vi f vpu,

and nef) have been conpletely deleted fromboth vectors.
baseline phosphorylated JNK 1. The results show that DLK silencing or other

inhibition does not cause degradation of JNK or cJun, but does result in a lesser
degree of stress-induced phosphorylation (and thus lack of activation) of those
25  molecules.

If DLK inhibition protects neurons from degeneration through limiting the
phosphorylation of INK2 and JNK3, then inhibitors of INK2 or JNK3 should also
protect neurons from cell death and axon degeneration. The ability of direct INK
inhibition to protect neurons against NGF withdrawal-dependent degeneration was

30  alsoassessed. DRG explants were treated with anti-NGF and either pan-JNK
inhibitor INKV or JNKVIII, prior to assessment in the NGF withdrawal assay
described above. Both inhibitors were able to protect DRG explants from NGF-
dependent degeneration (Figure 46): JNKV (Calbiochem) was most protcctive at a
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Neurons were infected either imediately at the time of plating or 3-5 days
20 after plating by adding virus into cell culture nmedia containing 5

.t g/ nL wolgtwosn®2 The next day the virus-containi ng medrasesonssseyed and
replaced with fresh nedia. Cells are allowed to express the virus for 48
hours before experinentation. Simlar to the protective effect of DLK
knockdown on corti cal neurons and DRG knockdown of DLK protected
synpat heti ¢ neurons fr wi t hdrawal - 25j nduced apo&t 0si s (F| gures

oA 0B and | SEIERTHIONG] WA IR A6 5 BB & CORRGEENAL AN Tab e 11)
Table 10: DLK K”OCWQMUW an%ﬁtlﬁ W%?é hesib& Heﬂgé’ ﬁ%‘érv@c? goré\'ﬁ/:e effe

Wt hdrawal Stress (MIT assay ndition %via mal | zeg) Contr ol
(wi th NGF) 100u@Fknenkdeed ebrineurssvetEpddiokmsd RilAy thelsame)ineﬂaﬁaolb)g}l@sm RNA NGF

removed 93 50192PCT/ U 0/ 0535 I 1. DLK Knockd

Protects Synp Vgﬁ @%Fig%gﬁr ﬂ?chgﬁ‘%%%eﬁl ‘F%‘Eﬁ:‘ﬁ% &’?fe‘ﬁ?? ap5 2ok 1o 1°3T§s ay)

Condi tion 5  the effects observed with the pan-JNK inhibitors (Figure 47). Inhibitory RNAs
(siRNAs) for INK2 or JNK3 alone were not able to protect DRG against axon
degeneration upon NGF withdrawal (Figure 47). The most effective protection was
observed in the presence of silencing of both INK2 and INK3, though even this
protection was not the same extent as siDLK alone (Figure 47).

10 JNK1 is a constitutively active molecule, known to be responsible for axon
maintenance and synapse maturation, whereas INK2 and JNK3 are known to be
stress-induced and involved in cJun activation and apoptosis/axon degeneration
(Coftey et al., J. Neurosci. 22(11):4335-4345, 2002; Coffey et al., .J. Neurosci.
20(20):7602-7613, 2000). The fact that DLK inhibition results in a larger

15  neuroprotective effect than JNK1/2/3 inhibition strongly suggests that DLK is
inhibitory to one or more mechanisms of neuron growth and/or survival in addition to

its role in the INK/cJUN pathway.

E. Trophic Effects of DLK

20 A previous study has suggested that a dominant negative kinase-dead mutant
form of DLK (K152A) causes trophic effects in dopaminergic neurons of the
substantia nigra pars compacta, whereas a dominant negative form of DLK containing
only the leucine zipper domain does not cause such effects (Chen et al., J. Neurosci.
28(3):672-680, 2008). Notably, however, trophism in this study was defined by an

25  increased number of DLK (K152A) infected neurons expressing a particular marker
rather than any functional or morphological differences between infected and non-
infected neurons. The impact of DLK silencing was accordingly investigated in
cortical neurons and DRGs. The protocols used for these studies were the same as
those described above.

30 DLK knockdown was shown to have pronounced trophic effects in both
cortical neurons and sympathetic neurons (observed increase in number of cells)

(Figures 48A and 48B). Specifically, DRG, cortical, and sympathetic neurons showed

114



A viability (normalized) 100 Control (no treatnment) 24 hour vincristine
treatnment 28 24 hour canptothecin treatnment 79 DLK si RNA (24 hour

vi ncri stiwelotifosDoK si RNA (24 hour canptot hecin) 106 Notablus2oionsdseeluct i on
of an excess of kinase-dead DLK was simlarly protective agai nst NG

wi t hdrawal -i nduced apoptosis in synpathetic neurons (Figure 42 and Tabl e
12). Table 12: Dom nant Negative DLK was Protective Agai nst NG

W t hdr awal - | nduced eneration in Synpatheti urons (MI'T assa
Condi 1 on A viIGHPL GopTIGr i Ho ot Phgh (FeeEui FBRL EIFieR oL
\r/la:nl;\s;e;j- NG repRMmed imfeald-# Jbwins (FBR 19! (with NG) 62 DLK virus -NG-

Table 13: Increased Growth of Multiple Types of Neurons in Culture after DLK
5 Knockdown (MTT assay)

Condition % viability (normalized)
Cortical neurons control 100
Cortical neurons + DLK siRNA 137
Sympathetic neurons control 100
Sympathetic neurons + DLK siRNA 139
DRG neurons 100
DRG neurons + DLK siRNA 147

To further examine the role of DLK in neuronal growth, the levels of MAP2,
were measured, a microtubule associated protein that is specifically localized to
10 dendrites. MAP2 expression in cultured neurons is reflective of neuronal maturation
and expression, and is often increased under pro-growth conditions. Inhibition of
DLK activity using either a dominant-negative leucine zipper form of DLK or a
dominant negative kinase-dead form of DLK in neurons resulted in induction of
MAP2 protein production. The induction of MAP2 expression indicates that neuronal
15  growth and maturation are taking place, and further confirms that DLK knockdown

indeed has a functional trophic effect on neurons.

Example 16

The assays described herein i1dentified several inhibitors of G-proteins and G-

20 protein coupled receptors (GPCRs) that decrease degeneration in neurons.
Experiments were performed in DRGs to verify the role of G-proteins and GPCRs in
degeneration pathways. The experimental protocols used in these experiments are the
same as those described in Example 14. Pertussis toxin and SCH 202676 were
purchased from Tocris Bioscience.

25 The data demonstrate that SCH 202676, a sulphydryl-reactive compound that
inhibits agonist and antagonist binding to G protein-coupled receptors, decreases NGF
withdrawal-induced degeneration in DRGs (Figures 49 and 50). Pertussis toxin,
another inhibitor of G-protein signaling, also decreases degeneration in neurons

following NGF withdrawal (Figure 51). These data indicate that G-proteins and G-
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22 DLK DN virus control (with NGF) 104 DLK DN virus - NGF renoved 60
15This finding was consistent with the finding in Exanple 15 that

ki nase- dewd 2DLKsO2r oduced i nto 293 cells inhibited JNKrphamspdonyisaéi on in
those cells. One non-limting possibility is that kinase-dead DLK may
prevent normal DLK di nerization and sel f-phosphorylation. This finding
suggests that inhibition of DLK's JNK-phosphoryl ating capabilities, either
t hrough reducti on, of éL ex res?ion or., 20 through introduction of a DLK
variant | acki miRIMFASRICLECTRIPE P12y 3rBledR PR SESESTAY: of neur ons agai nst
axon degeneration and apoptosis in response to toxin exposure or growh
factor wthdrawal. Exanple 15 25Having determ ned that RNA silencing of
DLK and i ntroducti dixampledi/nase- dead DLK were each protective agai nst NGF
wi t hdrawal -tri ggered, or toxin-induced degeneration of cultured neurons,
further experi ment odiogalislolat Ry MR I REs dpaibedferdi@iT ¥hiy: ona
degenerati gn Rty WksSin dBkdficlaSopAiWaysl 418 R nibeRas thdelfGfenisifAgingul tipl e

| i neage kinase (MLK) famly. In contrast to other nenbers of the MK

fam |y, the expHwsyiaphitpfovmskeqns targals (e Gt tergsarption Eckns ty BuE4)s Expetimecal | o et

al., Nat. Rev._li ' , - - . PLSS I
oycle 7(7): 90&%%%@%%‘; lﬁh@‘{c%“ﬁéﬁ%%‘gg?@% By élgg(%e &ﬁ%%; Berfh Bha TCFEL

269( 49) : 30808-n30dh Acgch8Rdipn. Thdexipsrimentrlfretocaf uedsh tesd exiptanetis aeitgn

pat hway activati ng JNK1-3 %gd_cJun that results in apoptosis/inflamuation
under certainfﬁﬁﬁé?ﬁ Sfdeser] éf%§§%ﬂﬂ9Nk/cJup activity has been linked to a
vari ety ofjgneural dihsQhgd8hsy tHaPS!pAdkidg oPRESISARBDeIS 28 RABHEs, viHiGUGR B,

Al zhei ner' s di sease, ALS, stroke, and Huntington's di sease through

exam nati on ofresblt ip&isk ehhetaseatplie snaghiatesapiecicawnn scimn anbiwy (Mpdebs; tof

di sease (00 et. al. 1 urochem .72(2):557-564,. 1999 Ries et al., J

Newr ochern - 107(E8) P4sha TREBTo0! & ijaBtrearive fes of TCRb iy Begites

22(8): 1881- 18 cre£RGDned¥b fibbilityqligko 52, Baftom Ngh'trﬁhﬁ@lb.- THe¢ data &R¥cate’Bdr,  2009;
Perrin etal., Exp. Neurol. 215(1):191-200, 2009; Levkovitch-Verbin etal.,
Eye Res. 80( 5)h®&da-gitenin sigusing pathajay i important gprthe, mgadenan@af apurpn2- 212,

2004; Kuancet : , Lo U , +115184- 15189,
2003; YanQSeta%iﬁhNaF@?@gﬁgg%gégﬁﬁﬁggﬁ?gﬁﬁ?n%%gﬁégﬁé%%%§§%1% &gé roc. Natl.
Acad. Sci. U. $rémott@drd) défeherbiléh (e200dhibifdiakfisettatalin explessiaund gtibitoRes.
85(8):1668-167 2007). Potential] correlation of DLK tg neural disorders
and the invol v)gr}rgﬁ astfwar?e&%we%{yeaqwﬁww&ﬁtazfétqnmnﬂc?ﬁﬁa?e%%m%s
investigated. 20ch axBRUERANES AREELIdnG deRldeliROoSphor vl at ed DLK DLK
is a MAP ki nase and, |iKke other MAP kinases, 1t is phosphorylated wthin
the activation loop in its activated state. In order to be able to

di sti ngui B readilé bet%§§n activated and resting (non-activated) DLK,

anti bodi eS"were ge 25t hat are specific for the phosphorylated form

of DLK ("p-DLK"). TRuf@al@nersifCik RieGuced in DLK Knock-Qut Neurons

Since DLK knockdown protected cortical neurons from toxic-induced cell
death, as shown in Example 14(B), experiments were performed to assess whether
25  neurons which lacked DLK would also be protected from axon degeneration/neuronal
apoptosis caused by N-methyl-D-aspartic acid (NMDA). It has been shown that
different stress response pathways can modulate neuronal degeneration depending on
the neuronal subtype or toxic insult utilized.
NMDA 1s an agonist of the NMDA receptor which has been implicated in the
30  death of neurons in acute neurodegeneration (e.g., stroke), as well as slow or chronic
neurodegeneration (e.g., Alzheimer’s and Parkinson’s disease (Loopuijt et al., Amino
Acids 14:17-23, 1998). NMDA -receptor-mediated glutamate excitotoxicity has been

reported to be a major factor responsible for AB-induced neuronal death (Sonkusare et
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residues in the active site were nutated to al ani ne, which cannot be
phosphoryl ated. These constructs were then transfected into 293 cells using
t he sane woavoosbisas descri bed in Exanple 14, part A (alrovra)soiansssvest ed
for their abilities to phosphorylate the downstream ki nase JNK (Fi gure
43C). This analysis confirnmed that threonine 278 30(T278) and serine 281
(S281) were required for activi ty Ant i bodi es were generat ed agai nst
peptides in th cont ai ned t hese

resi dues usi nga‘f Iﬂé%a El \]7(%3029 aﬁ‘%’fﬁt‘b Cﬁé@%ﬁﬂ%ﬁﬂ%&‘c?%ﬂ@%ﬁi ¢ The

peptide sequenges HASHGh b 1inkRARIsE AL AINYEIESIGK ME&M%EQ I D NG
13) for antibodies 317 and 318, and KMpSFAGTVAWAKKC (SEQ ID NO " 14) for

ant i bodi es 31%@@@2@%0@@%@@@@@«%@3@@@ NO 15) for ant i bodi es

S2L a0 922, e, PSRRI TE R AR R ST Bl

unphos phor ¥l atrkide fBRQlehélGrel @5 GRASBALRI0HE | BITK kibdkYout Rﬁéé/&éx@ E@Aerzﬁé’d b}bOdl es
fromsix inmuni zed rabbits were isolated and screened i nding to DLK

and p- DLK. homolgigpuspecqmiingigndn gabirygpicystamba) cells Wbt@h |r@s§lt@deméhes ubj ect ed
to Western bl 3& sefRh df’i‘ég{%ﬁ?dlﬁ %@%ﬂﬁg@ &§§e¥te %’P@iﬁé/#sitfeé ﬂaxﬂ&’ciﬁfe{ n%%u%]lt%giopa t od

abilities to detect I ngui s

DLK or ot her mbﬂmmhtgrDMéteE@hslﬂ-ﬁaE}aﬁmarﬁj a]ﬁbﬂg phibshdsoytyainedssite %3re tEtﬁf
cultured cells, the nedi a s renoved and the cells were washed once with
i ce-col d PBS. Tempyed Y @’E@% combipgip 1pES cshiy Therresultingdat edlls @y o an

eppendor f {jub Qhé?ﬂnje%d i hlofscMtiBocgsth Wré’at@aiﬂn%tl@ﬁlu&ngzhi%ﬁ ‘;\ﬁ?esmgt@zi el was

renoved. The pellets were either shap-frozen on ice and stored at -80C,
or were i nmedivatdeyge inics ¢elgénarate legdrozygeusanpudls e?fw@mmmwnozmouiﬁmk fiM NaCl,

0.1% Triton X-_15100) cont i P5726 and and
prot ease i nhi B Sw%rﬁ& X Tf@%%ﬁtgg)m}“ %QF eéns?@ggfof FPEHMER S %E%E‘Sl%or at
4C for 30 m nwres Kepdteihiamine khakeast ticellas CBhRinRdIe ARt SRhiiHiHoa REhWe/h e
determ ned using a BCA assay (Pierce). Protein lysates were mxed with

sanpl e buffer aPF'rWrI? poydenal ansdiodies (Hissi ebalni/newgscr 6d 10AEA2003a06, ot 0 a
denat uri ngs4- Igg&?ll ent gel (Invitrogen). Sanples 20 were transferred
onto nit rocel l'ul'ose (1 nvitrogen) and bl ocked in 5% m | k/ TBST bl ocki ng

sol ution (Tris-buf Certed] satdnaevere olalb84TbN DDK witdlH) (WY, hitetuaygous Thie/ bl ot

was i ncubated hospho- ti.body at dilution of 1:1000 in TBST
with 5% BSA oﬁﬁg&g?@{) BP%MS%@MSW f’a% liginggyrefedurge CariaEABd t hr ee
times for 5 mmgtS%MJshveT@§Isec@Hgnd eH BRLRS b B, H3R8I . BEeaany

hor ser adi sh per oxi dase 25( HRP )-COI’I] ugat ed anti body (Jackson Labs, 1 5000)

for 1-2 hours FSS fooa® mempesraaBiiCe. Tisdearivaathes tiveratedvia S tived @dAdtivés i n

2031 ool | Sower CORT PO 35 B ERE Rkt BEMEDRER R 0% 3 Bl MRS i o

for i rmunost aidnhdigs. B vweed haf 8 WEtht SR nledRRSEQGLL£ahywi t h ei ther nDLK or
mMWLK3 as 30 previously described and then fixed wth 4% PFA, 30% sucrose 24

hours after transf BahPars dopasireanyel LI wek avtha ATK{sdwmendn 38 nadehass. t1er6 96 BSA,
. T o SR e SR MBS (AR LB A oo
ri nsed wi t h PB&odkhowe enitd imesspams to NMDA exposure. WT and HET cortical neurons were
25  wused as controls. Mouse cortical neurons were allowed to mature in culture and form
synapscs. At Div (days in vitro) 18-19 the NBActive4 media was replaced with ECS
media (Mg free extracellular solution containing the following: 25 mM HEPES acid,
140 mM NaCl, 33 mM glucose, 5.4 mM KCl, and 1.3 mM CaCl,, with pH 7.35 and
osmolarity 320-330 mOsm) or ECS media containing 50 uM NMDA and 20 uM
30  glycine for 1 hour. Cells were rinsed with cold PBS and then lysed in lysis buffer
(Tris 20 mM, NaCl 150mM, 0.1% Triton) for Western blot analysis 1 hour post

NMDA glycine treatment.
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conjugated wth Alexa488 anti-rabbit secondary antibody for 1 hour. This
step was followed by three PBS washes, with the final wash contai ning DAP
(1:5000) wostiaismonucl ei. The coverslip was then caref ulpcy/usedmasisout of
the culture and nounted onto a slide with the surface with cells facing
down on the slide, and the slides were 5visualized using fluorescence

m cr oscopy. Anti bodi es 318, 319, 320, 321, and 322 each detected

p- DLK and p- DLK/ DNDLK wi.th no,(antibodi es 31 319 ver iimted
(anti bodi e5 320, 322 HinyeudBplbitigieny eomaoSonrytas wiorrsqde € acn
In contrast, g sMelYysdtd a5 Q@Tgr%qnﬁh!es&m{ﬁ@nanQ)tnedﬂﬂ%’ﬁg-!Thggréales 318 and
319 showed the strongest binding to p-DLK, 10 coupled wth m nifal p-MK3
bi ndi ng, and t(nustragene Teaxlsfware fhen tresferseadaisipgiag iBlot deviceTheitengen)odi es wer e
al so able to specifically bipd to, p-DLK i.n t context of a cell, as
reasur ed by i Oeds it BeRb Barifabrh dipSe s Boad BrEiu i ned

DLK- t r ansf ect erBEPBikisaRiffefod swhide) 15 Tch 20pRtth $od @AM CReediBdiO bRRSHEVEd 1N
M.K3- transfected 293T cells (Figure 43B). This binding is significantly
reduced in 293newpied oygnight with pempeantibedigsslivcied deawst RhaspkoiNk e8268L havi ng a
mut ati on t hat | £3. i ar | et el hnase..acti vit Fi gure
43C). As DLK, Shdin Teghndlbics, bR ﬁ?%ﬁi%%ﬁffiiéé“ﬁ%n&gﬁ% Thefinloptsbl 9a' o g

aut ophosphor ylrHosphttress (45 ansdIESigedink TehiglofipRls) B cRUAtETEbulihigs®1dat a
further confirmthat these antibodies indeed recognize the hosphorg{ol at ed

form of DLK Zjgma)and®LKntGengatesion Adfantbedieywern gilvedh 1 06q imnd3S hwitk &
Degener ati OB L C h ti | es. cyi bed
above wer e@hﬁs&éhgﬁﬂjf%ag%ggg&g%rgt er ‘%Qgh%g Bﬁg}?ﬁ g@ftgﬁgglﬁgﬁag%dti vity
wer e i ncr easedwithhHBBrdohjuighted axti-mabbit tdranddnpshtibobieefor 3 thoass ecorimdniperature.

vincristine. This would be expected, as knockdown of DLK activity pronoted
survi val . V%enBB’r‘%‘O(ﬂeggcecPéél?r‘?’?f ?f“glfﬁ?\}’é“eéﬁﬁg thep gicubpteg wih ECh(Prosgseak for 1

hour, |l evel s qfy PHRRROOBNIAL&GEH il HREiRe Bl RUANRBIBOP A Shd QsERNt T Ol
cul tures when analyzed by Western bl ot {same protocol as described above)

usi ng anti bodi es 31®,degt@ineahitie B2 KPicgtticel ZBMIns wEhi moprmostededtiagdainst her

val i dati on 30t | evel 5 of hor vl at e orrel a ifh activity and
are incr egé ed ﬁu‘ﬁ?@f m\é'd(f?ainfa'ilr8ﬁag%ggenﬁ@ﬁf’%ﬁ%qqasgpé@@&gw% t(@m %éf%l? &fiand
Activity of Dlsdyed et ©0fbTH S6B56n-MAkkRLEve LDH assal KITWPRRIcE4)a6 BeBisshe Y
assays were performed as follows. SOD1 transgenic ani mals were perfused

wi th 4% par af simparteisgl deathdCeorisaldsiioas fremrWd . RET eanddpldf O pigeevsyed from

t he vertebral : =fLX ver.ni T : re 5 then
equi li brated iC%Rg%g/}gSlg%é@gf%lg%bggg%e&%g%r% ‘?e%e 6@?’%1‘1 gér))gng?u%@ecti oni ng.
Coronal secti an8ufe28d firm dyhapsks) Avedie 18+it9 Nibwctived niedth vaus reghadd stithdassS and
kept at - 80C. Sections were h¥drat ed in PBS and bl ocked for endogenous

per oxi dase&Vactmefia §f Ky spniainine >S9 o MYMDA peky0 plyelyangdhop dhawr: Alsr Med by
rinsing tw ce pym 9 ' s E r ed in
5% BSA, 0. 3% Pt ‘gﬁgﬁ&}b}%@wyﬁé 128 gl 183%@%‘5%%3 %d#guﬁl? é%% th
primary anti bowye perfqumbBl K2 hourd W dBPé; manBadities’s protoell(@taTiox PBS Min-4C

overnight. Sligdes re she hree tines in PBST and then | abeled with
bi ot i nyl at ed slgaglf’ﬁ\égvreyc}\fa,r\%ﬂﬂﬁ {g/*f‘s(aﬁ’é‘aﬂﬁga?-n_ PBS containing 1% BSA, 0.3%
Triton X-100 for 1 s5hQrof njdafin® rbA&acH\EuSoral thiiwh Was B&= tn tlf%lﬂlﬁ%ga;by a 30-
m nute incubation with avidin DH containing ABS reagent (Vector |abs), and

finally 18Pncubatrdidg inthperoxiadase’ssusstticase ThOa085%t df LRHi misasseradi zi ne i n 10

" the dark 1 O aso R wiDe e B Wae et el o adin gl 1

wat er, and t heveseBkddonsh WamEfadtiieNpRdided 1yalsda e hhd @i IG0M e¢1gdst pped.
Al zheiner's patient tissue was purchased from US Biological. Tissue |ysate

f rom hi ppocanpieading Aophwe!ipeyithsnqiMIphireatagel).apeCytotoxicity = (NMDA Treated —
Untreated)/ (Max lysis — Untreated) X 100.
30 The results of both the Western blot and LDH assay are shown in Figure 53.
Cortical neurons from DLK KO mice were more protected from NMDA induced

degeneration than the WT or HET controls. Furthermore, the neurons from DLK KO
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20 matched controls were used for this analysis. Analysis was conducted by
Western bl ot using the sanme protocols as described above. The results
i n Fi gurewoddidsoonast rate that the | evel s of phosphoryl atedrsRuko§zoOLK)
were highly elevated in the SOD1 nouse of ALS relative to wild type mce
| ate in the course of disease. Evidence of p-DLK was evident in tissue
sanpl es as 25early as 14 weeks (Figure 44B), which is prior to the onset of
ALS-1i ke symptons in these aninals. Simlar_results re opserved in
human Al zhei meP<s shester drreelargivaion ofithe INIYENE 297 PRt BRRVAR: dBF IR &hmpl es i n
Al zhei mer’ s digp8aherRatd &h$HI9R0HE mﬁq&&@a@%éﬁh%ldv%é SRR ERboianp! es
(Figure 44C). The levels of phosphorylated JNK and 30 phosphoryl ated cJun63
| evel s were alnstronpreatedseith NVIMA zhmpared tosundiegied seurpast indinttmgraetivationef t o
control sanpl Fi qure, 44C) .. Thus, K jsagctiyat in a recognpi.zed nouse
nodel of ALS, %ﬁeo%ﬁm FP‘%PW?Y&' oy e&ﬁsg‘FDlr%’Fisso)’;R‘ﬁ?Sé’ﬁ%ry%ge& Cillm’tp?’lga ‘ﬁjéuyéflbge of
di sease, and ah$DLKIKO@edrbfstreatdaeN MDA Rnitimcanthabbed fRfive tdti ents. D.
Signaling Contri buti ng to Qbserved DLK I nhibition Effect 1. Ml ecul ar
Ef fect of DLKUSirFdetPhE KAgcwonyadicaingaadeotastimatianpf tesepatipyays § thenci ng
protects neur ; : ' | | e . grow h
Pactor witndr sar PATEEPREPIARN Ak SHRIRG. [ ML SHRaR g
i ndirectly in upNiecaphefshhBNKAchin and.p3 Expess revpoiss putawaygiachoicaeduions assess | NK
and cJun expression_.a ctivity under NGF withdrawal stress and
t oxi n- dependenfdi&ds @éggkgﬁﬂiﬂt ygiegtantrrgnlderl meprontldeaty dgyaetsee of (B t o
decrease tjpe exd¥AsPLRNoBEicH-K (si RNA) and for inmmunoblotting were the sane
as those described above. Sil encing of DLK did not change baseli ne
JNK protein |evel s lgs al3iNkotawbithy thyt DK PREsin develsondréasabignidiganslysifieFi gur e 45) .
p

DLK knockdown h . y | evel s after either. NGF wi thdr aval
or i nori sti nd RuponthRAERIE aphiel R Rl bt Sl pik 08 2

synpat heti ¢ gagg@kdgalaie bf QRSFespbh@Us MO inddckd KApslatanas & oK gessiaaser p- | NK
| evel s after either NGF withdrawal or vincristine-dependent stress in

cortical neur sAEelaavithRsuromaldagencadion. |t shoul d be noted that the p-1NK
anti body rgcogni zes the phosphoryl ated fornms of each of JNK1, JNK2, and
JNK3. JNKI phosphoryl ati on does not correlate with stress induction or
phosphoryl ati on of Exdmple 190 DLK knockdown sil ences stress-induced
phosphoryl ati on of and JNK3.. The hackground. sjgnal observed in the
control sanples in : : RIS PR OBhosphor yl at ed | NK
1. The results showytih@ter lvKstilalc@RCIMGoAPLIRENBE nbRBhBiclifNodRE N0t Ccause
degradation of INK or cJun, but does result in a |l esser degree of

st r ess- i nducedephosphigmyicardnsrth¢ presench opoadiorditedchuinypiciwm wap Exantingke
25mol eculgg. ... 1f. DLK inhi.hition protects neurons.fr tion

t hr ough | ?rﬁn ting ehberal%%%eﬁkgr‘?&a g a@ﬁ“"g?ssﬂ‘i{ﬁ‘&@% FRESY ﬁ'gh?lg‘%m ofs of
JNK2 or JNK3 shatdrd-abstuddl @il ekpra@iie dontih@ithekive deatdt DN c@xafing
degeneration. The ability of direct INK inhibition to protect neurons

agai nst NGF wiothdbalsusingaipesdemeinddeeh BdcH6h andescripdan §emaibsded. DRG
expl ants were, ege wh4_ he NGF and either pan-1NK inhibitor JNKV or
INK VIT1. pri o\fe&tﬁ%&ég%g‘gﬁ%%t%?gh the NGF wi thdrawal assay described above.
Bot h i nhi bitors weSeedfiadlyt o2 pi.abechtrDRG Xprdot’sifhl gaoNeFddpeat eGP

[ Fi > JNKV bi ochem), . was nost otective a
degener at |29n T A%L{; SL%@] was steregtgaxailcallly inﬂ:ct@i into the cortex,%lippocampus, an }or

striatum. Five to seven days later the mice were sacrificed and perfused with PBS
followed by four percent paraformaldehyde. Brains were dissected, cryopreserved in
30% sucrose/PBS, and sectioned. Immunohistochemistry for phosphorylated c-jun
was performed by blocking the sections in 10% lamb serum and 0.5% PBS TritonX-
30 100, and the sections were then incubated with 1:200 anti-phosphorylated c-jun
antibody (Cell Signaling Technologies) overnight at 4°C. The next day sections were

washed with PBS and incubated with fluorescent secondary antibodies for two hours
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concentration of 5 1AM and JNKVIII (Cal bi ochen) at a concentration of 4 M
To identify which INK(s) were involved in the observed protective effect,
further kwockdwmsmoexperinments were perforned using the saemawscewiszios ogy as
descri bed above. Silencing RNAs specific for JNK1 al one were not able to
replicate 5 the effects observed with the pan-INK inhibitors (Figure 47).

I nhibitory RNAs (siRNAs) for JNKZ2 or JNK3 al one were not able to protect
DRG agai nst axon degeneration upon NGF wit hdrawal (Fiqure 47) The nost

ef fective protdiayimpgtsssashedpeain WithePBS aaksrversipred; driarligeds ot h INK2
and JNK3, tho si DLK

al one (Fi gurquj%‘%y&g ?&PE&.?I?@E?H& ﬁ??\l/ éosg{gglcglggﬁﬁé{é@?iéb@%ﬁom to be
responsi bl e f ghospbor- Jnnfﬁfﬁ’mmailﬁ&ecd}sdvesgquaﬂmﬁedmraughmutdmemxkaehrreiasedi‘diiz and

JNK3 are known to ‘F%}S‘P L@& i nvol ve in cJyn activation and
apopt osi s/ axon deg W% &P %ﬁumnsj’v NFH £ un POSHVEYR 1§35 4345,
2002; Coffay afaifd ofimide 1ﬂ\f§'d-t'éd)\§ﬁl'1 AAROGEP b ABRZPHYRY3. ZQ90) Kk XPeinfRfl that
DLK inhibition results in a | arger 15neuroprotective effect than INK 1/2/3
i nhi bition st roikgghsd f@wgglelgmgsnlmeum&cpmpmmobthcw GEP anfected miver dVe
mechani sns of netueronu% wthlan /[ or sur¥ afl } L&lts role in the
TN CIUN pat iyt ERigghe R Bho B GHel faosnl BiaplifioL & ciiiston
suggest ed t hatbyansloghg adlts dlaﬁgaﬂab\élédWlfha&,QVdHﬂd-LlZlih:ﬁmsofeQ% 1sed GPRKnd K1 52A)
causes trophic effects in dopam nergic neurons of the sub stantia nigra
par s corrpactaPhWi%\PédEna s eaataiHegbeth peclapind GFP euld eesbe deisFiagionl y t he

| euci ne zijpper ;

Neur osci . éA gg@“%ggqggg%gn é\ﬁl\ll(ﬁ)&'?1 ggﬁ%ﬁﬁﬁ&ég@rﬁﬁt%gﬂl@%@n&]1)*" S study
was defi ned bysupp"res%Ed pinspleagledd oynberprasion) Kdedl p2M)n amdf @ER pebitheur ons
expressing a particul ar rker rather . than any func %I nal or por phcfbcfgl cal

di fferences beFWRBHVFERGT AaepmBIse ifertekviEliths i B8 Y verieri Ysqene
silencing was t%%&ﬁ%&ﬂn bm@&ﬁlhmtn@gaive f&RY drirsiat 15%&@&{1»% 4389 [0 The
protocol s used for these studies were the sane as those described above.
30DLK knockd omﬂm%@mb\hmqn@f haweplmsplﬁﬂyﬂn@@daﬂdra@pwtlcneﬂﬁlelct5§<npwn toplay
cortical neur ons, anglelﬁénrgj ? rc'l%ure%ns gobserved i ncrease in nunber of
cells) (Fi'gures XA §]§3p peC| R §Taf1 DRG cortical, and synpathetic
neurons showed WO 2011/050192PCT/ US2010/ 053596 i ncreased grow h/survival
in culture when treated with si RNA directed agai nst DLK (observed increase
in growth) (Table £3mple20 Taple 13: Increased Giowh of Miltiple Types of

Neurons in CultureRftien: REKS. Kickdawn SMIT. Assay

To further examine the role of DLK in neuronal protection, the effect of DLK

20 was examined in a seizure model. Specifically, c57BL6 mice were injected with two
microliters of AAV GFP or AAV DLK-LZ, as described in the previous section. Five
to seven days later mice were injected with 25 mg/kg of kainic acid to induce seizures
(Yang et al., Nature 389:865-870, 1997). Seizure intensities were evaluated on the
Racine seizure score index every five minutes over a three hour time period.

25 The results from these experiments are shown in Figure 55. Mice injected
with AAV DLK-LZ had reduced seizure activity as compared to the control AAV
GFP infected mice. Our results are in agreement with previous observations of the
JNK3 knockout mice (Yang el al., Nature 389:865-870, 1997) and strongly indicate
that DLK is a major upstream kinase responsible for the reduction of seizure activity

30  in this model.

This data supports the critical role DLK plays in excitotoxicity induced
degeneration in vivo, which has been implicated in many neurodegenerative
conditions including stoke and Alzheimer’s disease. Thus, DLK inhibition protects
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Condition %viability (normalized) Cortical neurons control 100 Corti cal
neurons + DLK si RNA 137 Synpat hetic neurons control 100 Synpathetic neurons
+ DLK si RMO208%5DR% neurons 100 DRG neurons + DLK si RNAPL47US200/05350¢ her
exanm ne the role of DLK in neuronal growth, the |evels of MAP2, were
measured, a mcrotubul e associated protein that is specifically localized
to 10dendrites. MAP2 expression in cultured neurons is reflective of
neuronal maturation, a d eSSIO nd | of ten. increased under pro-growth
condi tions. | MHISHE itgHe B r@%%g%ﬂ“f?nw Han%ﬁﬁﬁs%seéea@mmﬁ% negative

| euci ne zi pper formof DLK or a dom nant negative kinase-dead form of DLK
in neurons resulted in induction of MAP2 protein production. The induction

of MAP2 expreéﬁhﬁﬂﬁnhﬁhnaLes that neuronal 15 growth and maturation are
taki ng place, and f ?r confl thaég knoc down i
[? S Cl1 é

funct | onal tfophic SRS g R AR ndaeP e
herein identi fyyadfefayessal cdch hmdavla@il publicafoPbQa@ind feRNPedHically and
individually indicated to be incorporated by reference. Use of singular forms herein,
such as “a” and “the,” does not exclude indication of the corresponding plural form,
unless the context indicates to the contrary. Although the invention has been
described in some detail by way of illustration and example for purposes of clarity of
10 understanding, it will be readily apparent to those of ordinary skill in the art in light of

the teachings of the invention that certain changes and modifications may be made

thereto without departing from the spirit or scope of the appended claims.
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20 protein coupled receptors (GPCRs) that decrease degeneration in neurons.
Experinents were perfornmed in DRGs to verify the role of Gproteins and
GPCRs i n wegenarsatozon pat hways. The experi nental protoceC3/uss@d/05359¢ hese
experinments are the sanme as those described in Exanple 14. Pertussis toxin
and SCH 202676 were purchased from Tocris Bi osci ence. 25The data
denonstrate that SCH 202676, a sul phydryl -reactive conpound that inhibits
agoni st and antagoni st binding to G protein-coupled receptors, decreases
NGF wi t hdr awal - i nduced degeneration in DRGs (Figures 49 and 50). Pertussis
t oxi n, anot her i nhiWhitas clafne@ipr ot ei n si gnal i ng, al so decreases
degeneration in neurons following NG withdrawal (Figure 51). These data
indicate that G proteins and G protein coupled receptors play a role in
neuron degeneration, ﬁﬁefmh@orlﬂmbﬁng;bm@}hmg@kéeﬂklaﬁoﬁ O H2hftal def@nti fied in
t he assays described herein, and 5 play a role i n degeneration

pat hways, are e dEN Shheurtr 0bepalrtloattl®morﬁ, th¢ gln‘dulod ngnpammg/\aymamd:nng ®

downstream t arge e. transcription fact CE4 rrents wer e
er for med | n- HIEESSTRER RaEPLTE: PR Ehe i ReorspEsi BRI and
TCF4 i n neur oryisiRgeaRingkinbe (DINE). experimental protocols used in these
experinents are the sane as those described in Exanple 14. 10The data show
that expression of a constitutively active GSK3, which can result in |oss
of bet a-catenin, nédiﬁl@@seﬂwddﬁalaéadewmeim@ggmmﬁbaﬁﬁ inhibited ¢FipgemeateB 2 t op
ri ght panel). The ex r}?ssh%n of r§ %nt%n% at| ve formof TCF4 al so
medi ates a decdPeR¥E ¢ W& 8%’?/(? b7 P §’/ ?qé (5‘ 52, bottomright panel).
These data indicate that the beta-catenin signaling pathway is inportant
for the nmai ntenance of neuron 15viability. Inhibitors that target the
bet a- cat eni n si gnal ride prathadeny clasm 1pehersiadhe GNSmewen és Wbﬁ'?eérﬁoée@éﬁé}uﬁtl on
(e.g., inhibit i
R S g S L
prevent axon d&g@meratl on and neuronal cell death. 20Exanple 18 Neuronal
Degeneration is Reduced in DLK Knock-Qut Neurons Si nce DLK knockdown
protected cortical neurons fromtoxic-induced cell death, as shown in
Exanpl e 14(B), expay imemehoRirelpfNif RhaTes thOCRE SN Wikk HabpRG Qe ons
whi ch | acked DLK woul d al so be protected from axon degenera Ft)l on/ neur onal
apopt osi s caugedropy N-net hyl -D-aspartic acid (NVDA). It has been shown that
different stress response pat hways can nodul at e neuronal degenerati on
depending on the n ur naI btyf) qr L]oxw |dn ult utiliz uﬁ i([);?n
agoni st of the NMVDA' AWRIAR  yRerpa s d e o tSt"h%t ’:”sf’ét%i fh of
neurons in ac Lﬂe@reﬁb%liﬁ qﬁe@g@@fa@abh 8Da pépulhtion BF hAUFSHs as BSmPAE toASpHuRTORT
chroni ¢ neur odegener ation (e.g., Alzheiner's and Parkinson's disease
(Loopuijt et aif neurpps oo ragpdiwith dhepert3, 1998) . NVDA-r ecept or - medi at ed
glutamate excitotoxicity has been reported to be a mgjor factor responsible
for Al3-induced neuronal death (Sonkusare et al., Pharma. Res. 51:1-17,
2005). G utamate exciTheh@diodiof yny srbusethime Wsowatreinahd agdewit n asoink 60 been
| i nked to several CNS disorders including cerebral ischem a, Al zheiner's,
Par ki nson' s and-+38P3 W8t on' s diseases (1d.). In order to test the effect of
NVDA on neurons which | ack DLK, knock-out 5 mice were generated as
descri bed bel ow. DLK knock-out m ce were generated by

7. The method of any one of claims 1-5, wherein the agent is an inhibitor of

DLK expression.
8. The method of any one of claims 1-7, wherein the agent is selected from

the group consisting of an antibody, short interfering RNA (siRNA), polypeptide,

peptibody, antisense polynucleotide, aptamer, small molecule, and polysaccharide.
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honol ogous reconbi nation in enbryonic stem (ES) cells, which resulted in
the insertion of a neonycin resistance cassette and LoxP sites flanking a
genom c rwgion/osereai ni ng DLK exons 2-5. Exons 2-5, al orgTaistéronbisseeomnyci n
cassette were then renmoved via Cre nmedi ated reconbination in ES cells. The
resulting ES cells were 10 then injected into nouse bl astocysts to create
chinmeric mce, which were mated with wild type mce to generate

het er ozygous ani mal s._ Two K .het erozygous (di k+ ani mals re mated to
generate DLK knock-%J?‘%’f‘Fﬂ?u@cﬁCEBF 8e¥ %?mmgodpwésqg%d fggmlﬁl%rﬁ‘r‘lbt einin
DLK knock- out Jagh§&Qing@%a _Ql}leoﬁél‘%ﬁtiﬁchfy?hi%bm%i%%o@hi\%efril% ahif§bggnt | - DLK

pol yclonal antibodiés (Hrai et al., J Neurosci. 46:11992-12002, 2006, and
15Genent ech) . humanizeCantibodwn[Fviieagmenis Felefragnient| Fab eliagnrentmaii K(ahi )b Gagmee. (W) ,
het erozygous clle r (HET) and knock-out (DLK KO m ce using the follow ng
procedure. Cortex from E15.5 enbryos were di ssected and then dissociated in
0.1% trypsin, 0.1%DNAEEmbthoBSBchiE 8 30hdidin tHeRgemlis #ldoted TronS R gr@p t hen
triturated in NBActived4 (NbActiv4- 20100) using a P1000 15 tinmes and pl ated
on to PDL | anicAnsistegad e sfiiid asolpqyloarzeting/BLK, aredRYA raeleeue (gegeting INK1f ed

with fresh nedj.a; - f such as
the ING o. | un BadoSatlck GRKe INKo, an SN B e MR E A0 a1
downst r eam t amgdtaileyh dbinkhanetega@fef formh ofIDLK, Dkifasendead f@ti of/DIAE and r esponse
to NVDA exposure,. WI an%\éH T cortical neurons were 25 used as controls.
Mouse corti cal MBS WRPE: al | owed to mature in culture and form synapses.
At Div (days in vitro) 18-19 the NBActive4 nedia was replaced with ECS
media (My2+ free extracellular solution containing the follow ng: 25 mM
HEPES aci d, 140 niMiNaThs m8thodif ghyumesé clansl - wetein thecddtigstednegGa@i2, with
pH 7. 35 and ogéq?éari(tg}/. 32(‘11- 33% nmXxsm or ECS nedia containing 50 p. M NVDA
and 20 ttlA 3 STRE PEFYHEGF Y 8el 1's were rinsed with cold PBS and then
lysed in lysis buffer (Tris 20 mM NaCl150mM O0.1% Triton) for Western

bl ot analysis 1 hour post NVDA glycine treatnent. For the Western bl ot,
reduci ng agent andI%D%h‘? wathod g wufgneof plainsaltd bgvhereip themeghask fugtagr] | ysat es
and boiled for 1 - 1.20%6 Bi s- Tr | I nvi trogen).
The gel s were t 8{%&{3%@2 %?} g@hﬂg‘g?é}%@% %ug%n%ﬁteévﬁ@na Iprzil@?lgr%gar(en) accordi ng
t o t he manuf actimirgsttasios pehi hgaamt i ons. Bl ots were bl ocked for 1 hour in 5
TBST (Tris-buffered saline, 1% Tween 20) with 5% m | k. After bl ocking,

bl ots were incubated overnight with primary anti bodi es directed agai nst
PhosphoJNK (9251L @gl finSihgish bghylRie Rnehog ﬁ%@,,wlﬁr@éﬁl@@wslﬁ&}h&@i%?;lés@&el !

Si gnal i ng Technol ogi es), Phospho P38 (4511 Cell Signaling Technologies),
Monocl onal P- Twbbimngn pB201 Si gma) and DLK (Genentech). All antibodies were
diluted 1:1000 in TBST with 5% 10 BSA. After incubation, blots were washed
three tines in TBST and then incubated with HRP-conjugated anti-rabbit
secondary anti bodi 8. The mthB@UrF claiim I WHetc@RBIalstérife tRheTNIWufHnONCe agai n
washed three tinmes and then incubated with ECL (Pronega) for 1 mnute.

Bl ot s were an&PYPEess gdmuestpligrakiheascah ooy pergbiabistcaier. To
determine if the DLK KO cortical neurons were nore protected agai nst 15
NMDA i nduced neuronal degeneration, |actase dehydrogenase (LDH) | evels were
assayed usi ng a Cyt&Toke ®6ihnd ohdanr & iwdacin adnihibidriag sajie KINS dekfomriega) to
assess the anount ,of cell death.. Corti C?| eur og’fse fromW, HET, and K KO

mce were cul CHPEH VY ApadRyRIgEion Koese Jeony fegrqup copsiting L pasPerakl | owed
to mature in GiduthhEoBNHrhRNBLS HRARSRSncal intfdc¥eddr, FirahBAGK ME4AmTBMA Was
repl aced with ECS 20 media or ECS containing 50 t M NVDA and 20 ulil/1

gl yci ne for 1ineeulapintraprtariab intelsoial infogon, mpdimplEah delvervelsvizeed Wit h
conditioned NBActive4 nmedia. LDH assays were perfornmed 12 hours | ater per
manuf acturer's protocol (CytoTox 96(r) Non-Radi oactive Cytotoxicity

Assay- Promega) . 50 |é.athdhethBdbLuhyfone o gaeks el rant chapint dinM@gngsed in
the LDH assay 25according to the manufacturer's instructions. The anount of
LDH rel ease w&8e gilimpieiafdidgna pharmsesnsical2gentagai nst maxi mum LDH r el eased
(reading fromwells that were |lysed with manufacturer provided |lysis
buffer) and m ninum LDH rel ease (reading fromwells with no NVDA
treatnent). % Cytotoxicity = (NVDA Treated - Untreated)/ (Max lysis -
Untreat ed) X 100.
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30The results of both the Western blot and LDH assay are shown in Figure
53. Cortical neurons from DLK KO mce were nore protected from NMDA i nduced
degener atwonotismioehe WI or HET controls. Furthernore, trhe/useanossds rom DLK
KO m ce showed reduced activation of the JNK/ cJun and p38 pat hways. The

| evel s of phosphoryl ated cJun, p38 and JNK were el evated in wld-type and
het erozygous neurons treated with NVMDA conpared to untreated neurons

i ndi cating activatign..pf the. various th However, .the | evels, of
bhosphor ylared cout - BBematias PRRY e sP P Re tbehit F adtitiut P Ths h navoa
remai ned unchapgfdesuRd Atd dbBrehs ih MEKWHoERRhA&0RLINIKGL RN ! 4aforiTRE cating a

| ack of activation of these pathways in the knock-out mce. These results
further supporckPre$feox ol e of DLK as the nmjor kinase upstream of the

JNK/ cJun and p38 stress response pathways in cortical neurons and indicate
that DLK is an inportant regulator of neuronal death downstream of NVDA

10medi at ed exci t ot @8i Thé hethod of anyl dneio$ clainsol -NDtvehsedii thye atimatistédde qImied ei n

| evel s increase signjficantly after treatment with NVMDA (data_not shown).
Thi s obser vat i8¢t &salls inpslepieateds chmwhggpharyiationy dyppeiivew. /4 KBy esponse t o
NVDA i nduced newoingl stress as DLK protein levels correlate with neuronal
degeneration. 15 Exanple 19 DN-DLK Injected Brains Lack

Phosphoryl at ed-cJun neurons To further investigate the role of DLK in the
neuroprotection of .central ,neryous system neurons, .the presence of
phosphoryl ated cJ urllg'( Eﬁ%ﬁlﬁﬁ'ﬁ‘fg\ﬂg%“y&?ﬁﬁ? f’llé’&nszbﬁ’ﬁ”qﬁf%ﬁ’ﬁra WHESt?rH]gé)gtﬂéed with
an adeno- assogixé @uNd lSdeBrRleas @9%@5&&1&%& ActRity AhdRBOH- associ at ed
virus expressing a dom nant negative form of K containing only the

| euci ne zi pperxpiesitdon ( AAV DLK-LZ), as described in Chen et al., J.
Neurosci . 28:672-680, 2008. Specifically, 1-2 iL concentrated (1012 or 1013
viral genones/ nml) AAV GFP 25or AAV DLK-1.7. was stereotaxically injected
into the cortex, h2ppUhampthsd obElaho12 St I3 aherdin the yRichohas eyt dalysf | ater the
m ce were sacrificed and perfused with PBS foll owed by four percent

par af or mal dehyl§¥elonsigs parggseenegntive diseasg or enfdpeser ved in 30% sucr ose/ PBS,
and sectioned. | munohi stochem stry for phosphorylated c-jun was perforned
by bl ocking the sections in 10% | anb serum and 0.5% PBS TritonX- 30100, and
the sections were £heiihé methbdvedaim 1(h wheOthantureddposqitorydistedrc- j un

anti body (Cell Sj.gnali Technol ogi es) overni ght at 4C. .The next day,
Sect i ond wer e CHEREES i EH M PRI B o PN mE sledit | BatRRiN? y
anti bodi es f owiskx¥e, MEkihSon’ $disdaQ) PhlkEBEE P dBscadbR BB raflal RudMitshlerBs and
coverslipped, and analyzed on a fluorescent mcroscope. Single phospho

c-jun positi véAER) isshemid. dokb|ieirdcgine] bempitensprsrabryl hehaErepdsigenipal cel | s

were quanti fi 0 ] b Cli i gur.e 54 shows the
nunber of neur%glgé&\%h?%%&g%ﬁx%?ﬁ%h#%%?{e is\r})eﬁsslhﬁl?] %S@i egﬁbé;%‘flsﬁsm ugflﬁzrlrri ce

i nfected w t hdpdNphPrauresSiAY nidlséddrdiropfyy pBhidrl Idtetal bdabsis(FIYe had few c-jun
positive neurons conpared to the AAV GFP infected m ce. W next exam ned

the cell aut oR¥HIOR AT PalsY REPLIeRsive RuIber Préyyathvd MRy AR, Pkedtedn by
anal yzi ng cel hﬁ,sagmkﬁpﬂlﬁhﬁleﬁebrwd%g%@ér%& Eévfcgla%%@ﬁ&isegle&&scﬁ%gde P and

phospho c-jun. Neurons containing both p-cJun an coufl d not étect ed
in thoracic outlet destruction syndromes, peripheral neuropathies, prophyria, multiple

system atrophy, progressive supranuclear palsy, corticobasal degeneration, dementia
with Lewy bodies, frontotemporal dementia, demyelinating diseases, Guillain-Barré
syndrome, multiple sclerosis, Charcot-Marie-Tooth disease, prion disease,
Creutzfeldt-Jakob disease, Gerstmann-Striussler-Scheinker syndrome (GSS), fatal
familial insomnia (FFI), bovine spongiform encephalopathy, Pick’s disease, epilepsy,
AIDS demential complex, nerve damage caused by exposure to toxic compounds,
heavy metals, industrial solvents, drugs, or chemotherapeutic agents; injury to the
nervous system caused by physical, mechanical, or chemical trauma; glaucoma, lattice
dystrophy, retinitis pigmentosa, age-related macular degeneration (AMD),
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10 AAV DLK-LZ injected mce, indicating that the dom nant negative form of
DLK suppressed phosphoryl ated c-jun expression. |Indeed, p-cJun and G-P
positive weununsowwere only observed in mce infected w POTIUSRO1MANSSE-P
vector. W conclude that the expression of a dom nant negative form of DLK
is protective due, at least in part, to the inhibition of c-jun

phosphoryl ati on and activation, which is known to play 15a role in neuronal

apoptosi s and degeneration. Exanple. 20 Dom nant-negative DLK Reduces
Sei zure Int ensﬂg‘f’g’rec‘?ﬁtof theerRspll ?ﬂci?éedt‘WB?OWStl ‘E_r‘]jﬁfA _OiﬂFFr Fét*onal
protection, ”H%\g)éﬁefa%%hz Shic BbKe ARhs¥RDpEE Al ERhy, BrcPoptitinéiiiR. model .
Specifically, ¢c57BL6 m ce were inj ecFed wth two mcroliters of AAV G-P or
AAV DLK-LZ, as described in the previous section. Five to seven days |later
mce were injected. with 2 kg of .kainic acid to induce seizures (Yang et
% Nature 389: 36328 /b meRsaTy tedeyte o infv B piedy I SIS Ed St he
Racine sei Zur eictaé@nbiiRXdiSSE o dohdiBioR totbindatRiinidleting @Fa BHPYAt dnlalBht
period. 25 The results fromthese experinments are shown in Figure 55. Mce
i nj ected wi th theinhipik thyadgiyiy peeripeessios of thgdaaldevcing zigpegrbeasivgbiesd to t he
control AAV GF(EL fected mce. Qur results are in agreenent with previous
observations o e | NK3 knockout mice (Yang et al., Nature 389:865-870,
1997) and strongly indicate that DLK is a nmajor upstream ki nase responsi bl e
for the reduction qf seizure_activity 30in this npdel. .This data
supports the criti %éi #%?@0&%15%%&% BREICEURHH AP dr SRR YEFEh T at i on
in vivo, whi Choh@foReshdsiY danRhieerihdo B e NS QU ASH Rl Ails VR £LA0M &i Ons

i ncl udi ng st ok(e) an?j Al zhesﬁréler' S 1di rs}e‘(%':lsoe. 'Ilﬁus, a%LK I nhi biltsi on pr%}% ects
neurons in thexpression afthadial laupige agpértbeanngkinasgsDhi).a di sease rel evant
stress. Ot her Enbodiments Al publications and patents cited in this
specification are herein incorporated 5by reference as if each individual
publication or patent UsebearsRest thitGaibys BOactivitdioY b:gpiekiol of idideatiedidio be

i ncorporated by reference. Use of singular fornms herein, such as "a" and
"the," does nd&tpPekbeagae kinger GH4)gn thermarméachne peaspedieamept glatimhibitter m  unl ess
t he context indi . r the. i nvent | . n
described in 3) génv(eéglégtg %ﬁtnﬁraggﬁc/)\g%&égrgll l%lel;r\ﬁdsﬁltg %%?ﬁ%ggtggdl eg{}\éh% ae& OPT(IJ&a%ﬁIr%gtgs es of
clarity of 10understanding, it will be readily apparent to those of
ordinary skill in the_art i ight of the teachings of the invention that
certain changes and”mmd ?f‘?eé’glclaéfﬂg‘lﬁﬁl}“ﬁé tlﬁa@‘?%“é@??r%f‘isr%‘ﬁf’f Bepar ting
fromthe spirishmplonRGPRE 1R likellBo RRAYRAGEDIRS AlTBrodedM@htiteSdifadd gBd 1'S:

1. A method fof Inhibiting or preventing degeneration of a central nervous
system (CNS) meudiben. or a portion thereof, the nethod conprising

adm nistering to the CNS neuron an agent that inhibits the activity or
expression of the dual |eucine zipper-bearing kinase (DLK). 2. The
met hod of claim 1, 26heheide oFeBanebavh@én it dedfidbidneftios dikka8y &ndoaditibn t he
axon or the cell body portion of the CNS neuron. 3. The nethod of
claim1, wher ésstlackd ftomsthsgrruprropgstgg ade dddefpeshdissesegvuipngionsdissabtg of a
cerebellar gr (B oRE - i ron.

2 The mot hod Ta B Qke, Pork ki & Bhus ARUED BBl i RRECATRE (DEYI D

neur on. ischemia, stroke, intracranial hemorrhage, cerebral hemorrhage, trigeminal neuralgia,

glossopharyngeal neuralgia, Bell’s Palsy, myasthenia gravis, muscular dystrophy,
progressive muscular atrophy, primary lateral sclerosis (PLS), pseudobulbar palsy,
progressive bulbar palsy, spinal muscular atrophy, inherited muscular atrophy,
invertebrate disk syndromes, cervical spondylosis, plexus disorders, thoracic outlet
destruction syndromes, peripheral neuropathies, prophyria, multiple system atrophy,
progressive supranuclear palsy, corticobasal degeneration, dementia with Lewy
bodies, frontotemporal dementia, demyelinating diseases, Guillain-Barré syndrome,
multiple sclerosis, Charcot-Marie-Tooth disease, prion disease, Creutzfeldt-Jakob
disease, Gerstmann-Striussler-Scheinker syndrome (GSS), fatal familial insomnia
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5. The method of claim1l, wherein said admnistering results in at |east a
10% decrease in the degeneration of a popul ati on of neurons as conpared to
a popul atworroofosamar ons not treated with the agent. PCTAIS20i0e53%e¢ hod of
any one of clainms 1-5, wherein the agent is an inhibitor of DLK signaling.
7. The nmethod of any one of clains 1-5, wherein the agent is an inhibitor
of DLK expression. 8. The nethod of any one of clains 1-7, wherein
the agent is selgcted from.the grogp consi sting of an antibody, short
interfering RNATK s‘?qiém&)SPO"pﬁﬂt%éﬁﬁp dorgilan 1ok curiseas epilcens Poidgmeeidot i de,
aptamer, snal o il&ChLGe dafhe RAISEE BE CHRIhESo toxi & g nitBirod of
claim8, wher eciogﬁt he ant | bo 37 I's sel ect ed f?gﬁctcﬁglpé“rl%ub ecgﬁsi sting of a
pol ycl onal antindsthal sateentds doga br eremoletipeutadigastsi iojuantol tbodsryoususysiezed

anti body, Fv fragment, Fab fragment, Fab. fragnent, and F(ah')2 fragnent.
10, The- et hod“BOBY SPHT. naBRRT bRt Tre: B eBPel M ORE gr oup.
consi sting of :re@ilti$hiMendd®, 8sditcRitddhS@ildr ABgdabibtioR A IIDRNotiéeptel € tar geting
JNK1, an si RNA nolecule targeting JNK2, an si RNA nol ecul e targeting JNK3, a
smal | nol ecul elegenerpbion assaciated gath wes of dryrAMD, DIhky regindd idpgeneratiem@ptioperveof DLK,
and conbi nati g her.eof . . The.method of any one of clains 1-10,
wherein the a nfﬁ%é%gggﬁaoP%h¥ﬁ%déﬁgnﬁgﬁP%ﬁ is performed ex vivo.

12. The method of any one of clains 1-11, wherein the nmethod further
conprises grafting or inplanting the CNS neuron into a human_ patient after
admi ni stration of tRe Heete of any one of ghimsrif?Grhersan Bie ageny ivwslec oM ns
1-10, wherein ¢hh RRHKEB Ao H B ProfHTRILBRIENGAL polypepride, 14- The
nmet hod of claim §ﬁyahere?% aéﬁ?higﬁggyhd'fbet CNggieJQ%ﬁog%ﬁﬁr%ses

adm ni st r at i orpepfibddyeansigant polpnwlqohide, mpaest,isoall nyolanbe pidilwacherider .

15. The nmethod of claim 14, wherein admnistering to the CNS neuron is
carried out by an admnistration route selected fromthe group consisting
of parenteral, subcpg anQOomus of LiBfnk 2V, 8NRkHSA tHeRhBRE i {AReA!fronk HeoRGH ebr al ,
intral esional, intranuscular, intraocular, intraarterial, interstitial

i nfusi on, and conpstagtodd pakycionalraptipedy; menoclonal antibedy, ciiimerigentlodlyof any one
of clainms 1-1 further.c isSin 1 pi. St erifng. pne._ or ddi ti onal
phar maceut | carastpd ShiseaTRN RS AR Ruahal OF BAGGl M FEePL T
wherein the adm nistering of the agent results in a decrease in JNK
phosphoryl ati on, JNK activh&% .and/ or JNK expression. 18. The net hod
of any one of clai #8- Tha e afiskini2d. vhaciadhs eatissleredfon e &ght resul ts
in a decrease cbﬂsi&ﬂl%rbfz%%ﬁ&bﬂr Al@édl@tﬁrgeﬁ&élmﬁ,c%dé{ ’mgl'ag{lear%iﬂg INK1
expressi on. 9. The nethod of any one of clains 1-18, erein the
admi ni st eri ng aofsikfé nagente tngsting BNK2) an siR&A emdeeulenarg@8igphdSphomyll at i on,

p38 activity, and/or p38.expressi on. - 20. The t ho ~cl.aim 12 or
13, wherein tH@HﬁQ%Pé mﬁﬁgp% a?%’@?“Pf@kKO?%H@W@%ﬁﬂgﬁal%qﬁggfﬁﬂegenerative
di sease or congdhbi@bens thereof 21. The nethod of claim 20, wherein the

neur odegenerati ve di sease or condition is selected fromthe group
consisting of: Alzheiner's disease, Huntington's disease, Parkinson's

di sease, Parki nson';g- i S gghj . ral .. sis (ALS),

i schem a, stroke, ?ﬁt?%%?%ﬂ#?ﬁ?ﬁﬁﬁgf%ﬁ§§2§9?2&%%%§P%H§%%§§#§5§, trigem na
neur al gi a, gl dssapded fongéalnistats@bga soutdBeldeted fldal dy grompashdi@ingargravi s,
muscul ar dystrophy, progressive nuscul ar atrophy,. primary |ateral sclerosis
(PLS), pseudoligiepiralpupeifancpps gruyeiops BAnNSHIongH) @f}?cegf&r%dptrﬁﬁ%@lﬂaar
atrophy, i nherjd.£d,sBMSC HRAbc @ SR eria M HRESGRE ArBsich, 3Kd RN BSveger Vi cal
spondyl osi s, plexus disorders, thoracic outlet destruction syndrones,

peri pheral neulevpat hi es, prophyria, nultiple system atrophy, progressive
supranucl ear pal sy, corticobasal degeneration, denentia with Lewy bodi es,
frontotenporal denentia, demnyelinating diseases, Guillain-Barre syndrone,
mul tiple sclerosis3)Cra cRtot iRy b JReLMs di-36a5KbreiR iledRe éHRAB Rirther

Creut zf el dt - Jakob di sease, Gerstmann-Straussl er-Schei nker syndrome (GSS),
fatal fami|i alcompsgmenaoy ERc)addibiond! mhampreaiichloigantiencephal opat hy, Pick's

di sease, epilepsy, AIDS denential conplex, nerve danage caused by exposure
to toxi c conmpounds, heavy netals, industrial solvents, drugs, or

chenot her apeut i ¢ agentThe uderjfuhy ofiedoftcheémne4-30ushessis tiementisedt drdgabysi cal ,
mechani cal, or_chem cal trauma; gl aucomn, |attice dystrophy, retinitis

pi gnent osa, adKrtoarhoy AR, MK agdymaiden DK ERVBFon phot or ecept or
degeneration associated with wet or dry , other retinal degeneration,
optic nerve drusen, optic neuropathy, and optic neuritis. 22. A

nmet hod for decreasing or preventing one or nore synptons of a

neur odegenerati ve di sease or condition conprising admnistering to a
patient an agent that inhibits the activity or expression of the dual
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24. Use of an agent that inhibits the activity or expression of the dual
| euci ne zi pper-bearing kinase (DLK) in the manufacture of a nedi canent that
i nhi bi ts wo 2prieserts degeneration of a central nervous ®¢IBR1MOSY6 neur on,

or a portion thereof 25. The use of claim 24, wherein the nedi canent
decreases one or nore synptons of or the |ikelihood of devel oping, a
neur odegener ati ve di sease or condition. 26. The use of claim 25,

wherei n the neurodegenerative di sease or condition is selected fromthe
group consi sting of33- APs K HBpY engelcdams 2438 nvharein dhe medivasent decrqagiski nson' s
di sease, Par ki ' Sx ol : ' ral sclerosis (ALS)

i schem a, str chg?ﬂ?oé?@%?téﬂir gﬁaﬁdg% r’ﬁ%ﬁ%{cqg[g!?gg%sg#ﬁhemr rhage, trigem nal
neural gi a, gl ossopharyngeal neuralgia, Bell's Pal sy, nyasthenia gravis,
nmuscul ar dystrophy,, p ressive nuscul ar atrophy, primary lateral sclerosis
(PLS), pseudobul bar34p§?‘gi}s,e %J@B&P%%%ﬁ%mﬁagﬁérwg%?@%e@ AT R e TP &
atrophy, i nherg3gedodussihiah, B8LERNY, ald§38eRpRfordi Sk syndromes, cervica
spondyl osi s, plexus diSorders, thoracic outlet destruction syndrones,

peri pheral neuropathies, prophyria, multiple system atrophy, progressive
supranucl ear pal sy, corticobasal degeneration, denentia with Lewy bodi es,
front otenporal denentia, denyelinating diseases, Qiillain-Barre syndrone,
mul tiple sclerosis, Charcot-Marie-Tooth di sease, prion disease,
Creut zf el dt - Jakob di sease, Gerstmann- Straussl er-Schei nker syndronme (GSS),
fatal famlial insommia (FFlI), bovine spongiform encephal opathy, Pick's

di sease, epilepsy, AIDS denential conplex, nerve damage caused by exposure
to toxic conpounds, heavy netals, industrial solvents, drugs or

chenot herapeutic agents; injury to the nervous system caused by physical,
mechani cal, or chem cal trauma; glaucoma, |attice dystrophy, retinitis

pi gnent osa, age-rel ated macul ar degenerati on (AMD), photoreceptor
degeneration associated with wet or dry AVMD, other retinal degeneration,
optic nerve drusen, optic neuropathy, and optic neuritis. 27. The
use of any one of clainms 24-26, wherein the agent is selected fromthe
group consisting of an antibody, short interfering RNA (si RNA),

pol ypepti de, peptibody, antisense pol ynucl eotide, aptanmer, small nolecul e,
and pol ysacchari de. 28. The use of claim 27, wherein the antibody is
selected fromthe group consisting of a polyclonal antibody, nonocl onal
anti body, chineric antibody, humani zed anti body, Fv fragnent, Fab fragnent,
Fab' fragnent, and F(ab')2 fragnent; 29. The use of claim 27,
wherein the agent is selected fromthe group consisting of: an si RNA

nol ecul e targeting DLK, an siRNA nolecule targeting INK 1, an si RNA

nol ecul e targeting JNK2, an si RNA nol ecul e targeting JNK3, a snal

nol ecul e, a dom nant negative formof DLK;, a kinase-dead form of DLK;, and
conbi nati ons thereof. 30. The use of any one of clains 24-29,
wherein the nmedicanment is formulated for adm nistration by a route sel ected
fromthe group consisting of parenteral, subcutaneous, intravenous,
intraperitoneal, intracerebral, intralesional, intranmuscular, intraocular,
intraarterial, interstitial infusion, and inplanted delivery device.

31. The use of any one of clains 24-30, wherein the nedi canment further
conpri ses one or nore additional pharmaceutical agents. 32. The use
of any one of clains 24-31, wherein the nmedi canment decreases JNK

phosphoryl ation, INK activity, and/or |INK expression. 126 33. The
use of any one of clains 24-32, wherein the nmedi canent decreases cJun
phosphoryl ati on, cJun activity, and/or cJun expression. 34. The use
of any one of clains 24-33, wherein the nmedi canent decreases p38
phosphoryl ati on, p38 activity, and/or p38 expression.
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