MODULATI ON OF AXON DEGENERATI ON FI ELD OF THE | NVENTI ON Thi s invention

rel ates generally to treatnent of neurol ogi cal disorders and nervous system
i njuri es.wohelomasamt i on specifically concerns the use ofcramdeéatnerss of
particular target proteins and processes in nethods to inhibit neuron and
axon degenerati on. BACKGROUND OF THE | NVENTI ON Neuron or axon degenerati on
plays a central role in the proper devel opnent of the nervous systemand is
a hall mark of nmany neurodegenerative diseases including, for exanple,
anyotrophic | ateral sclerosis (ALS), Al zheiner's disease, and Parkinson's
di sease, as well as traumMODULNTION OF AXONDEGENERIAFTHONal cord. These

di seases and injuries are devastating to patients and caregivers, and al so
result in great financial burdens, with annual costs currently exceedi ng
several hundred billion dollarsgipblisr Piirt pVENFIGR al one. Most current
treatnments for these diseases and conditions are | nadequate. Adding to the
urgency of the problleymventioatrdetehgenctally & déatroers of ngwolpgiealfdiorderdvard many

such di seases Igreuggﬁs-ter e{ a&r%d, é‘% th[us theﬁ‘{? incidence is | ncrlaasi n
rapidly as poplit AT Sh e ibgFapAle DVERICR R LY Soncsts T st pT medalprs ot o
devel opment  of paefidule tdrye paRginoarescctRs i @ahbddo MHbioaeea Bidakbye di seases
and nervous systeminjuries. SUMVARY OF THE | NVENTI ON The i nvention

provi des met hoW&SHEHINinhi bi ti ng degeneration of a neuron or a portion

t hereof (e.g., the neuron cell body, an axon, or a dendrite). The nethods
invol ve adm nistering to the neuron or portion thereof an agent that

nodul ates: (i) the activity RACKGRE@ENDOOFAHRBINYEQION otein in the neuron
or portion thereof, or (ii) a process in the neuron or portion thereof.
Exanpl es of prot ei Meutdiadr agamddpendratiqeilad ai cantidl eolait the gsopef ddvbiepinomertt i on
i ncl ude dual | eucine zipper-bear.i i nase (DLK), glycogen synthase kinase
3b (GSK3b), pége Pﬁft’%‘tiéﬁggmall b?tae}&ﬂ%‘i”g‘t Qf?fﬁlﬁ%nﬁ&@ée&eﬁ%ﬁwb?@?e%n%%%i n,

g ranscrl 85/\;0(2) NI Abchintphd, hm ko IR RN ro ERAGIEHRA T ORI § GRNEY, PCKET NO.

Parkinson’s disease, as well as traumatic injury to the brain and spinal cord. These
diseases and injuries are devastating to patients and caregivers, and also result in great
financial burdens, with annual costs currently exceeding several hundred billion
dollars in the United States alone. Most current treatments for these diseases and
conditions are inadequate. Adding to the urgency of the problems created by these
diseases is the fact that many such diseases are age-related, and thus their incidence is
increasing rapidly as population demographics change. There is a great need for the
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
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.

Examples of proteins that can be targeted in the methods of the invention
include dual leucine zipper-bearing kinase (DLK), glycogen synthase kinase 33

(GSK3p), p38 mitogen-activated protein kinase (p38 MAPK), B-catenin, transcription



factor 4 (TCF4), epidermal growth factor receptor (EG-R), phosphoi nositide
3-kinase (PI3K), cyclin-dependent kinase 5 (cdk5), adenylyl cyclase, c-Jun
N-term naWOIQDrilaEm4§JNK) BCL2- associ ated X protein (BaxpPCTius2aloantias

cal cium cal no RifiSRsREePt nPatebn ki nase kinase (CaMKK), G proteins,

G protein coupﬁd) @{@DNérsmg,gfmzl on factor 4 (TCF4), or b-catenin,
whi | e exanpl es_ of L{)rocesses that can be targeted are transcription and

protein synt hefster + (Hd Deapidsmaerpphdpcier f?%@ééﬁGE%hf@lfﬁb‘Pl@‘?S“&el Jokingsgn ble
hi
wi thin a neurqp ﬁ?bﬁéhg—g n%e{n?%ﬂg%ﬁ%a?% %gEQ?Q&%%&E%}E&SQ -J3n f&?{eﬁﬁ%l l&%zhsgr anul e

neuron, a dor sa cor néuron, etic
neuron, and a (mchmarmalsomw KprotdingBagetht chameet) cblelunf/mimeohﬂﬂmﬂe@endent

i nhibitors of t he, tar prote process, Further he agents can be,
for exanpl e, 51?51”6’&1%‘&9 @ﬁ?et(ﬁé%@uﬁ' “REGHEEs |pﬁ‘§‘“81‘30‘élﬂ?c¥‘l§6@“€§

| ypept i des, cRent
pol ypepti des t%@%rgaﬁg%sﬂﬁﬁ('réf’ﬁij GfB c%@h%ﬁl@&;‘aﬂx R P@%ﬁ?es RAQLA ¢

interfering RNAs i ), pol ynucl eot apta ecu
pol ysacchari desrgeﬂedualtehﬂmsxa@aomandaprbtebmyné]sslst he antl bOdI es can be

nonocl onal anti bodi , chineri¢ antibodi es, ni z a tlbodles hunan
anti bodi es, or ant i@ﬁd‘fl“@?ﬁb?ﬁéﬂ?‘% @Ogcan Cé?ﬂmfé 1o %CI’—“& in a geuresy sglscjedy

fragment). | n gdigegseipfonSisRlyl ofmleﬁﬁél%\z/%%ranﬁl@%eﬁgﬁ N A @D o€ garlefbn €XaNPI €,
sel ected fromthe group consisting of 32, SB 415286, GSK%b i nhibitor I,

GSK3bi nhi bi t orneyon, a @SS neyrhi. ki sympathetid neu@k@bl 1 hnhp@ampal nxpgopn. Lit hi um

Chl oride, SB 20219 3 SB 23906 SB. 203580 HO, AG
556,O”AGe555, AG 4991‘h gﬁﬂ’é‘“g 3’% f?;r/?’baﬁ“d’s% n“ég’iso %F%%Pﬁoﬁe‘%&rzpri"ifé '490), LY

294022, Ani sormmeihes, Hoyagahiex e fbe exdRase, @Vlle&tbdlﬁoml'_tﬂé Si6ab tahsistidbA 77,
Actinonycin D, SP6Q0125, Bax Channel Bl ocker, ZDr288, STO-609, bortezomd,

di sul firam pawapediesepolyespiifssnpeptides. pentibartiss. nuelpisarinleicsssPOst e,
demecl ocycl i anJTaMQﬁ&Cﬁhgg gﬂ@“’ﬁﬁﬁg&?ﬁ% oﬁdé&hﬁt%&sb%a&;aﬁsf%@k&lés%&dat e,

par onmonycin sultate Ically accepta ts thereof. The
neur on or por tpotysadchandesf Imthmcdseoﬁar&mmbs ithe antibodipeeh be swomhclasala hunman
subj ect . The subj e aml e, r be at ris devel.o |ng a
di sease or cor?ﬂf‘t"?‘ﬁ‘?f @EV‘S‘&‘E %‘Hlbf’élﬁgﬁ‘ﬂ’ﬂ]@n %%{158’861ﬁ§|h§{1’?1ﬁ@m§¥38’€? )OrﬁPté ders of
the nervous sm%ﬁﬁhts((ég)a&pwaglms oet(avohgfragﬁé&ﬁyqn%&fa%@ﬁshﬁn are

a

secondary to i sease, condition, or ther apy having a primary effect
out si de of thén(viecr%u%legmemb% fqrue)iamﬁpmleetgd from the group consisting of

MG132, SB 415286, GSK3 inhibitor I, GSK3p inhibitor VII, GSK3 inhibitor VIII,
GSK38 inhibitor XII, Lithium Chloride, SB 202190, SB 239063, SB 239069, SB
203580, SB 203580 HCI, AG 556, AG 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, 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
subject. The subject can, for example, have or be at risk of developing a disease or
condition selected from the group consisting of (i) disorders of the nervous system,
(i) 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.



nervous system caused by physical, nechanical, or chem cal trauma, (iv)
pain, (v) ocul ar-rel ated neurodegeneration, (vi) nenory loss, and (vii)
psychl at rwo 2digsder s. JTA Ji | N1 GNE REFERENCE: PRA267RPCWDSANIORNEY DOCKET

NO. 50474/ 020ViERE o Phad ers of the nervous system i nclude
anyot rophi c | aAﬁ SR ﬁo(m wwadi gem nal neural gi a, gl ossopharyngeal
neural gia, Bell's Pal sy, nyasthenia gravis, nuscul ar dystrophy, progressive

muscul ar atrophy, primary lateral sclerosis (PLS), pseudobul bar pal sy,

progressive bul bar @@ﬁr?}' s of Bls L:rsrgf'ﬁféLHe?Jougg)rs f’flclugg'?@g(%t}so%ﬂlﬁ%@ﬁw ar

atrophy, invertebrate sk syn rorres cervical spon l'exus

di sorders, thowxkross (@]ISI),etlgdmalrnswtailgm ghoseabharyascal paralgheBal’s Plzdsgr,opat hi es,
prophyri a, AI zhei rl{sﬁp@s di. sease, untl ton s di sease, Pargl nson' s di sease,

Par ki nson'  s- pPURStPE LS museHl4r ?té" sqrggfpgfvpmulaw{g@ % PEMpEy latera
supr anucl ear p@le?é/s:ls @K, ipsQRBB@barHABE 126 Eds%buﬂﬁf&?ﬂéﬁr i hfhsb@yy bodi es,

frontotenporal denentia, denyelinating di seases ai n-Barre syndrone,
mul tiple scl eramipby. ivsitedonusialer @ropbptihvetichatestisk pniromes)icseiak,

Sch K GSS
Fatal fam || 2 TORAOR: BerERo b e Cp R P PR R BB Ry 1P cle s

di sease, epi| epsyopativd, rbPSrid eARA¢Im2l s ERERE FruntibkRAR| @RaR] PARInSor’ Nl ude
chronic pain, fibronyalgia, spinal pain, carpel tunnel syndrome, pain from
cancer, art h ri dipegse. § élika’cs% plusdisgaicharultiplgisystam awenivis Rjesrgssivesaplanuclesss ms,

back pal n, ﬁ?ﬁ\{ya&orﬁ jbRsal B eﬂergﬁm&ﬂé ahlthd@%ﬁﬂoggg ont&gﬂﬁ&hpl a, such as

neuogeni c or opat hi ¢ pai nerve |n anage i ngl es,
her ni at ed di scdenteotim dlemgamanng diatrdesd GablaireBarr&yadjphresmaftiptoietrdsispns of t he

nervous system.t hat ondar di s nditi on, or. therapy

having a prima n¢ “ll\zacf’[e ﬁQ?E fhaeéls%fpr’f)ﬂ ISFRSP thzgegfgtrélfﬁbi dﬁ%?la%fdgeﬁg?fi“ﬁher al
neuropat hy or S‘[ﬁiﬁESﬁ’érgﬂcﬁelﬁﬁéi‘%?ﬁr&Me @G@ﬁﬁefa@ﬁ farkiBRIGR om 1), PSRAL 1 L1s, ki dney
dysfunction, Colorado tick fever, diphtheria, HV infection, |eprosy, |yne

di sease, poI yaﬁppwlf@m@mmwaathm Realriadisiack, Plﬂdlvsy,tan@Alléhldc:rm:rdraisusnpl@} ogren
syndrone, syphili s,EX%%s}egqcal

of injuries to the neérvous g frgcgﬁldgé:fﬁ%/tg?fepg?}lt gﬁﬁ}’é‘?yég%l?ad San%ﬁgﬁgazbe twelarrpl =
chem cal traungndmosklstn ﬁamwendéa HRgati S 3SR, BihdehBg phindrdnPsidr@fy, tn&erpounds,
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.
Examples of conditions of the nervous system that are secondary to a disease,
condition, or therapy having a primary effect outside of the nervous system include
peripheral neuropathy or neuralgia caused by diabetes, cancer, AIDS, hepatitis, kidney
dysfunction, Colorado tick fever, diphtheria, HIV infection, leprosy, lyme disease,
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,
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,
ischemia, prolonged exposure to cold temperature, stroke, intracranial hemorrhage,

and cerebral hemorrhage.



heavy nmetal s, industrial solvents, drugs, chenotherapeutic agents, dapsone,
H V nedi cations, cholesterol |owering drugs, heart or blood pressure
nedlcatlamezoﬂmﬂsnmtronldazole Addi ti onal exanpl es i ncipaatashamns1douNd,

surgery, acci dgt RephiSeTbRucRLOVBNged exposure to col d tenperature,
stroke, intrackeroNEYHOKEROS0473/080veey ebr al henorrhage.i GNE REFERENCE

PR4267R1- WO ATTORNEY DOCKET NO. 50474/ 020WX2 Exanpl es of psychiatric
di sorders include schizophrenia, delusional disorder, schizoaffective

di sorder, schi zophefiafMddlor pRRNAR RENENLS inblydi aqaﬁz%gﬁmmasa'm L fdisdddanoi d
personallty di sorder, schizoi'd personality disorde i ne personality

di sorder, anti scmcafﬁlctlmdls@dal, SOﬁI}ZOdh@nﬁoun,rShaméps,yClasmcsdlsarquepss(drmis; ty

di sorder, obsessiveconpul sive saorder. u n nood di sorders,
bi pol ar di sor d& anobace%eggo glity Jiso 461: Suzgd ggrm@ﬁl{y ‘E%Hﬁ?eénl?ﬂ é%ﬁ%e RSOty aphobi a.,
soci al phobi a, dipeadr; intiddeorl ch(fscﬁﬁaﬁ@&l%o?d@ QfaﬁtﬁasrsmuaPé&t&IaMtydhme@led”bsesﬁﬂé-

i mpul se control di sor ders. anpl es of ocul ar-rel ated neurodegeneratlon

i ncl ude gl aucoipmpulsaterdizoadagydelinmhgemaentia mead Chsq@dgw@m%agahsowge rel ated
i or Ao cactds iy, (Ao RO AR SRRLRE ASASRTELIG IR T Al Vet

or dry AMD, ot egenerati on erve sen,
neur opat hy, anmeﬁphmﬁmﬂgumniy6mmﬂmaﬂﬁhﬁﬁmﬁ£c@hﬁﬂdﬁ&ﬁeﬁnclude primary
gl aucoma, | owtensi ghau oma, primary angle-c¢losure gl auconm,  acute

angl e-cl osure gl au ples of peHlgr-relats @eWP6§ﬁ9@waﬁaﬂéﬁﬁ%gaWﬁmﬁwFW%@ent
angl e-cl osure @s@éﬁ&nﬁtlnﬁgbfgﬂ{eﬁto‘gf%ﬂe ?é?&!:@mﬁ&ﬁé&fe er3tAHE PARD)PI gment ary

gl aucoma, exfol’iation glaucoma, devél opnental gl aticoma, Secondary gl aucons,
phacogeni c gIaﬂmuwaﬁp@téﬁ@mnmuseosnmamywnb“mhﬂmmpébﬂannM@nﬂnmhage

traumatic gla na neov cul ar, gl auc i nduced u oxi c

gl aucons, and‘%ﬂgﬁ%ﬁﬁﬁ 6@?@@ eﬁf?ﬁcPﬂFW§®gh Otﬁﬁﬁgyl &%PWW of

deat chnents, s@¥RbfaGh@leGimabpiiascodfa, IMeteBYOn glafidnlal bemadyRPRYosERNt act i ng
of the neuron or portion thereof with the agent, accordlng to the met hods

of the inventiB#coBamcnifaEipelasare giuserp, qh@mmlesﬂmu&glawopmammmm cal
conposi tion i rh%' H:ddlo]sgr L@&c@ gnéhron-{pgpe% c?osglrel c&%n bemé:n arrylg a%a&h% by,

for exanple, £ aveno u3|on
intraperit Oneadxfollanbm plaecoaln; dd:velopmental glaucoma secondary glaucoma phacogemc

glaucoma, glaucoma secondary to intraocular hemorrhage, traumatic glaucoma,
neovascular glaucoma, drug-induced glaucoma, toxic glaucoma, and glaucoma
associated with intraocular tumors, retinal deatchments, severe chemical burns of the
eye, and iris atrophy.

Contacting of the neuron or portion thereof with the agent, according to the
methods of the invention, can involve administering to a subject a pharmaceutical
composition including the agent. The administering can be carried out by, for
example, 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
methods of the invention is ex vivo or in vitro (e.g., a nerve graft or nerve transplant).

The invention also includes methods of identifying agents for use in inhibiting
degeneration of a neuron or a portion thereof. These methods involve contacting a

neuron or portion thereof with a candidate agent in an assay of axon or neuron



i ntramuscul ar, intraocular, intraarterial or intralesional routes; or

topi cal or ocular application. Further, the nethods of the invention can

i ncl ude adoizni%tﬁ%&blng to a subject one or nore addition&CTalsacmmeras i cal
agents. |n ot hegy R 8% PG HIGWHON or portion thereof treated according
to the met hodsypio DOMEAE K@ 30d7308¥vas VO or in vitro (e.g., a nerve graft
or nerve tranZPIant), The i nvention also includes nethods of identifying
agents for useSBENTHINPES B+ ARY-BREYRPTIVE: faeiar OYCH) anEbedies. sirum deprivatish Kiler eof .
These met hods LayabYSnBRRtAGIhE SemPEYT Bledl ' fonirtilt @

candi dat e agent fn an assay o? aion o? neﬁréﬁﬂﬁﬁ%ﬁﬁﬁb&gékﬁ%ﬁggEgENOE
PR4A267R1- WO ATHEQRNEY pROCKEHErSIOIn HO Hreséd2 ONDR caetidmeageni, oslat{ve.tga codndlj - nerve
growm h factor .(NG- ntj bodi es, serum deprivatiqn/KC reductiqn, and/or
rotenone tr eat‘fﬁe‘_ﬁi‘%s. t%BéC{eBEg‘?aBHHB W%ﬁ@guﬁé@mﬁgﬁe‘ﬁm{%& ASEWSR or
portion ther eaf poRichRerfre T8E efdRfard dpEntGcan BE, 46t &aRPRN electdd Rk m%_gg&;pa
control, indicates the identification of an agent for use in inhibiting
degener at i on cfongstens gntimdigsaradypsntidesapeptides. Mipeibedierd nakitie acid emiecokn be,
for exanple, sglec fr he. p._consi sting of antibodies

pol ypept i des, S%%%ﬁtggesn,ngg{eﬁyt&sl Slc%%\lﬁ% > P Oﬁ% %P%éeﬁtefp ?’g?flﬁﬁ &O?GCE}?B’ratI‘d
interfering RN¥oysbshizis), pol ynucl eoti des, aptaners, snall nol ecul es, and
pol ysaccharides. The invention al so includes, pharnaceutical conpositions
and kits that cont dib isetig alspingludeiamerniacgiticabspmpesitioaspnddits i perain
degeneraton Qfnedr RRH! @BnihaiaBE b o IARERkencRRiof 8P HLBSTNEERHiG The
phar maceuti cal conpositions and kits can 1nc ué%, or exanp?e, one or nore
agent sel ect edhéredhug descrgred bpremoridie phamgcoafticAllebBposi Gihs4hB RB6 canGEHB:,

i nhibitor I, K3b i nhibitor VII, K3b, i nhi bitor VIII, K3b inhibitor
X1, Lithium CAI SPE: OETI09 §8nt %@%@J%%Theﬁo%@@%@t}?ﬁ hé@é%%é? SB
203580 HA, AG15265, GAR3BIMibifP 149K Fldhit83 98, GIXBPREiHoR vVIEd 4GSy phostin
B42 (AG 490), LY 294022, Anisonycin, Cyclohexim de, Roscovitine, Forskolin,
NKH 477, Act i riohpisomXIb Littpao Ohlpside, Bd32 (2R 8t ridd 238063, Kdt 2390017, 288203S§D-BD9,

b id di ) : | ni b | mi b
i tosylate, dansibESENEERRTEoy AdF s PR T bRt s DbieRlinpar o
sul fate, paronpay4d0n, Isubdane, AgisshphaOyeoaetintdg Ryscaciciap rabkelis N

t hereof . The pharmaceuti cal
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 pharmaceutical
compositions and kits can optionally include one or more pharmaceutically acceptable
excipients. Further, the pharmaceutical compositions and kits can optionally include
instructions for use of the compositions and kits in methods for inhibiting
degeneration of a neuron or portion thereof.

In any of the methods, compositions, and kits of the invention, the agent may
be a DLK signaling inhibitor (e.g., a siRNA molecule targeting DLK comprising, e.g.,
the sequence of, desirably, GCACTGAATTGGACAACTCTT (SEQ ID NO: 1),
GAGTTGTCCAATTCAGTGCTT (SEQ ID NO: 2),
GGACATCGCCTCCGCTGATTT (SEQ ID NO: 3), or
ATCAGCGGAGGCGATGTCCTT (SEQ ID NO: 4), or
GCAAGACCCGTCACCGAAATT (SEQ ID NO: 5),
TTTCGGTGACGGGTCTTGCTT (SEQ ID NO: 6), GCGGTGTCCTG



conpositions and kits can optionally include one or nore pharmaceutically
accept abl e excipients. Further, the pharnmaceutical conpositions and kits
can opti oneal2by/hssabude instructions for use of the conp@sirtisers/oartd3 kits in
met hods for i nEAPREIIGERSIPRBEALIWS Of a neuron or portion thereof. In any
of the met hodsarratNSshOCIRENO 30H46idwio0f the invention, the agent may be a

e g. . the scquhEERGIATISSERIR JoT bochiARM e ieARERenc (ach! (P 1)

or ATCAGOGGAGCCATCT TPt Bhogf ST MER %%iwy@%@% kS

NO 5), TTTC@@MC&’T@W?{BE@RNMM@W ta&@(ﬁﬁimﬁu@ﬁEﬁRENCE

PR4267R1- WO AT 4/ SICTACTATT ID NO 7), or
TAGT AGACCAGGACRERETFATSES DTG (S0 IRCh oy S medecliepigty 317,
anti body 318, tﬁé\mngeaquaﬂ&,of@mmmA%@A@mmw»& :T{%EQ BObafe 322, an

si RNA nol ecul e targeting the JNKI sequence of GGATGAAGCCATTAGACTA (SEQ I D

NO 9), an si RNAGR®Y @TTE%étTCMAﬁ@@moséb)a@n@wtammmANﬁWCAAc

ATTAA (SEQ I D - D RNA
targeting the %&%ﬁ%ﬁ?@%ﬁ%@%&@%@ kﬁ%?%ﬁ%}w
SP600125, JNKMnhibhohiNKWVIII Nk, ISG-2iD63 tsmr ccSMZSE&ist R60CM3] XGSP600125,

As601245, XG 102, nyricetin, T278A DLK, S281A DLK, S152A DLK, and the
| euci ne zi pperljog BT Tﬁ% DLK, %%Rébmrlﬁh%ﬁ%&uéean& the lspeinszigner Gsk3b

X1 Cand 1 iR 07y S PR g SO OYIb s RIOPR | T P

tyrphostin B44GSKYS phistor mmsmﬂraﬁmomsﬁEGsm@ﬁﬁlbltBDmSm;thﬁBz0_3580
SB239063, SB202190, SB239069, STO-609, and SP600125), or a Gprotein
i nhi bi tor (e. FhlordesanBETR nefhyaydntibileri(ees exlothyb, trahesty B, tymbostin

b descri b e d3n in at | east
2 10% decreas?%‘?ﬁ?@%s‘sgaé?q%%m%g%3 Te50s 50 S e’ 200
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%,
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
therapy having a primary effect outside of the nervous system; injury to the nervous
system caused by physical, mechanical, or chemical trauma; pain; ocular-related
neurodegeneration; memory loss; or psychiatric disorder. Non-limiting examples of
such symptoms include 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, muscle spasms, significant changes in eating habits,
excessive fear or worry, insomnia, delusions, hallucinations, fatigue, back pain, chest
pain, digestive problems, headache, rapid heart rate, dizziness, blurred vision,

shadows or missing areas of vision, metamorphopsia, impairment in color vision,



55% 60% 65% 70% 75% 80% 85% 90% 95% or even 100% decrease) in one
or nore (e.qg., 1, 2, 3, 4, 5, 6, 7, 8. 9, or 10) synptons of a disorder of
t he nervowe 28ygt4enlr conditi on of the nervous system t harCrasg@oontdai’y to a

di sease, condiddPRemUENRErRRYR1aVHNY a primary effect outside of the
nervous systemridRNEYYhdEH BeHYsvEy st em caused by physical ,
nmechani cal, or  chem _cal traumm; pain; ocular-rel ated neurodegeneration;

] pal n 3 §
menory | oss; dlecisasra pcavery OF Hiswad dgstion RieT-ekpesuts ta grightdight @ad [oss wpasal
synmpt ons i ncl ydgid 6RfiRity S| owness of novenent, ataxia, |oss of balance,
depression, decreased cognitive function, short-termnenory |oss, long-term
menory | oss, conf udnemy ofchanyes-destriped mothadls, the, adindmgperdigpereslilfsfin atlédsi 2s, | oss

miscr e weakhesd? ogtbe aril b 5t ol Aciab B iR LR
si gni ficant changesyd, ns%aginBPRBIYS 05BXEESSh YE0, BotreRE) WM kelihRIYMI 2,

del usi ons, hallucinations, fatigue, back pai n, _Chest pain, digestive
probl ens, headigtleping adisdrdeeelrthe perveus sistemi epadiion of themeryous syisiem thatimdows or

m ssing areas Qf wision, netamrphopsia, inpairnment in color . .yision JTAIi J
N GNE REFERERCEIBI S RE AR AR e R st P SR cased
recovery of vimutahs bystedt; igoryab tRrmeedono Systetn tasdl t sitdlgtchamiogl, 0SS i N

visual contrast sensitivity. In any of the above-described nethods, the
admi ni st eri ng SheRiset taump, aiing eeylar-relatedngedegencgatiopemgmorydess) erpsychigns 200

25% S0% S5%.id0%h. AniArcR0Rh el piRMAARIAWION ad 228 nf AofnirBRdfq g0 O5%

or even 100% decrease) ‘I n the opi ng a disor
nervous systemgemonditi on of the nervous systemthat is secondary to a

di sease, condition,_ or thera havi ng a imary effect outside of the
nervous systen ian_L}J‘FWVFBU‘?I}@X%@PVSE‘%“%@&SJ%B %%ﬁ%t@@ ‘%ﬁe“ﬁfﬂ‘}‘QPGEP neuron or
nmechani cal , OoefiRAth&BbS. thadeMReth®RIifvol RCdhAhisteBh@thNEIN R PEHRAGKARLIFON;
menory | oss; or psychiatric disorder, conpared to a control popul ati on of

subj ect s t hat aaragenidhat g@ditaicst(©rtbejactiaityl obgtarget prokeen infhenguramorglosttonpr ovi des
oo o1 LG 19, FERSRS: LA R EHSDRF AR NGRS B0 o5
nmodul at es: (i )fot éxamply balédiad fedm ehetgasgedonfikiioair@uilneddiee Asdr-BénrdE kRAES | ON

(DLK), glycogen synthase kinase 3 (GSK3[), p38 mitogen-activated protein kinase

(p38 MAPK), epidermal growth factor receptor (EGFR), phosphoinositide 3-kinasc

(PI3K), cyclin-dependent kinase 5 (cdk5), 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), or B-catenin, while the process can be, for example,

transcription or protein synthesis. Further, the agent can be, for example, an activator

of the target protein or process (as is the case for the targets listed above, with the

exception of adenylyl cyclase). In the methods of activiating degeneration of a neuron

or portion thereof described above, the modulation of a target protein may be an

increase in the activity or expression of GSK3, a decrease in the activity or

expression of -catenin, and/or a loss in the activity or expression of TCF4.

The invention also provides purified antibodies that specifically bind to the

phosphorylated form of DLK (e.g., antibody 318, antibody 319, antibody 320,

antibody 321, or antibody 322) and inhibitory nucleic acids (e.g., siRNA) that

comprise the sequence of, desirably, GCACTGAATTGGACAACTCTT (SEQ ID



thereof, or (ii) a process in the neuron or portion thereof. The target
protein can be, for exanple, selected fromthe group consisting of dual

| euci ne z2wppert/laeasi ng ki nase (DLK), glycogen synthase RCmAS2008I06(7&5K3D) ,
p38 mitogen- a%ﬁﬁﬁﬁ%ﬂ&tﬁﬁﬂ6ﬁlr\@§e (p38 MAPK), epidermal growth factor
recept or ( EGFRYprdid @bt osnd. st dzdvapase (Pl 3K), cycl i n-dependent ki nase
5 (cdk5), ade%bybh ycI as Cc Jun N-termnal_kinas iJNK;{:ABCLZ associ at ed

X protein (Ba CRANLFA ¥l TodiR WING)eB Ep&(&T{C ki nase
Ki CaMKK R, t@ﬁﬁg&g don
flacr:lf1 ?)re El (TCF)():(,}@gr@Al;ITFIg{a(?EF%Ir?aN@r BF?%EQA roce‘gchan ﬂﬁ? I(%C(tg?r%@'

transcription ‘brorpﬁ@&é{}m%@(ﬁﬁ@AC@GMTﬁ@EQ ﬁIhéJCa@e,ﬁETmGB@A(mbﬁéarrpl e,

farget s 11 ot e KioUbSHITNED SLafr R EHRS iRy Sra3BROTh. one

met hods of actiAGRAGA CegenenatcGOTP{SEQ MEW® t)qrat Rlible@MckA8d8R the
descri bed above, the nodul ation of a target protein nmay be an increase in

the activity cﬁXP@ﬁWIé@fslPUﬁ of GSK3b, a decrease in the activity or
expression of b-catenin, and/or a loss in the activity or expression of
TCF4. The invention also provides purified antibodies that specifically
bind to the phosphoryl at e BRIBFDRSCROKTIGN ©OF THEDRAVWINGS, anti body 319,

anti body 320, antibhody 321, or antibody 322) and inhibitory nucleic acids
(e.g., siRNA) that Fe@hpf showsthe tgeémﬁélﬁe%nemons e LOhgursywith anti-NGF

DOCKET N0 5000 CHOEBTRE L5kt Gl odF AP P o P RG] TG =
GGACATCGCCTC  GROmtEAT Tith Bﬁ@(neﬁ)rcmpeaﬁc Baoubul RETEEDT 109BQs D NO

ND ). COGOTGTCETCETCTACIATY SRR NGH F TBFEeT ACPACRCUAGIABRECCCTT ('SEQ

I D NO 8) thatneRb dstaled ¥oth @&SLantiBodiBLInBMRRARSHIOR Wihohon®BN Frue/mi
DESCRI PTI ON OF THE DRAW NGS Figure 1 shows that treatnent of neurons for 20

hours with antantifEF antitiodiseli es results in axon degener atl on. The two inmages

in the t 0p row s hO e@ﬁyﬁ gk?cﬁws th%l{/%nétﬁ%ets Qj%lhlﬁ-{l%\!lrons( cu ture ﬁpan%i-lilbﬁ

b-tubulin) antibodi
antibodies for 1, 3, 6, 9, 12, or 16 hours.

Figure 3 shows that axons cultured with anti-NGF antibodies for 16 hours lack
elongated mitochondria and show accumulation of mitochondria in varicosities.

Figure 4 shows that, in axons cultured with anti-NGF antibodies for 0 to 48
hours, the microtubule network is not disassembled before the actin or neurofilament
networks.

Figure 5 illustrates Wallerian degeneration, which takes place in axons severed
from neuron cell bodies (top panel; Raff et al., Science 296(5569):868-871, 2002), and
shows that there is a significant delay in axon degeneration after lesion in Wallerian
Degeneration Slow (WIdS) mutants, as compared to controls (bottom panel; Araki et
al., Science 305(5686):1010-1013, 2004).

Figures 6A-6D show that a proteasome inhibitor and a GSK inhibitor prevent
axon degeneration in an anti-NGF antibody-based NGF withdrawal assay.

Figures 7A-7D show that a p38 MAPK inhibitor and an adenylyl cyclase
activator prevent axon degeneration in an anti-NGF antibody-based NGF withdrawal

assay.



of treatnment with anti-NGF antibodies. The two inmages in the bottomrow
show neurons visualized with actin anti bodi es i ncubated with or w thout

(control )WBQOH}Q)%M%anti -NGF anti bodies. Figure 2 shows ®PR&LUSE@MI06U331t1 es
ALLINL

formin neuro | twaNGF anti bodies for 1, 3, 6, 9, 12, or 16
hours. Figur erg:]g H}H{ﬁ E\!\g’%{x}gﬁ%‘%ﬁmz«ad with anti-NGF antibodies for 16

hours | ack el ongated m tochondria and show accunul ati on of m tochondria in
varicosities. Fi gurdeuesHuRp shayithat ptrapscsindon iphibitpeand gnth B kinascr

anti bodi es forj ik deb e %ﬁglpgltap] eGP H I ol ed
before the actlpﬁibogrlﬁgﬁe?g%{oﬁgﬁ%ntmnet wor sl.tli ]ﬁ?gg‘%wg§.bf’%3§?¢%9}‘et§@'@?ﬂ erian
degener ati on, askiych takes pl ace in axons severed from neuron cell bodies

(top panel; Raff et_.al., Seience 296(5569). 868- , 2002 and shows t hat
there is a significa esd%‘}gb Siﬂﬂwé%ﬁfg @%ﬂ@}t%qﬂgﬁ%éﬁl@?ﬂq}l&q%ﬁmﬁvﬂam | eri an
Degener ati on SlxgwdéddheralioMAtANLE NGB aHIRALELd NGIERIAINS 209t t oM panel ;
Araki et al., Science 305(5686):1010-1013, 2004). Figures 6A-6D show that a

pr ot easone i nhi bi t diiguerdl 0 -EHEKshavrs thittaodh praswe o chigiomdddgydMERainhibitor n an
anti - NGF anti body- based, NG= wi t hdr awal say. Figur A- show t hat a p38
VAPK | i bi t o an gyl B BN R e B B mr at f on
in an anti-NGF ant i aib@%e%a@«l%ow NHE 2Rticd S5 AMibiots of AYKENBO RFFERENCE:
PR4267R1- WO ATTCRNEYQQDCEKET . 50474/ 020W2 Fi gures 8A-8D ShOWBtﬁ;at a

transcription $BHBBSQOECER dirase EORRL RIGHaSR PBONMATK G0 1PV SPEA0E 0N
degeneration i t - ant i bodyx d. N 1L hdr awal say. . Figures
9A- 9D show t ha A@ﬁg{&% H{%SEP[ )’aﬁ'i‘g%a@l‘%%@%é{zgc‘ﬁ}&“ aﬂﬂ%?% t&?‘?)%u
degener ati on imaroviﬁaiakval\{@é(ﬁ}mh@@p,%&@@lm&@%ﬁwmdﬁﬁR@waxla_w@‘_ptsay- Fi gures
10A- 10D shows that an I h channel bl ocker and a CAMKK i nhi bitor prevent

axon degenerati on ifhguan l2ptustraicre Gampdrotishabbsie th MaEh womal dedizidy baslay .
Figure 11 is aax%ﬁ%ﬁvi%@&‘@nﬂ%ré S@gar%%hj vities of inhibitors of GSK3 (30 mM

Figure 13 shows that axon degeneration is localized and proceeds without
apoptosis in Campenot chamber studies in which NGF withdraWal took place in the
axon-containing chamber. Degeneration is visualized by tubulin
immunofluorescence.

Figure 14 shows that there are no signs of degeneration in the cell body
compartment in the Campenot chamber-based assay illustrated in Figure 13.

Figure 15 shows that cell bodies (left panels), but not axons (right panels), in
the presence of 30 uM SB415 (GSK inhibitor; GSKi) or 15 pM Act D (transcription
inhibitor; TXNi) were protected from local degeneration.

Figure 16 shows that axons (right panels), but not cell bodies (left panels),
exposed to anti-NGF antibodies in the presence of 10 uM AG555 (EGFR inhibitor;
EGFRi) or 30 uM SB239 (p38 inhibitor; p38i) were protected from local
degeneration.

Figure 17 is a graph showing quantification of axon degeneration in Campenot
chambers in which anti-NGF antibodies were added to the axonal environment in the
presence or absence (DMSO) of 15 uM actinomycin D (ActD), 30 uM SB415286
(SB415), 10 uM AG555, or 30 pM SB239063 (SB239) in the axonal (Axon) or the
somal environment (Cell).

Figure 18 is a model based on data from the screens described herein.



SB415286), EGFR ki nase (10 mM AGh55), p38 MAPK (30 mM SB239063), CAMKK (15
nmv STO-609), and JNK (10 mM SP600125) when added at the tinme of NGF

Wi t hdr awawo(b1004860r at 3, 6, 9, or 12 hours after NG-P@irtusdecinel733 Fi gure
12 i |1 ustrat es;g: kEFRENE. FRAMIEwWoi N Whi ch somal (cel | body) and axonal
envi ronment s aleréi@Ra BAkT Kb 3-8 0dbwehows that axon degeneration is

| ocal i zed and proceeds w t hout apo;i)t osi s in Canpenot chanber studies in

whi ch NGF wi t hdr andiigire bk shsivadbaticall bediesapprar satier whendi e sripapved from
Degeneration i i i Eibtihanef | uorescence . Figure 14 shows
thgt t here ar etﬁ%%’@ﬁ%g’hié’é‘gge@é‘égﬁgﬁgﬁbéﬁ In ?’he cell body conpartnent in the
Canpenot chanber - bdiguoe a8 stayvsithdtwstny at@dns dephvelisfENGB in the gxsrecobhipagthemes t hat
cell bodies (left.panels), but not axons (right panels), in the presence of
30 M SB415 (8K rrﬁmamdt%ﬁﬂ;va%%%%spa?e-ﬁ@%ﬂ%ﬁclsgr(cppﬁ%wnp@aﬁosl R tor
TXNi ) were prahgcsedrebic@By iRcatmplagensnalii pn. Figure 16 shows that axons
(right panels), 'but not cell bodies (left panels), exposed to anti-NG
antibodi es in the giggedts agraphchawindBHS3 (EERR(dsmhdabired by deEGRRd) lewals 30 M

D715 & graph SRONPEA LT TG Pt aror i EeNa A Do Adrbdnd o
chambers i n whingh2abiuds oNIGFARRAMI 8S tHIRER badldgdxbPcdhigr@eanal envi ronment

in the presence or absence (DMBO) of 15 nM actinonycin D (ActD), 30 nM
SB415286 (SB415), ZiguidPAsEESaphathog0ziMKSB230068 nie8RradYy inareased levelrd]

(Axon) or the I ' | 4} ) Bl gur e _i§.a,mpdel ,baged dat a
fromthe screﬁgp%‘g?gér%%%rteﬁ %%*Gﬁﬁl'%#@“@éﬁﬁéﬁé%%ﬁqm BQ?H%-
ATTORNEY DOCKHbuNGQf NGHIFAhGROMER 1 @l bedylor &bavsmpdratertel | bodi es appear

smal l er when NG- is renmpved fromthe axon cqonpartnent in a Canpenot
chanmber. Figure 20 Féggngs theats thal mjarae P of @ yal varicosties;as well@saxon

conpart nent haf}/d%reﬂeﬁféﬁ %ﬁ@gfﬁe%@y&% WenGRSBASR P idMiosd QW MW ERER

condensati on. uron
(GSKi) and 15 uM Act D (TXNi1)) were added to the cell body compartment. The

addition of the axon inhibitors (10 uM AG555 (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
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.

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 comparcd
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 SODI
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 model (SOD1-Tg) as compared to a non-transgenic control (Non-Tg), and that
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may be affected by the nenbrane stain Dil.) Figure 2 1 is a graph show ng
GSK3 activity (as neasured by decreased | evel s of phosphoryl ated GSK3b) at
the startwof20NGHsuet hdrawal (t = 0) and after 1, 3, 6, ®CTAISA0AcHTONr S oOf

NGF wi t hdr aval cifrb S s@E pRBERIQIoaX0N conpartment. Figure 22 is a graph
show ng JNK aciinornNEv(IRSCKERSY 6840w aicr eased | evel s of phosphoryl at ed

JNK) at the start of N Wi_t hdr L (t = and after 1, .3, 6, 9, and 12
hours of NGF ?Hl&qsﬁwq;‘eﬂ Eﬁﬁ% @’\éﬁm&ﬂj e@isml E’Sﬁi’}é}a’f‘ﬁﬁﬁﬂﬂqﬁa@ﬁse 23
shows that a |gfogdasnber of axons with varicosities, as well as fragnented

axons, were observed when the cell body inhibitors (30 nM SB415 (GSKi) and
15 mM Act D (TXN ) Figwee 80 sicchesdhat ohet sneallomdélbcuboois bitorspd INHeA tuM FA€V0AAS), t | on

f h i i bi 0 MM LGE55 ( EGFRi d 30 M SB239 38ij t th

Son commor etk et Mool St ity ae 10 BREATR s oG 16 Shaa ) go
i gh f i i re

S o AR 8o 4 LA AT TR PR T

NGF- depri ved nkprienoni@atadtive.t h GSK, EGFR, and p38 inhibitors. Figure 25
shows that the GSK_j nhi g)itor SB415 can del a ,ax%? degeneration after

lesion. Figure 26 Shgie~t Harys bt thersmyllgpelpe PR EMAR, OBE- MIK-25 mv
GSK i nhi bi tor JWIQ%K& p%ci@%tegﬁgﬁgl%é@gél%uroﬁyg%a%?f%ﬂlgltroghg&k cel | death.

Figure 27 shows that EG-R exp nis incrtreased in a section of SCODI
nouse (Tg) spinal daogule 32 sliovadhatithersnaititmoel EdBiRnAito@d EEFR( GSFhCapaiel ), as

conpared to a -transgenic control (NTG |eft panel). Figure 28 shows
thg}[) EGFR i s M&P@?gj@g‘ﬁﬁ%@é@f’s ﬁe%‘éﬁ@gﬁgs"(lﬁd‘%f“)tﬁéﬁlaons) and that the
| evel of phosphorylagedsFGRRs(RESHRD recéptb@&eggé?%%h@a Siidhal {RySe nodel

(SODI -Tg) conpared to a non-transgenic contro Tg). Figure 29 shows
t hat t he nunbegangfonaxorss by ineoneaweltnistryt iengAn8bGHB spetitis éorrRitiR (101500 - Tg)

LU RT N M PSR I EMET AT RN
panel).

Figure 34 shows that EGFR is expressed in axons of dorsal root ganglion
neurons using immunocytochemistry.

Figure 35 shows that 100 pg/mL EGF does not induce axon degeneration
when added to dorsal root ganglion neurons and that addition of 100 pg/mL EGF
induces phosphorylation of ERK in the treated neurons.

Figure 36 shows that the EGFR ectodomain (50 pg/mL) does not block axon
degeneration induced by NGF withdrawal in dorsal root ganglion neurons.

Figure 37 shows that 3.4 uM, 11.1 uM, 33.3 uM, and 100 pM Tarceva®
(erlotinib) blocks degeneration in dorsal spinal cord explants.

Figure 38 shows that dual leucine zipper-bearing kinase (DLK) acts upstream
from JNK in axon degeneration. Transfection of a plasmid encoding wild type DLK
in 293 cells results in JNK activation (as measured by increased levels of
phosphorylated JNK) compared to cells mock-transfected with a control plasmid or a
plasmid encoding kinase-dead DLK (DI.K-KD). Knockdown of DLK expression by
siRNA in dorsal root ganglion 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).
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t he phosphorylated EGFR (pEGFR) in the ALS SOD nodel partially
co-localizes with axons. Figure 30 shows that the small nolecule inhibitors
of JNK (5wolkhBRaeas2s5), CaMKK (5 nmM STO 609), EGFR (1 miirars2d0/0stvBACE55) ,
P38 (5 MV SB23GNERLrrRE ECSKkA] WY SB415286) protect cerebel lar granule

neur ons from SgftRME8PHBOMAET R0/ sAs0iRect i on. Figure 3 1 shows that the
smal | nol ecule inhihitors of E CaMKK, JNK, and p38 protect

GFR,__GSK, j
hi ppocanpal neur ons '@Y&arnEROVEChHHMRIN kRerkdowrPgRI-E signalipgpdgarshienal vioe smal |
mol ecul e i nhi bid.EfS,Rh. EGFR, GSK, CaMKK, JNK, and p38 protect cortical
neurons agai nst 10 mM rotenone. Figure 33 shows that ErbB receptorsare
det ect ed on axons ilngutey 4B andoB dyaivytheaesuite of ompsritaynts assessingythomkpact ot r y

usi ng anti bodi ecific f GFR (top lLeft panel), Her2 (top right

panel) , Hera (BOKESRAMIENE OBMW@%H%HM%C@ sBRRGhete ingien 6%@?@@@5@%& e 34
shows t hat E@ﬁ@@cogﬁggtgﬁ&@gtogy\t@xg&ﬁzgﬁemssaI root ganglion neurons using
i mmunocytochem stry. Figure 35 shows that 100 ng/nL EGF does not induce

axon degeneration Jhgye b dedvstibatkopdkdpwn 06 DLEaaxgrassion ndug DhK sétNAt hat

addi tion of 10 / Gt i.nduces phosphoryl ation of ERK.in the treated
neurons. Fi gur@%pgﬁg(%%syf%aaﬁ‘eﬁ %e]%@fﬁo&l:f%@%ﬂ%%n'(%Vﬁﬁf‘ﬁﬁ?)e'lag'écjfdnot bl ock
axon degener atdpoptokis dotapdedy M¥EonyreAel @itah coitrol 6IRO&A (PPt gangl i on

neurons. Figure 37 shows that 3.4 mM 11.1 mM 33.3 mM and 100 nM
Tarceva(r) (erl oti di@ye bt ghovs thad Gandecdion oh sympaghstis apurans wigh a plapmiidex pl ant s.

Figure 3B showgeLial WAl HEIIR I AREL: RERELDR KLIRRE: Rkl AChGyaipet  cam

fromJNK i n axon degenerati on. ecttl on o asmd encoding wld type
DLK i n 293 celdpsptoes obmpareditoikroas transéicied wiftesplamaid enedidpywilhgpeDSEd | evel s
of phosphoryl b JNK) conpared to cells nock-transfected with a control
plasmd or a ;a)( id encodi ng ki nase-dead DLK (DLK-KD). Knockdown of DLK

gxpr ession by si RNévéwesd@rpﬁ@iD EIQRF the 2&ltd mxg%%§a£539itn§@ﬁ§biﬁd‘i9@s from
egeneration i nduced by NG withdrawal. The knockdown of "DLK exprfession
usi ng DLK si RNRegiagities 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
control kinase MLK3. Figure 43B shows immunofluorescent microscopic images of
the binding of anti-pDLK antibodies 318 and 319 to cultured 293 T cells transformed
with DLK (upper two images) or control kinase MLK3 (lower two images). Figures
43C and 43D show Western blots using JNK and phospho-JNK antibodies.
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 discase
(Figure 43A) and at the onset 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 INK in response to NGF withdrawal stress in
sympathetic neurons and dorsal root ganglion neurons; and vincristine-induced stress
in cortical neurons, as described in Example 15C and Example 14B.
Figure 46 shows the protective effect of JNK inhibitors on DRG explants
subjected to NGF withdrawal stress, as described in Example 15C.

Figure 47 depicts the results of experiments assessing the impact of silencing
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confirmed using quantitative PCR as conpared to a control siRNA (bottom
right panel).A 1 JI 1INl GNE REFERENCE: PR4267R1- WO ATTORNEY DOCKET NO.
50474/ 020M020fgsw4e. 39 shows that si RNA knockdown of DLRCSiugpe@biontyssiel ays

| ocal axon degggﬁkﬁﬁmcfbﬁh%% WwEeA and 40B depict the results of
experiment s asgpRERNIY HHEKETRO 04 fo2dwdfe knockdown on NGF wi t hdr avval -i nduced

synpat hetic n tion using phase contrast m croscop
vi sual i ze neuriﬂqgf1 I&?%u:ﬂg{(gl iy ¥idy gﬂ‘fg{mﬁ%mméﬁ @EKD&FDP%%‘TS(%‘ usi ng

DLK si RNA ( DLKJxoR/deE&6tafion YHRALH GhbENOEUTiB Sl 9HasS aa%&s%lab&ﬁ'n'tx @
vi ncri stine-induced apoptosis conpared to neurons treated wth a control

Si RNA (NT). FiltW.e 42 shows that transfection of synpathetic neurons with a

b Char awel -1 nduced AURE b8 L g an et of BT KSR SALHT pBEH SRRAOGReh 5 pl asm d

encodi ng W | d duyaeal B KortiBli kuroftd. AU E@S 448 Ahst3Ahs ROt bIBLK S A Sn@Eontrol
experinents assessing the binding specificities of the anti-pDLK anti bodi es

described in BB @ themrvipplpfsenpghetisiswonvest ern bl ot anal yses of the

bi ndi ng of each of e rel Kin
the presence of a d% nang ne%@@%ﬁﬁ‘)g SSES g?}g% nase %%E%%e

43B shows imnm@bhpleag@maniecept@ﬁ@@mm%mw &flot)? kb pebivag NGE ant i - pDLK
anti bodi es 318 and 319 to cultured 293T cells transforned with DLK (upper
two i nages) orwewﬁwaitm%%%@ew%mm&ﬁéﬁs two i mages). Figures 43C and 43D

show Western bl ots g rQSO‘P%E of 1 W&oé%s?sﬁ%ﬁ&%ﬁﬂ tgoggéﬁ ﬂ% and

44B show bi nding of anti - odi es spl na cord

sections in widd aM@elaxm@tsmvemN@ﬁwlmu@efaamd@m dsg@g@uoﬂi nﬂDRG&SG (Figure
43A) and at the onset of synptons (Figure 44B). gure 44C deg{bcts West ern
bl ot anal yses of p@gweéhmseé%r%@mlqrwaw@ Shﬁwﬁﬁwbﬂltwé@ He/nldi sease

patient corti 4 B.Jepsct Lthe.re of
exper i ment s ag(ge Egl ng fﬁgg}fﬁ]ggérﬁ%m? é)xma(gm 11&15b1tor o protem 51gnals1ng) 10 prevent
NGF withdrawal-induced degeneration in DRGs.
Figure 52 is a set of immunomicrographs of rat hippocampal neurons showing
the effect of expression of active mutant GSK (GSK3S9A), wild type TCF4, and

mutant inactive TCF4 on degeneration.

DETAILED DESCRIPTION OF THE INVENTION

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
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 3 (GSK3p), p38 mitogen-activated
protein kinase (p38 MAPK), epidermal growth factor receptor (EGFR),
phosphoinositide 3 kinase (PI3K), cyclin-dependent kinase 5 (Cdk5), adenylyl
cyclase, c-Jun N-terminal kinase (JNK), BCL2-associated X protcin (Bax), Ih channel,
calcium/calmodulin-dependent protein kinase kinase (CaMKXK), a G-protein, a G-

protein coupled receptor, transcription factor 4 (TCF4), B-catenin, transcription, and
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tion

ceatenid bet-1. hetapntepig SANNBHGENBI nhi BP108100H&9 r
but t heNf’é{’Pgéi@o of t
NP_001895

TCT4

Transcription factor 4, E2-2, 1TF2, SEF2, SEF2-
1, SEF2-1A, SEF2-1B

AAI25085
NP_001077431
NP_003190
EAW63024
EAW63023
EAW63022
EAW63021
EAW63020
EAW63019
EAW63018
EAW63017
AAI25086
QONQBO

p38 Mitogen-activated
protein kinase

p38alpha (MAPK14, CSBP2, Crkl, Csbpl,
MGC102436, Mxi2, PRKM14, PRKMI5, p38,
p38-alpha, p38MAPK, p38a,

p38alpha, OTTMUSP00000021706; cytokine
suppressive anti-inflammatory drug binding
protein 1; mitogen activated protein kinase 14;
p38 MAP Kkinase alpha; p38 MAPK; p38 alpha;
tRNA synthetase cofactor p38)

p38beta (MAPK11,DKFZp586C1322, P38b,
Prkm11, Sapk2, Sapk2b, p38-2,

p38beta2, mitogen activated protein kinase 11;
protein kinase, mitogen activated kinase, 11,
p38beta)

p38delta (MAPK13, SAPKA4,

Serkd4, OTTMUSP00000028863;
SAPK/Erk/kinase 4; mitogen activated protein
kinase 13; p38 delta MAP kinase)

p38gamma (MAPK12, AW 123708, Erké,
Prkm12, Sapk3, mitogen activated protein kinase
12; stress activated protein kinase 3)

NP_002736.3
NP_620407
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Table 1. The t

di ng all natur
lelic variant

guences,
gues, and frag
sent i nvention|
50474/ 020\WO2GNE
ATiLINIT GNE
"l sol ated" when

means a protejn

froma conponent of

its natural environnent. Cc ‘i‘?f“ﬁ’ seéy@ ﬁ‘% ‘teée" i ts patural environnent
are materialg that may inte ! Z?“Cﬂ] %@?l n therapy or
onco homo og-Ii Zatlc h
anti body production) for thqeu ﬁ%ﬂmm mﬂB enzymes, hornones,
and ot her prQtglRAGERMS 0T TR IRR mgqu)umé S’NIHL FEKMQ T NFb38eh>
embodi ment s, |theinkial8INK | ISAPRE nofAf INRETHil) mierd deQr BeadHkivl Cient o
obtain at |east 15 resi dues aafvaddf@amtinals prnrksnexaal amigssaei d sequence
by use of a gpinning cup sequenatoN erairdkiodse @); MAPK® honpgene7dily by SDSPAGE
JNK2; SAPK; p54a; INK2A; INK2B; PRKM9; NP_620634
INK-55; INK2BETA; p54aSAPK; INK2ZALPHA | NP_620635
JNK-3; Jun N-terminal kinase (3); MAPK10; NP_620637
JNK3; INK3A; PRKM10; p493F12; FLJ12099;
FLJ33785; MGC50974; p54bSAPK
Calcium/calmodulin- CAMKKA; CAMKK alpha protein; CaM-KK NP_115670
dependent protein alpha; CaM-kinase IV kinase; CaM-kinase kinase | NP_757343
kinase beta alpha; CaMKK 1; CaMKK alpha; NP_757344
(CaMKbeta) calcium/calmodulin-dependent protein kinase
kinase alpha; calcium/calmodulin-dependent
protein kinase 1 alpha; calcium/calmodulin-
dependent protein kinase kinase 1, alpha
CAMKKB; CAMKK beta protein; CaM-KK beta; | NP_006540
CaM-kinase kinase beta; CaMKK beta; NP_705719
calcium/calmodulin-dependent protein kinase NP_705720
kinase beta; NP_757363
calcium/calmodulin-dependent protein kinase NP_757364
beta; NP_757365
calcium/calmodulin-dependent protein kinase NP_757380
kinase 2, beta; calcium/calmodulin-dependent
protein kinase kinase 2, beta
dual leucine zipper- DLK, DLK 1,fetal antigen 1 (FA1), PG2, PREF-1, | NP_003827
bearing kinase PREF1, ZOG, delta-lika protein dlk, pG2, ABC26857
preadipocyte factor | EAWS81713
EAWS81712
EAWS81711
AAH14015
AAHL13197
AAHO07741
P80370
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under

stain, and/or

non-reduci ng or reducing conditions using Coomassie blue or silver

(iii) to honpbgeneity by mass spectroscopic or peptide mapping

t echni queso 2DHnII4&44ed protein includes protein in situ WPCHiUS2000061783 nant

cells, as at I NeRUpRBsN wh the natural environnment of the protein
in question w deuN BEESER a7 Wiy 11y, however, isolated protein wll
be prepared by—at—least nnnHﬁuLLLLgaLLgn_sLep__LsgLaLed farnpf proteins as
descri bed herﬁ?ﬁm?HP“W?égne %kT%%FgﬁﬂT“%%HQH@“ﬂééHWF% ERATHAM | bodi ek as
descri bed here ﬁmzﬁﬁﬁ£" .q: afr-get—proteins—Ar—iseta “A%IIE Fete—agi d
nol ecule is a ? nol'ecul e that is |dent|f|ed and—gébarated from
at |east one QQQ&%NE&%Q[ n Q&ﬁhﬁd&&ﬁ@ltAﬂd#i HQAMW“ M Gorig ordinprily
associated in the natural slapHieRseqt): A1 Iﬁm&wﬁgkﬁ i nfquestion. An
i sol ated nuclleic acid nol ec aé/calﬁodahﬂlﬁﬁvate anylyNcytle, form or setting i
which it is flound i n natur €. Adsblcai®ek hidt|BiiCadaglad cyrteecul es therefore are
di stingui shed fromthe nuclieic acid nol ecules as they exist in natura
cells. However, an isol at ed Ageivbivelasae (APGYB): 8SidyeiciAMP udbB 0n1483 ei ¢ ac| d
mol ecul es contai ned in cel | [sYilKiie @ diparophospheischipse€@s such nucl ei ¢ aci f
nol ecul e wherle, for exanpl €, ad‘“t“ ale pgarePe latdrlemsydsad e {s in a chronosonal
| ocati on difflerent frorr1thaAenlaecc|ljaS ce SenviAD nple of an isol ated
. . a enyl £ Cy, ]Fse .
nucleic acid |nmolecule is onqkh% P fg 53" KI QP o5aE4IENCES Wi th
which it is cdontiguous in aIggﬁg&ﬁ&e§gg§5@gﬂma§dg§@g: reln, the terng
"ant agoni st" [and "i nhi bi t or|'vinefi@kyt.lage ok canakie of | bl ocki ng,
neutralizing,| i nhibiting, abrogatidaglyl gedeaci ng and/ or ipterfering with one
or nore of the activities dqafadéngrigetissedtadior reduci ng the expression of one
or nore target proteins (or|aheylexpessiaon of nucl ei ¢ acids encodi ng pne or
nmore target proteins) as de§€@ﬂ§éﬂmh%§é$%w34ﬁ§VKPH@PUde for exanpl e,
anti bodi es, pol ypeptides, p lt c? ELFL‘K ci g ol ecul es, short
interfering RNAs (si RNAs) arj e PRI REFERE\ICE: PR4267R1- WD
ATTORNEY DOCKET NO. 50474/0Q eéy’g@e@',&a%sy;\@'%?oz 2 mol ecul es (e.pg.,
smal | inorgani c nol ecul es), a@glmgg@§£@@hgﬁsnggﬂMﬁ ofi des, aptaners, and
pepti bodi es. |Ant agoni sts or| aiaftbiykiees (QeyDAaKITTYl ar targets as descrj bed
herein (i.e target s ot her| MG@n1sagedyyly kyckyeaypasa) general ly i nhibit or
decrease axon degener ati on |(adengate cyblyse §{Adc@asW1D@B, 15% | 20% 25% 30% 35%
D16Wsub5e, mKIAA0520)
adenylate cyclase 10 (Adcy10, 4930431D04Rik,
4931412F17, Sacy, sAC,
OTTMUSP00000023839; soluble adenylyl
cyclase; testicular soluble adenylyl cyclase)
Th Channel HCNI; hyperpolarization activated cyclic NP_066550
nucleotide-gated potassium channel 1; brain
cyclic nucleotide-gated channel 1; BCNG-1;
HAC-2 NP_001185
HCN2; hyperpolarization activated cyclic
nucleotide-gated potassium channel 2; brain
cyclic nucleotide-gated channel 2; BCNG-2;
HAC-1
HCN3; KIAA1535; MGC131493; NP 065948
OTTHUMPO00000034062; hyperpolarization
activated cyclic nucleotide-gated potassium
channel 3; potassium/sodium hyperpolarization-
activated cyclic nucleotide-gated
channel 3 NP 005468
HCN4; hyperpolarization activated cyclic
nucleotide-gated potassium channel 4
BCL2-associated X apoptosis regulator BAX; BCL2L4 Q07812
protein (Bax) NP 004315
NP 620116
NP_620118
NP_620119
NP 620120
Transcription Actinomycin D

16



40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95% or even 100%
decrease conpared to a control that is untreated with the inhibitor), as
descri bedeer)m/ms44An i nhi bi tor may decrease the activit pCcanstam/0ewps essi on

of a target ﬁkﬁnﬁ& 1‘9(4)(e g., by at least 15% 20% 25% 30%
35% 40% 45%A15|Q9{QN @C %/oitﬂ\%)z 75% 80% 85% 90% or even 100%
decrease) as conpargd to the ex ression and/qr activity of the target

protein that is unt R ‘Weflh‘s%dﬁé deseribe thegprioys preseirs disglasadi hsepin, maps t or

is an agent C?\é)ﬁ?{eﬁl @t HSBERATLRGh B & gaﬂa%H%Xd/gFﬁgoveréﬁ ﬁ@%gc&gﬁ%%w@ or

t he expressio a DLK protern (or a nuclerc acid enco protein)
and/ or deceasi imgpatthld eamlrmnmdny @miﬁmma@qompssemfofs natueal envirmmirenpdret ei NS

nvol ved in a nal i n th JNKI, JINK2, J , cJun (e.qg.,

IcJ un- 63 and cJ’HD!ﬁ 7%5 %aW%ﬂg‘tegﬁ mvﬁes %a‘ﬁﬁ B‘sth?fﬁpw&ngl;légé}r?%’ﬁ“?@ﬁ%i tors
include si RNA {iphReh @8d hix tinc‘liﬁféreﬁﬁﬁﬁ‘est%n%ﬁ&r SREIRY pRiteifaddbid &ingpaci d
encodi ng DLK (e. g desira a sequence of GCACT GAR TTGGAC AACTCTT (SEQ I D

NO 1), GAGTT@I@@MW@t@@Tﬂn(ng@smm@mems theBH QLT CELET OBHEAGA 32T ( SEQ

GRAAGACCTT CACRRIART At P o) {5 it cheibineisteine s no

6) , GCCGTGICClekpkiade BAIR BT a bk BupNdquenator ind AGHAChbcASHNCRSIGET T ( SEQ

ID NGO 8)), JNKI a sequence targetl ng the JNKI sequence of
TTGGATGAAGCC APﬁ‘é&éam%Ane wredueipe Roreduging copdikmng wsige Coemassigidircas silygrget i ng

TAR?IS\A‘II\'I%CISJ? ‘?’EIJ'%I{TE%‘?* aﬂqjﬂﬁﬁ@éﬁ @é%%éﬁ%ﬁ@ %Iéﬁ)(s é(ﬁ)g&ll ﬂé%pggquéfg%ego targeting

the INK3 sequerdeiqts JSOBEAPBTET GEGEATTHCANN(SBEQIhD NDdmERN cels)amnat(e. g. ,
cJun-63 and cJun-73 VKK4, ? d MKK7. Additi ona}é exanpl es of DLK i nhi bitors
i ncl ude ant i boBiSE& G IeMPOBFHQ ﬁ'anammzn‘ﬁmfr@flho (e Jyoteininqupign &dll paklie

recogni ze unphpsRROTOUALER, MW@EP%E@J&/&%&%MT@A% b@sclt fehg oRd 7. 318,
319, 320, 321, and 322 anfibodi es described herein), JNK, JNK2, JNK3, cJun

(e.g., cJun- GQUaIﬁGat@@GFf‘—p?@Olatmet praginsas N%Kﬂbed hﬁmllb((trcffmsl_m@mts ﬂlN_l@@ct ivity
(280 202508 B b RO S Bl B b O

An “isolated” nucleic acid molecule is a nuclelc acid molecule that is
identified and separated from at least one contaminant nucleic acid molecule with
which it is ordinarily associated in the natural source of the nucleic acid in question.
An isolated nucleic acid molecule is other than in the form or setting in which it is
found in nature. Isolated nucleic acid molecules therefore are distinguished from the
nucleic acid molecules as they exist in natural cells. However, an isolated nucleic
acid molecule includes nucleic acid molecules contained in cells that ordinarily
express such nucleic acid molecule where, for example, the nucleic acid molecule is
in a chromosomal location different from that of natural cells. An example of an
isolated nucleic acid molecule is one lacking 5° and/or 3” flanking sequences with
which it is contiguous in a natural setting.

As used herein, the terms “antagonist” and “inhibitor” refer to agents capable
of blocking, neutralizing, inhibiting, abrogating, reducing and/or interfering with one
or more of the activities of targets and/or reducing the expression of one or more
target proteins (or the expression of nucleic acids encoding one or more target
proteins) as described herein. They include, for example, antibodies, polypeptides,

peptides, nucleic acid molecules, short interfering RNAs (siRNAs) and other
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JNKVI'II inhibitor, AS601245, and XG 1 02, as well as Catal og Nos. 4201 19,
420130, 420131, 420123, 420116, 4201 18, 420136, 420129, 420135, 420134,
420133, 420]241];(041%,_ 420128 from ENVD Bi osci ences); i nhi biPCorus2a0/054831

activity (e. g.@ﬁ It PRBeI1GvHNNi bitors described in WO 04/058764),

and i nhi bi t or sy i pEEEFVASSodB0fwod Nhi bitors described in U S, Patent
No. 7,195,894 and WD _04/002532). A DLK inhibitor may al so be a dom nant
negati ve for miBhibitpyddtAy emall piotseiss (o semplidperiganie aolesulgsicpalysecearides,

encodi ng a do 'On:% t r a_ ki = : ein),
such ang278ArBDI£K, Elggtgc%%i d&%&%ﬁ%g&@%ﬁb%n %%Ogl?s?se%gllﬁﬁié@zrls p!aer g%rrai n of
DLK. Anot her ex@ntslagdekribml Hendin Giet, vargéts other' tBGKR1ehylyhdychisd) @enéral 3SKRibit
inhibitor refers to an agent capabl e of decreasi t actiylity. and/ or
expr essi on of (K%R%‘Bas(jéf‘org‘?%’&qr%tr‘)@ (S@ngé E%?&Vd @&9@%’&%&% g@"dﬁ:/ﬁeasi ng
the activity amgi asod, B6%S5% 85080, SRYRT0AN Q! 30D 889RDOICONT, drQUer] (BE! €I C

acid encoding the one or nore proteins) that activate GSK3b or the
expressi on or deerepsg qoypeted dhe cantrohthaeis smiyeatedayids the fint@8i@) as Ssoribadmi ti ng

exanpl es of K3b i phihit.ors include SB415286,., GSK3b i nhibitor |, .GSK3b
b bi tor vt 1 eEakan B sy M et iy %ie§%rFSS%“|9faé?{é‘?tlpf‘_?tFﬂPG_LsPPh
chloride. An adatt 10Pade.ce X3P leastalv@n0dsnhidk] 3094, 3586, 309G 9% 03084, 155843 hi bi tor .
A Gprotein inhibitor refers to an agent capabl e of decreasing the activity
and/ or expr essi0Gh 68%%: dhE: BrYontd e 8629 PRYepryenl 0Q% dewdease s compited tateept or s
(GPCRs) (or t ' . ' ' . [

G protein or & ey AR AR oo BB CnSldR B BUIRE A o o
one or nore prol« signdiogmnstivieaiisah agerBegrableaif de@easing @RCRtivIND (e d. ) kThdsk ng
exanples of a G.protein inhibitor include si RNA nol ecul es that decrease the
| evel of expr @52?‘8’3 O Fhe £X PG} a&é{%p@ﬁﬁﬁ&qrﬁ&uﬁle@%fdﬁné?qin%? DEKGper, an

anti body or p%&t@eiﬁ?ﬂﬂd/@ﬁﬁ_&e&@fng% deAvRy &dﬂfr%&?‘;&a@r of SRR mBfe IﬂoéfﬂggaCR

mol ecul e or peptide that inhibits the activi a Gprotcin or
(e.g., SCH2026Telwdnpdikisighalingpribnpy (edpotel, JAK2nPY I3 o urae.g. ehibb or is a

LFCE ey LSS B LI SLR 4 R P2

aci d encodi ng sHGRR)maowlha eedreas tir@xphesion of a nucleic acid encoding DLK (e.g.,
desirably, a sequence of GCACTGAATTGGACAACTCTT (SEQ ID NO: 1),
GAGTTGTCCAATTCAGTGCTT (SEQ ID NO: 2), GGACATCGCCTCCGCTGA
TTT (SEQ ID NO: 3), or ATCAGCGGAGGCGATGTCCTT (SEQ ID NO: 4), or
GCAAGACCCGTCACCGAAATT (SEQ ID NO: 5), TTTCGGTGACGGG
TCTTGCTT (SEQ ID NO: 6), GCGGTGTCCTGGTCTACTATT (SEQ ID NO: 7), or
TAGTAGACCAGGACACCGCTT (SEQ ID NO: 8)), JNK1 (e.g., a sequence
targeting the JNK1 sequence of TTGGATGAAGCCATTAGACTA (SEQ ID NO: 9)),
JNK2 (e.g., a sequence targeting the JNK2 sequence of ACCTTTAATGGACAA
CATTAA (SEQ ID NO: 10) or AAGGATTAGCTTTGTATCATA (SEQ ID NO:
11)), JNK3 (e.g., a sequence targeting the JNK3 sequence of CCCGCATGTGTCT
GTATTCAA (SEQ ID NO: 12)), cJun (e.g., cJun-63 and cJun-73), MKK4, and
MKK?7. Additional examples of DLK inhibitors include antibodies that bind to a
DLK protein (e.g., antibodies that recognize unphosphorylated or phosphorylated
DLK, such as the 317, 318, 319, 320, 321, and 322 antibodies described herein),
JNK1, JNK2, INK3, cJun (e.g., cJun-63 and cJun-73), MKK4, and/or MKK7;
inhibitors of JNK activity (e.g., SC-202673, SY-CC-401, SP600125, INKV inhibitor,
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activity and/or the expression of one or nore proteins that function
downstream of EGFR in the cell (e.g., p38 MAPK, CAMKK, and JNK).

Non-1im twogom%%&?bes ofi I GNE REFERENCE: PR4A267R1- WO ATTORNEY/OROEKET NO
50474/ 0202 RPAR) Lwhs include inhibitors of EGFR (e.g.
erlotinib, tyrm%%ﬁé(é)fgg 43,‘3,%1@&42/ AG 490, AGB55, AX94, and PDI
68393), inhibitors of B203580, SB239063, SB202190, and
SB239069), i nhiNgtY %k 'gﬂore:/s\ml?(“é d XG;#@Q%%@“ ag fadtalages Fed 920336k

e.g., SP6001 0 f36E830R i ncl ude
<(31nt|gbod| es angégé%?ggg%%egﬁtl%g?@gﬂn&g%%@3IgGF 29%&6%&?@@W§%nd/ or JNK;

and si RNA nol eB0l4% anthd10138 droeaEk B}@scames)smhﬂmomfof dMieK dnctivity €e.gucl ei ¢
acids that encode t.hat functi.o eam, of . EGF e cell
(o o ' arr | ageRpRd BRIAHETR destibesniyro AYUSEHAE Bk S o
inhibitor is aaciit\Me. iimkIbidr @éscribAl ieAMKP kb NG 1, 095 mfaﬁaaswmmmzm
capabl e of decream;g ‘the acti vi ty and/ or expreSS| on of CAMKb protein (or a

nucl ei ¢ acid eh&ddi mgibaanay alanby @)dora@@mtmsatwg fQItTeord@maSv-ld@@d farmlbﬁDLK

expressi on of t hat funct ownst r eam o n t he
ol 1 S Ron 1 ¢ miff e SR CLE Ehlition Mo bl RS KPSl

pepti bodi es t ALK ppa¢iny, sehlds 208 AOIIKQ SCAMKIDE Ka$d 554 BINK, aRd fh@llkhﬁfhet ter
decrease the expre55|on of one or nore nucleic acids that encode b or a

protein that fdomain ofddlfownst r eam of CAMKb. Anot her exanpl e of an inhibitor

i s a "cdk5 inhibi t%no%he‘?‘ef ejaf'i}li inxi%R& il gf‘ﬁgﬁéé%}l ge@élf%?%bm%r of

decreaS|ng t he activity and/’or expression o elrn nucl ei c

aci d encodi ng refik&) anagno tapdblerod dsira@ing ik @ﬁwy/aﬁdyora:m@/e@sﬁomm @aaof one
or nore proteins that function downstreamof cdk5 in the cell. Non-limting

exanpl es of cdwsleiafsidaneedise GREBAYdamdepromineshanativie ped/polic epression of
specifically bjnd, %r KRin z&d%lﬂc%c@én%gﬁr%% etorr]f'ea‘tor gl%feé)ero Seﬁlﬁ)ttl[ﬂ expressi on

of one or nore nuc éga0| encode C UnCtIOHS

downst r eam of aetidic GAK3B@dtHeIeQﬁ1%bsuﬁ1X@rﬁbhﬁtnyf oRl oi mbt@ubmdtds%f askbgr4
inhibitor." A TCF4 inhibitor refers to an agent capabl e of decreasing the

activity and/ dYorebipitig skanplet of (e [hindibétors ipdrdeaSBRICL &, GESiBdnkihterdi ng
TCF4) and/ or d(%ﬁﬁf‘ 1‘?1&11%%0;[ {)ﬁ, égf(kfy lIthbl%?q/Iﬁ,rG&é% %ﬁ%ltor XPI and lithium

chloride.

An additional example of an inhibitor is a “G-protein inhibitor.” A G-protein
inhibitor refers to an agent capable of decreasing the activity and/or expression of one
or more G-proteins or G-protein coupled receptors (GPCRs) (or the expression of one
or more nucleic acids encoding a G-protein or a GPCR), and/or decreasing the activity
and/or expression of one or more proteins downstream of a G-protein or a GPCR.
Non-limiting examples of a G-protein inhibitor include siRNA molecules that
decrease the level of expression of a nucleic acid encoding a G-protein or a GPCR, an
antibody or peptibody that binds to a G-protein or GPCR, or a small molecule or
peptide that inhibits the activity of a G-protcin or GPCR (e.g., SCH202676 and
pertussis toxin).

Another example of an inhibitor is a “EGFR pathway inhibitor.” EGFR
pathway inhibitor refers to an agent capable of decreasing the activity and/or
expression of EGFR protein (or a nucleic acid encoding EGFR) and/or decreasing the
activity and/or the expression of one or more proteins that function downstream of

EGFR in the cell (e.g., p38 MAPK, CAMKK, and JNK). Non-limiting examples of
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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
protei n ewoadedibmea gene regul ated by TCF4, and si RNA molrasadesct7dat
decrease the %ﬂﬁﬁﬁm&fPﬂﬁ%ﬂrwabre nucl ei c acids that encode TCF4 or
decrease the EA(ﬂF(ﬁﬁﬁ;IYqu RNyosweeded by a gene regul ated by TCF4.1

GNE REFERENCE: 42 ATTORN . 50474/ Q20\WO2 An addi ti onal
exanpl e of an E&ﬁ BROYRY ?’/‘gbétorsﬂn@'é{eelm‘ﬁ“?rﬁﬁf bCES (8., ﬁ\rl%m&'éztt@ﬁh?ﬁtm@fﬂ'ér s to

an agent capa%heéun@@r/&@&@oqmbﬁs ARI4oM! 4 PIIEREG3)\ Xy &%'o?g Cat enin
protein (or a nucleic acid encoding "b- catenin) and/ or decreasi ng t

activity and/ de-geXpRe3s¥0oBBBTI063.gdH02 t ¥y ahhBBLBINGI); bﬂld:a{lmsmfrCAd‘leKe(lerg,

Non-limting cat eni.n i nhi,hi i hel ude, anti

pept i bodi es tmt@c?‘ﬁ Bglblt?fsﬁfﬁ&ﬁt(%gbk%@@ n‘“@’ﬂ l%abmﬁﬁotﬁggged by a
gene regul at echakiway-israbiests heludb dntioBNA ARbERUbESs ﬂlﬁtaam&@%@a@ 38 REAPK,
expression of one or nore nucleic acids t at encode b-catenin or decrease

the expressi orfCoMKdh aniiiNehcadetR 4 replepaies thaég@qr@aseﬂxemyprbsm(efmnn or An
addi ti onal exa}gglje%ugléltc%&dé I[QchE)?ga r%te%'i‘tha g(q}/on 0?% Jlt’lgrl_tlehe

adenyl cyclase Inhi ers 2 agen capa ecr easi

activity and/ Qfell(ﬂ%@:EGFRppB&MAMQWKK@h&B@M@t e| n (or a nucleic acid
encodi ng adenyl cyc|asge) and/or decreasing the activi 'é%‘ and/ or e ressi on
of one or nore prot/l Wéilttqlié]texﬁ’(ﬁlﬁ@tq @ﬂlmﬂsrae&ﬁlﬁﬁﬁd Rifpr ccFANKA n t he

cel I. Non-1i mlhfllB or%f%gp[l)g t?’%ﬁﬁ%lof 8 @glg r‘%l;l/elneﬁzltlpft)f Qr{d%r egﬁljg%go tibodies

and pepti bodi es that speC| cycl ase,

nol ecul es t hatCAeEpgaseRit (bea audicie asid eﬁboafngcmeMmB) Bid/6r dedfehsih€thaatwhdtyt hat
encode adenyl cyclase or a protein that functions downstream of adenyl
cycl ase. Addi t%né/rﬁ’ﬁFXIé?SéiWﬁl(’é@an ra@rémqtelegxthma&lectiqmﬁomn@tm@ HAMES inthe |

d d
NKH 77y The 5 bt R gl RS o i RO orEEEL RSy lPaty an BB g

capabl e of i theﬁ@ﬁédﬂg:aﬂff bivdlib CAMRB, é?xﬂ%lRNA'ﬂiQﬂ&qus tﬁahﬁe@é?arsé Wk ek Sr8ss@tn
targets as described herein, and include, for exanple, antibodies,

pol ypepti des, Oé@p‘t primere HNQ@C@P@S Het enavdt EAMIER or & hiokein that Einétams ng RNAs
(si RNAs) or ot |nh| %@MZ smal | nol ecules (e.g., small inorganic
nol ecul es), po Wéliéecaﬁla? Bool ynucl eot i des, aptaners, and

Another example of an inhibitor is a “cdk5 inhibitor.” A cdk5 inhibitor refers
to an agent capable of decreasing the activity and/or expression of ¢dk5 protein (or a
nucleic acid encoding cdk5) and/or decreasing the activity and/or expression of one or
more proteins that function downstream of ¢dkS5 in the cell. Non-limiting examples of
cdkS5 inhibitors include antibodies and peptibodies that specifically bind to cdk5, and
siRNA molecules that decrease the expression of one or more nucleic acids that
encode cdkS or a protein that functions downstream of cdk5.

An additional example of an inhibitor is a “TCF4 inhibitor.” A TCF4 inhibitor
refers to an agent capable of decreasing the activity and/or expression of TCF4 protein
(or a nucleic acid encoding TCF4) and/or decreasing the activity and/or expression of
a gene regulated by TCF4 protein. Non-limiting examples of TCF4 inhibitors include
antibodies and peptibodies that specifically bind to TCF4 or a protein encoded by a
gene regulated by TCF4, and siRNA molecules that decrease the expression of one or
more nucleic acids that encode TCF4 or decrease the expression of an mRNA encoded

by a gene regulated by TCF4.
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pepti bodi es. Agonists or activators of adenylyl cyclase as described herein
generally inhibit or decrease axon degeneration, while agonists or
acti vat orwoab1yfaesdet her particul ar targets described hepeiruseas/obes33

consi dered t0 @6 k¥ALENEOPREBEEREHAL i ON. The term "antibody" herein is
used i n the bropdasicysSsnGe&EUGsiFhieavdn the art and specifically covers,
for exanple, intact antibodies, nonoclonal antibodies, polyclonal

anti bodi es, nonospett 39ditionak samalcad an inhibifos per Tl-catenim inhiiigr- ¢ A Pecatgnin

bi ifi tJ i f f. ] : i t ti i es,.antibod
ragnent s, pr ooty p et HFESte ol AR bine e b sl prs STl A BBy, and
i ntrabodi es. G\iroBERERENGRic R4 26000Rkhe B AR ERMEY oA EindNRe 26844 ERPWD2 The

term "nonocl onal antibody” as used herein refers to an antibody obtai ned
from a popul atSxgressen ef fozene MguktddbyhGrstrarepatina MY dnbloditeg examples ofiflre

i ndi vi dual i bodi.es. i Sj At | ati Q. i dentj cal t f
possi bl 6 nat urARG BRBLTT ey e 4Eane Re ey DBt WeGDEN TN fikor
amounts.  MNOChRAR ordaPrbBiadtheficdb§ a R YeYuIRE6Y BlaienRehRkiRNAEREIED Q91 NSt

a single antigenic site or epitope. Furthernore, in contrast to polyclonal
anti body pr epdhatdeansse thendxptessioc biiahe odinflkemaidic anidd thatdinesledi-capaiieck agai nst

different determ nants (epitopes), each nocl onal antibody is directed
agai nst a si nd{eéreﬁis@tt%"r ‘?ﬁgjﬁ%ﬁf’n Bﬁa‘gﬁ‘i‘méfﬁ frsaded hyp %HF%@“@Fthbd Rr-grdgmin.

speci ficity, nmonoclanadinki 2ebrSrak %h%ﬂ%@%t&%@éﬁ@ waafs@g&gﬁﬂaﬁy ApY be
synt hesi zed so that they are uncontam nated by othér "anti bodi es. e
modi fi er " moncdkmyhayclase mbilytor exfers hearcipnoepatle of ddcteesiagthielotiyityamdioei ng

obt ai ned from a_substanti ally.honbgeneous ulation.of antjbodies, and is
not to be consetxp{?ésdorb%neﬁd@%?%il??ﬁ Pbﬁﬂaﬁ%fﬁ rﬁﬁ% aq eél_cﬁ‘?fﬁ B‘%&Q}f %§%§§y _
particul ar nmetdne@: décddasir Macvity 4R/ ITRRPCLMIAIS AR b ROFH Rtein® e fike8sh I N
accordance with the present invention nay be made by the hybridoma net hod

first descri belWpstraaheiadeny cyglase inde geld| NosEmitis qxagphy of glenvleyclbs made by

r ecombi nant . e, e.0., U.S .Patent . 1Aa.816, 567 The
" monocl onal % lgﬁg%?ge{gﬁld%a%@%é’ldls%%%p ?pélgf)%tlf’ Se%‘a'fslp 8‘%%@&’@%&&?‘?}%&?%5& aries
using, for exanpk®NA hpldcalehhatdteteastene exfediond ChackaoR natlelacids Mat ur e

352: 624- 628, 1991, and Marks et al., J. Ml Biol. 222:581-597, 1991.
Ant i bodi es sp&BFIde@deny cyclase grreProtain thet fusctions dpwpyicam of adeam] eislase.por ti on of

the heavy and/Qfgitdndidxafipfs e L(:Fen&lldtgrgltageci%ib%lts@nc%de@ﬂgﬁlng)cggclﬁestﬁ?at inhibit
correspondi ng sequences
the activity of adenyl cyclase (e.g., forksolin and NKH 477).

The terms “agonist” or “activator” as used herein refer to agents capable of
increasing or activating one or more of the activities of targets as described herein,
and include, for example, antibodies, polypeptides, peptides, nucleic acid molecules,
short interfering RNAs (siRNAs) or other inhibitory RNAs, small molecules (e.g.,
small inorganic molecules), polysaccharides, polynucleotides, aptamers, and
peptibodies. Agonists or activators of adenylyl cyclase as described herein generally
inhibit or decrease axon degeneration, while agonists or activators of the other
particular targets described herein can be considered to activate axon degeneration.

The term “antibody” herein is used in the broadest sense understood in the art
and specifically covers, for example, intact antibodies, monoclonal antibodies,
polyclonal antibodies, monospecific antibodies, multispecific antibodies (e.g.,

bispecific antibodies) formed from at least two intact antibodies, antibody fragments,

provided that they exhibit the desired biological activity, and intrabodies.
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in anti bodies derived froma particular species or belonging to a

particul ar anti body class or subclass, while the remai nder of the chain(s)
i s identiwel2ow/a4be4er honol ogous to correspondi ng sequen®es/lUispoo6i7BDAI es
derived from agGt REFrISRRS: BRu8fRIBELONYI NG to anot her antibody class or

subcl ass, as WettorEY BAAKBING. s8f748060ANt | bodi es, provided that they
exhi bit the desired_biol ogical acti VE(%_%(aU S. Patent No. 4,816,567, and
U.

Morrison et al., Prid erRhmonoglogy an gused hereingigters gggamntibagiy pptainedi ner i ¢

antibodi es of _jrith &I BilaftH otisiod BT RSB AfthM| ROGhERIRIRL | S1 NG
vari abl e domai n anti gen-bi ndi ng sequences derive roma non-human prinmate

(e.g., Od Wridntibibeskeynprising thegpapulatiamerehidamtival caeept fonpossédé naturskyjuences.
"Anti body fragnents" c rise a portion of an intact gntibody, such as the
anti gen- bi ndi ng or¢ &} ?%%P%&ra'é@?}é eli’rﬁ%er%’é‘fmln%(%{ﬂ‘b‘}“gss Ig?noéﬁ’ﬂ’?%ﬁl&;mﬁ?sagrrent s
includedT / V1 ardh PESTRRBMGE dirBRéPaRLr ¥\Gh AL AhNEY o,

50474/ 02002 Fa;b,%gfbs .. F( aﬁ g an% Fv f raﬁent S, di abodi gis}? | i near

anti bodi es; arfdrdemireie peitrestda pplyslepalmpiieedylpsepardties, vdidh inchude difprsat i c
anti body” is 0 g I ~Sen n ifically covers an anti body
conprising a E%gg%dlg%%%gte@gg%%%?gﬁ glﬁggtﬁ%zlwgg:ﬁﬁ@aegfF%‘%‘tm%nﬁﬁloﬂalyari abl e
domain (VL) , anhbody it Giecid\dgaingy 4 silads dfeinyiedit bo ph Sntfpe Clnf ddditioy t§ theR. , 1S
capabl e of binding to nore than _one different epitope on one or nore

bi ol ogi cal ol Bedifiet) mopeclenib apHfiofics ey ariasseits 1p ey thsy ey be syntbgsizedi t opes,
|t can be designaatyaf thoohhRRARNTHGuRILhARML. THUALEZREShEIEIAALT bodi es
include, but are not"'Iimted to, full length antibodies, antibodies having
two or nore Vlindgingesbke domaitarsf therantibsiyyas briag obtatnsd oo abstraillyFv, dsFv,
scFv, diabodies, bispecific diabodies. and triabodies, antibody. fragnents
that have bee Omoﬁﬁ%egu%gq}’élfaélﬂ? Pgm&boa‘fiﬁ-a%}lfaﬂoémoli’%ﬁon’_“ﬁl‘faﬁ‘éfﬁqf%‘ﬁ‘gc
specificity" rgpbdicgot 6f thbentdy b} xrg@ [arSREE nfctifAl IPér BlaAthid el MOhdRIonAD! €
different epitopes on the sane or different target(s). An "intact" antibody
is one that cao¥pprdiessokn usadtin geaerdsnerdivity thearésaislieventign may hemadé by e a | i ght
chai n const ant i V. i n nt Rl I CH2,
and CH3 . The hg gﬁg(tﬁ%%?gt%%gﬁgesirgrgge%bgcﬁn@ilé}veg%S’Z\(Eqauuerﬁ’c%%ér% %2?%?3?368}%"%3
(e.g., hunan naidewy reegiberoeDdANaEASs (Sap)s)S. PateatTNG.Ol §1E, 375 eThence

variants thereof. In . . : _ .
e“monoclonal antibodies” may also be isolated from phage antibody libraries using, for

example, the techniques described in Clackson et al., Nature 352:624-628, 1991, and
Marks et al., J. Mol. Biol. 222:581-597, 1991.

Antibodies specifically include “chimeric” antibodies in which a portion of the
heavy and/or light chain is identical with or homologous to corresponding sequences
in antibodies derived from a particular species or belonging to a particular antibody
class or subclass, while the remainder of the chain(s) is identical with or homologous
to corresponding sequences in antibodies derived from another species or belonging to
another anlibody class or subclass, as well as fragments of such antibodies, provided
that they exhibit the desired biological activity (U.S. Patent No. 4,816,567; and
Morrison et al., Proc. Natl. Acad. Sci. U.S.A. 81:6851-6855, 1984). Chimeric
antibodies of interest herein include primatized antibodies comprising variable
domain antigen-binding sequences derived from a non-human primate (e.g., Old
World Monkey, Ape, etc.) and human constant region sequences.

“Antibody fragments” comprise a portion of an intact antibody, such as the

antigen-binding or variable region thereof. Examples of antibody fragments include
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one exanple, the intact antibody has one or nore effector functions.
"Humani zed" fornms of non-human (e.g., rodent) antibodies are chineric
ant i bodi esotzhayo48ant ai n m ni mal sequence derived from n@aThise®ne/061733

i mmunogl obul i %Ngfﬁﬁpgmcgoﬁu itwohumani zed anti bodi es are hunan

i mrunogl obul i Ngr{drEAEYDERHRERR.I5 @QM)OW(& whi ch residues froma hypervariabl e
resi dues frgma hypervari abl e

regi on of the i, ent are repl aced b

regi on of a noé?% E*ﬁ;a 1t (@ ke ekl "(%Wtsaa‘@l’%‘?fy inegy; anfibodiesnd singlesghainy apbj t |
or nonhuman priEBL& Haéfig. the desired specificity and affinity. In some
i nstances, franmework region (FR) residues of the human i mmunogl obulin are
repl aced by corres@nd«:rng‘ mmdnspecifira antitedy'disesed iRuhd breadwstr ensetandani zed

anti bodi es may ca se residues.that are not f nd in e rec ent
ot bady or 1 P REreS TR bl iy S bl Ao ke
further refi nehg%ﬂ&ﬁalﬂpﬁjdﬁaBErdfoﬁfam? wh'eﬂ: tQ@VﬁVE‘bmt mg)o'ryéﬁﬁwl@ @;sécﬁfahy body

w Il conprise substantially al | east one, t'ypi cal I'y two,
vari abl e domai(®s- (spmblq:gﬂnndnpgtgbngre Qlanlﬁabdlffem) epifope wh pohorahdreor

substanti al | 0 0 spand t tho
non- human i n¥rukﬁl)lo1g ‘+?H§cugér%g? t¥l lsgucb gﬁi Oé’f {)mﬁs 1Ipqw&‘q)? E%ani’lpe t hose
of a humanJf Aldeéllgﬂahbd as@ﬁﬁldﬁﬁﬁmdy PM&@Z&M&E&G&N&%M@R 2.

50474/ 020W2 i pmunogl ohul i n sequence. _The humani zed anti body optionally
al'so will congimided tasfull depgth antibedies, anfiboices havingrivrroyyinewsa Viugngd ¥nsiomstnss egi on
(Fc), typicall ok GQBL PN r l.s; Ssee,
for exanpl e, J%lﬁté(g@;{&a em,gqﬁlaturpé1 3219%2\2?&?2@?]341:08%6?9% g@hdrlr%oﬁﬁ%gtaﬁ :

Nat ure 332: 323;1812ﬁ;esmsodyaﬁmgnmne;shahaﬁubden liked cfétvaltmﬂy orBioadcovalel3- 596

1992. The term,. rvari ahl e .regi on” n used efers to the
regi ons of an [%ﬁgcﬂ’yc PEFPGH deliba ! }??%bﬁﬁi’toaﬁpémﬁ Iioamf)é’rfnr‘?resequence

and/or form stdig@rgm e?itbﬁés@ﬁfﬂgenﬁg,e Opgg§ren]'{gl@getf(gpervarl abl e regi on conpri ses
am no acid residues froma | enentarity determning region" or "CDR

(i.e., residues 24484 intgg” %lboémﬁ @g-thay orpprischen hitigan- butdalgwamablﬁ adgiem domai n
O A R
Service, Nati cma aldG3. tTHe&:Sn:Qint Hleﬁlainbl maﬁ‘b& Resdaeqidice dAdnt @ﬁdﬁr@r(e ghose
residues froma "hypervariable | oop” (i.e., residues 26-32, 50-52, and
91-96 in uman native sequence constant domains) or amino acid sequence variants thereof, In

one example, the intact antibody has one or more effector functions.

“Humanized” forms of non-human (e.g., rodent) antibodies are chimeric

antibodies that contain minimal sequence derived from non-human immunoglobulin.

For the most part, humanized antibodies are human immunoglobulins (recipient

antibody) in which residues from a hypervariable region of the recipient are replaccd

by residues from a hypervariable region of a non-human species (donor antibody) such

as mouse, rat, rabbit, or nonhuman primate having the desired specificity and affinity.

In some instances, framework region (FR) residues of the human immunoglobulin are

replaced by corresponding non-human residues. Furthermore, humanized antibodies

may comprise residues that are not found in the recipient antibody or in the donor

antibody. These modifications may be made to further refine antibody performance.

In general, the humanized antibody will comprise substantially all of at least one, and

typically two, variable domains (Fab, Fab’, F(ab’),, Fabc, Fv), in which all or

substantially all of the hypervariable loops correspond to those of a non-human

immunoglobulin and all or substantially all of the FRs are those of a human
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the Iight chain variable domain and 26-32, 53-55, and 96-101 in the heavy
chain variable domain; Chothia et al., J. M. Biol. 196:901-917, 1987). In
bot h case\s’()zt)hmmmm abl e domai n residues are number ed aecmnmfmgloﬁn'sxabat et
al., supra, asG ﬁﬁ o PrABSE.Wet ai | bel ow. "Framework" or "FR' residues
are those vari FERD. @,g,og;\ﬁgg than the residues in the

hypervari abl e regi ons_as herein defjne arent anti body” "w | d-type"
anti body is anTHRHIOBOAYITHREEICS: hBE ]é‘ﬁn%ﬁeﬁl@ng‘éﬂdd %Eﬂl?@ﬁ@@of“h]éﬁom@é%@sﬂone or

more am no acigd, o BPHAIASS behatdofi RIS OR 5?%%&@1 @B&ﬁmgpﬂgt q\f%rhlu

herei n di scl ose e parent anti y eas one
hyper vari abl e mrengmrmglobhlau Iehirfffirdtres détailsssee nfor aranqblesémmeatczé Nnmm BzieSEm no

aci d sequence ondi rvari.abl egi.on body

Vari ant. The pale b th B BERN e iy bonr Paotg: [0ab: 96 PetiacEe Opi S a
natural |y occuppj nap3a0ki wody (including a naturally occurring aI I eI i C
variant), or an anti body wWith pre existing am no acid sequence

nmodi fi cati ons (suchlhggenmSwperveniable rggiont Wbmuseéhctkmrref@tsrterthea‘ﬁglenmﬁaons) of
a naturally oc [ ence.. The t ernms i ) nd
"parent” or pa{lgén# \g"'r gl%t% OREROHES }g@ewgréﬁ’\i\% %Sg?%@ﬁg%@@é%?}‘mﬁ&gwhg%@
herein, "anti bagiyedRobarthe I@'bervéﬁ@dblleaiﬁgloﬁﬂbmpmy mirRf RidSredi@uedfroand | body t hat
has an am no acid sequence that differs fromthe am no acid se uence of a

parent anti bodyfemplensaBrigsdigsmaning reeionn ey Hdol~ G&n regiftuct dhphis9

chai n vari abl o aC|d

sequence t hat e?@ﬂn%&%E@%k%@“‘%%@%%&%%ﬁ%&@%% :

50474/ 0202 fwmhﬂennmamtKabﬂeEMcBemmnuanfBnmﬁmeﬁgﬁmuhyhgamdnk&ss5ﬂhan 100%

sequence i dent r|t mnth arent antibody. |In one

erbod nent ¢ et SuBhe e Srvices el tigvES o Nenihedei vtudhBentioom

about 75% t 0 |88 rbdidies HORA ﬁﬁgéﬂal%le(iocﬁfﬁ%@nf‘e@ldh&@&ﬁt ¥030, &1Lty W th

the am no acid seq;ence of either the heavy or |ight chain variable donain
g

of the parent thatigliehgin vamgblesdanph end 2bouts3§0%6ndPo- Hﬁsntthedwamoﬂ%nfrom
about 85%to |es: an _100%.. fr 0% or rom
about 95%to | esléblf Eoma 5}8th$hgaa§b%0§9 ?agiﬁlcbéjl f {%zg lt’l‘% ﬁi/cafﬁ‘?e hephat

conpri ses one @kiabi®demaifireQd R ke Iﬁhibefedtab@)lﬂdingfb IQﬁbaﬁ@Ua@C%Ira hOdioARsedr nore
hypervari abl e regi ons thereof. An "amino acid alteration" refers to a
change in the %S defail Bel ggqu]érﬁ@gwglfk &1 “FR” residues are those variable domain

residues other than the residues in the hypervariable regions as herein defined.

A “parent antibody” or “wild-type” antibody is an antibody comprising an
amino acid sequence that lacks one or more amino acid sequence alterations compared
to an antibody variant as herein disclosed. Thus, the parent antibody generally has at
least one hypervariable region that differs in amino acid sequence from the amino acid
sequence of the corresponding hypervariable region of an antibody variant. The
parent polypeptide may comprise a native sequence (i.e., a naturally occurring)
antibody (including a naturally occurring allelic variant), or an antibody with pre-
existing amino acid sequence modifications (such as insertions, deletions, and/or other
alterations) of a naturally occurring sequence. The terms “wild type,” “WT,” “wt,”
and “parent” or “parental” antibody may be used interchangeably.

As used herein, “antibody variant” or “variant antibody” refers to an antibody
that has an amino acid sequence that differs [rom the amino acid sequence of a parent

antibody. In one example, the antibody variant comprises a heavy chain variable

domain or a light chain variable domain having an amino acid sequence that is not
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predeterm ned am no acid sequence. Exenplary alterations include
insertions, substitutions, and deletions. An "am no acid substitution”
refers tovoheiw@pliacement of an existing ami no acid resPAUAS2009461733

predet er m ned @Gk RPFEGINCES PRUIGAGOBWY th another, different am no acid
resi due. A "reptaseNBBoOCIaNt KO, sefud20vasd due refers to an am no acid residue
anot her am.ng acid resjdue in an_an.no acid

t hat replaces or substitufe .
sequencg. The ﬁ?’%‘f‘é‘d‘éﬂgﬁtéwgé’?ﬂ%s prggsspidly hayplesitaan 100ge sagrenca ddetity or

non-nat ural I'y Qeasid Wi (Bhdeht 3dikhdy € SHeCmbdBim AN RCRBbE, JAARE kion”
refers to the introduction of one of nore amno acid residues Into a

pr edet er m ned ke apambiodcileggeencefromabow Moo dess thanr §8Yotanomo aad/ sccjoaeei se a
"peptide insertion® in ich. e a. peptide co L.Si t Wo or.nore.am no
261 6 resi dues. Totheet Sy Sty BIRE ump e S Bitrberafs heisy gl i
predet er m ned -aiiable dambih oF SEURRGE antiOEY, Got KEmPIE MduBLI td RESHEA Popol,nVol ves
insertion of a peptide, the insertedofpeptl de may be generated by random

T

nut agenesi s su&Mm bt 8p%o thless than A9 rotrerm iabous 88 dess thaat 0foeer e alowit st i n
nature. An am i t i " ad] variabl e region” refers
to the introduéc}?/f goﬁlk%rtﬁésnu@%tu iacr)lﬁg% q%ﬁéntgﬁg%gggyglrlﬁ notcé)g?p%g?seoﬁeé’ﬂes at
t he N-term nalmemdiiio 45id ltendtioat incsrchdjatent tdoHeal vird Byesafiglge egionsuch t hat
at | east one of the inserted or replacenent amino acid residue(s) forns a
peptide bond W¥F%%t he N-terminal or G-terninal amino acid residue of the

hyper vari abl e regi of}; ifY&S4 hitRatiodh” raedk & Ql:lllaYI%QﬁlC[Hé %Ii’lﬂlg a?i@sg(gjé:ﬂ}?é- &a

residue” is one encoded by the genetic code, génerally select romthe
group consi st imefetdrmingt amimeac{ddeghgncar Gkemplary @hergliorGhi RERRRENGE,;

PR4267R1- WO ATT Y T. NO. 50474/.020 ar agi ne n): aspartic
Pera ey hbNTore el 2 hatiratd S BRG R o IS SRa] G e
(Gy); histididexistihgminoseldausiran qpeddetehBincd Afinblagid)seqiedd WK bhofSer;

met hi oni ne (Met_t); phenyl al ani ne (Phe); proline (Pro); serine (Ser);
t hr eoni ne ( Thrditfereptantibhpahresifpe) ; tyrosine (Tyr); and valine (Val). A

non-nat ural |y ocou LRl o ARl il Sl AlRciea% LELen sdatadereln s an

am no acid residue oth ose naturally occurring am ho actd residues
| i sted above, replaceh oi subatiues bootha\aalienidid/rebidnelinahj sadenicidmquencacilde
residue(s) in a . . . .

replacement residue may be a naturally occurring or non-naturally occurring amino
acid residue.

An “amino acid insertion” refers to the introduction of one or more amino acid
residues into a predetermined amino acid sequence. The amino acid insertion may
comprise a “peptide insertion” in which case a peptide comprising two or more amino
acid residues joined by peptide bond(s) is introduced into the predetermined amino
acid sequence. Where the amino acid insertion involves insertion of a peptide, the
inserted peptide may be generated by random mutagenesis such that it has an amino
acid sequence that does not exist in nature. An amino acid alteration “adjacent a
hypervariable region” refers to the introduction or substitution of one or more amino
acid residues at the N-terminal and/or C-terminal end of a hypervariable region, such
that at least one of the inserted or replacement amino acid residue(s) forms a peptide
bond with the N-terminal or C-terminal amino acid residue of the hypervariable region
in qucstion.

A “naturally occurring amino acid residue™ is one encoded by the genetic code,

generally selected from the group consisting of: alanine (Ala); arginine (Arg);
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pol ypeptide chain. Exanples of non-naturally occurring amno acid residues
i ncl ude norl euci ne, ornithine, norvaline, honoserine, and other am no acid
resi due awel2ogulsddsuch as those described in Ellman et aCT/USMEbl0617BRZY M

202: 301- 336, IR REMRSRREFRLE UG Non-natural |y occurring anmino acid
resi dues, the preEe@yRICIGiT NG 64746i0vR)2 . Sci ence 244:182, 1989, and El | man

et al., supra, can.be used. Brief]y, these procedures involve chemcally
activati ngpa ﬁﬁ%f‘%’é%%snfmaﬁ‘d ésﬁbﬁyﬂ%ﬂl‘iﬁ%ﬂﬂg&{ﬂ%@fi (Gling Shrpmis asidi d

residue fol | oveg)b¥iyéife Wi T; RistitAl )- eI QRN et t . RNA.
Thr oughout thi's JI’ glgl10?5(5?g’g;sg?erezrrll{:sbeﬂ%dé&l@r@dg ?)oretaﬂgé (}L?h ’Z}Fs?{r?g(ig?’stemfrom

Kabat, E. A., metthighinge (dequeheodslanie Hhe);girelmedPro)manimo(Sen); thedoninat( Elrst
(National Institutes Heal t h, t hesd . 1987 and 1991). In these
conpendi uns, P{Q’lgg({p‘ﬁ?lf@@’ ea(rﬁﬁoa c‘iaﬁh%&ﬁ.]l)ences_ for antibodies for each
subcl ass, and |i st s\ t{oQ-MHeEkIyCORUHBIRL YmRRCdld fefidudtis Aderddd @ hERIn i€agN resi due
position in that subclass. Kabat uses a nethod for assigning a residue

nunber to eachming add geidye pthepthpy Ssnatealleegsutringmeninhicsd residhesdistedr
assigni ng resi S . rd in the f{i Ig . The Kabat
nunberi ng schea%g%l’g,111 olq% %bv%gg) ?Oglgl%ﬁ%blg(ég@?l&ﬁg?%lﬁf)a grresbd]re S2)lsneas of this
i nvention, to mbgk gmerohsihdHﬁampllﬁbeﬁr&mt-mu&algacnﬁhﬂiagenﬁﬁiaicbnfé?idﬁﬁiim&ﬁl d
sequence that is not included in the Kabat conpendium one follows the
fol | owi ng st ef€rlesinge Paalt}ﬁyl,e, lt%@l@aﬂm"@a%r@es@&@%ém@ ] yridee Walagueny

| munogl obul i Ny, SeAUERE I QEibEINM ﬁﬁﬂﬁﬁé?%ﬂ%&ﬁ%&%%%dz@dfé%%} 1994l hgnment rmay

be done by hand or by conputer using commonly accepted conputer prograns,
such as the Algeggrat2 spehomanraturdllyi ganmeing amino deel fesididsi thapadedyesudiNvgersane

am no acid resjdues t i to npost Fab seguences.. For. exanple, the
li ght and hea\ﬂll/"g‘iﬁ%{'ﬁcﬁgﬂéé@q?%%ﬁ@aﬂﬁ > f%a’(?%gee?sr‘?ésﬁf‘ﬁfi’b thesSe the same
residue nu nbegﬁéceﬁlﬁkeé/invﬁﬂgahéi‘nibzﬂ@ dciPatiny i8I0 ARN A Wih 6&bh-Yiatbally eS| due

nunbers 23 and 88, and in the VH domain the two cysteine residues areJ Al

JLIN 1 GNE REFERENTEIMPRALE 7RI RTWRIRNEY vISOOKEFCition Bod Fayshriomnep the
typically at nygpers 22 and 92. Framework residues generally, but not

al ways, have approximately the sanme nunber of residues, however the CDRs
will vary in size. Therugbxanih disclosuré, hefereassis afada tGhRnfhbiring seandifdat e
sequence that Iia%atl, %nge ret eElT %Qq&elqges%?leroteins of Immunological Interest (National
Institutes of Health, Bethesda, MD, 1987 and 1991). In these compendiums, Kabat
lists many amino acid sequences for antibodies for each subclass, and lists the most
commonly occurring amino acid for each residue position in that subclass. Kabat uses
a method for assigning a residue number to each amino acid in a listed sequence, and
this method for assigning residue numbers has become standard in the field. The
Kabat numbering scheme is followed in this description. For purposes of this
invention, to assign residue numbers to a candidate antibody amino acid sequence that
is not included in the Kabat compendium, one follows the following steps. Generally,
the candidate sequence is aligned with any immunoglobulin sequence or any
consensus sequence in Kabat. Alignment may be done by hand or by computer using
commonly accepted computer programs, such as the Align 2 program. Alignment
may be facilitated by using some amino acid residues that are common to most Fab
scquences. For example, the light and heavy chains each typically have two cysteines

that have the same residue numbers; in Vi domain the two cysteines are typically at

residue numbers 23 and 88, and in the Vy domain the two cysteine residues are
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in the sequence in Kabat to which it is aligned, typically suffixes are
added to the residue nunber to indicate the insertion of additional
resi dues. Wﬁanlm&dﬁdate sequences that, for exanple, alipgm/us2ade/oal7BRbat

sequence for have no residue between themto align
w th residue Sﬁéﬂiﬁ&g%@pﬁgg g(};"fgﬁd%y not assigned to a residue. As used

herein, an anti bod vmth a "high-affinity" is an anti body having a KD, or
di ssoci ati on cpisthm nuinherﬁ e %%n%ﬁ@ﬁweﬁkwsw%a@én%%ﬂmb@tm@? alwaycimven t he
"nanonl ar ra &qma AL & H5006RY, IO PBREG N ) 11@519%@ ess
t han about 10 e term Tf] T ament ous p age’ ers to a V|ra

capabl e of di sqpdampienin the bast of m@@?oﬂn&np@:lamb@pé smieenm that & lsmgefﬂiaﬁtl&r(d)R
i ncl udes, V\nthou]ilFIirn'tatl M 3. The(glamantous

phage may cont'3it qu‘éeéllc%ﬂ’tlg"g%a&wﬁﬁw}é}t 1%%%6%:1‘)’3“@&1?’&@6?% Headded fp the

"fd-tet"). Varjgus ﬁunll&mh@feaemﬁgﬁnﬁdlﬁdﬁaamuéa{a?&éﬁ@e@rﬁ)r\eﬁkdldﬁéﬁOwn to
those of skill in the art (see, e.g., Zacher et al., Gene 9:12/7-140, 1980,

Smith et al., %qu@ncﬁethﬂzﬁ’r ¢emipld 3lign Wﬂb@KabaqupwfoeyeselueaM andGerimit

73:305-318, 1 The t nni.n sed t fer to he . rru |l e
rounds of a scg:t%ageﬁ? R glpﬁ'ﬁ'élttoggg gféreisﬁju? gg,t YRHRRY P2 &t 53R yé’r?g

i sol ation of pheages t@arrésyduag conpounds, such as antibodies, with high
affinity and specificity to a tar The term” short-lnterferlng RNA

(si RNA) " refers to Amuedh %f@l@b%a@g%}hw@a Rniak-aflingly” isrnentibedy baving agene
expr essi on. e% %n%%ﬂétﬁh%%h anﬁi%akgm@’ aﬁ%e%tstert fAng rﬁ?ss by whi ch

doubl e- strand I'ences ho ogous g typi y are

conpri sed of t‘Wancsncrigﬂ rengtar doitkati mRNAS dafotaldgut niS whbre (g h @0inbeldsssithanl engt h
that forma du Iex whi ch may include single-stranded overhang(s).

Processi ng of Rt ]tﬁ)oubl e-stranded RNA by an enzymatic conplex, for exarrpl e,

pol ymer ases, resul tjge 'té}nplfﬁﬂﬂ&%s%aééﬂ Se8RYDL @1r§13fa?tmjee&p%f Asihgcice

si RNAs. The antisense strand of the SiRNA is used by an RNA | nt'erference
(RNAI ) sil enC|h¢§?ng?an®OI>m9ptg19|@etSm%e@héamgb$, withepelbyitgroont fada§flyRNA

degr a1 o KRS LEDE iR Py R AR Tl AR el 2
conpl ement ar i t(y gt, ofdagat ) NV e @ts @lliarhdRiNAs hip RESPRRENGEN s RRAZBI MRS MR AEICRNEY
DOCKET NO. SOiiﬂl/ 1?12t}?e\/£2 (see, e.g., Zacher et al., Gene 9:127-140, 1980, Smith et al., Science
228:1315-1317, 1985; and Parmley et al., Gene 73:305-318, 1988).
The term “panning” is used to refer to the multiple rounds of a screening
process that is used in the identification and isolation of phages carrying compounds,
such as antibodies, with high affinity and specificity to a target.
The term “short-interfering RNA (siRNA)” refers to small double-stranded
RNAs that interfere with gene expression. siRNAs are mediators of RNA
interference, the process by which double-stranded RNA silences homologous genes.
siRNAs typically are comprised of two single-stranded RNAs of about 15-25
nucleotides in length that form a duplex, which may include single-stranded
overhang(s). Processing of the double-stranded RNA by an enzymatic complex, for
example, polymerases, results in cleavage of the double-stranded RNA to produce
siRNAs. The antisense strand of the siRNA is used by an RNA interference (RNAi)
silencing complex to guide mRNA cleavage, thereby promoting mRNA degradation.

To silence a specific gene using siRNAs, for example, in a mammalian cell, a base

pairing region is selected to avoid chance complementarity to an unrelated mRNA.
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RNAI sil enci ng conpl exes have been identified in the art, such as, for
exanple, by Fire et al., Nature 391 :806-81 1, 1998, and McManus et al.,
Nat. Rev.wQens0484610):737-747, 2002. The term "interfePCHgISRMNOCRBAI )" is
used herein t%ﬁ@ﬁﬁm&@@:ﬂ@&p}}ﬂ%banded RNA that results in catalytic

degr adat i on of ABRENHY SO S, sad¥d iz can be used to inhibit/|ower
expr essi on of ?é%iyc.ul ar gene. As use "di sorder"” in

herein, the ter
general refer CIB%H‘HP]?]F’EFﬁ hakg,pe Hgffg’l‘i‘éﬁl‘? PLEPSAS: OB SX RIS Bi t h t he

agents or inhifidQ@he, Mntn91R063¢ N 9bS\AA MM anub B UHLP RA WPl SEase or
di sorder that can be treated by effective amounts of inhibitors of the

targets descrilé®):Bérdiin2Q0@r activators, in the case of adenylyl cyclase).

Nonl i m ti ng exanpl f di.sorders,.t ty.eated,herein include those |listed
I secti onE of ¢ he 5 rERbr T SR B AT ET bt bRl P SR LA RELE  ng.
"treatnent, " amendddretamat rasltdinetalyae ﬁé%adaﬁﬁﬁ b $Rcifl BN XE ahd) Bfu8 B be
prophyl actic therapy, and preventative therapy. nsecutive treatnent or

adm ni strati o_rPSP‘HOeiF‘%ibit/éOqu@éPrﬁﬁﬂn 8 patticvlaagenca dai |y basis wit hout
Interruption in tr %tt{gg{]frlreg%%ﬁ, A0 %rQaflBf r”qﬁ%gnergxlrrléfgrrs% yec%tndliti{og ntagent or

adm nistration, or trea or “adminrstratifon in an interntter f ashi on,
refers to treaveomdberdeliafromsreamienc@its @rtigbne or ihibitod ol e peasentiifvdntiomat ur e.

Treat nent accar di to the methods qof the invention can result in_conplete
relief or cur énﬁ@ﬁ% AR ‘Qﬁ‘”%‘éﬁ@??flnd??,treéwdﬁéiFffF‘élve&WQP‘i“éPﬁtnh@Hoﬁf one

or nore synpt Qiﬁheotf‘ngt:ﬂ QlehiDEPRS iR r(m%ﬂ@ait&ﬂsﬂﬂ theatk &faa!a'ql%@}i)lf’c HQ&?.%Xn-O r

permanent. The phrases "preventing axon degeneration,”™ ™ venti ng neuron
degener at i on, "lintiting xsinpilesep! diconietheg b eeated bareit imrludeithdse bisted igsentenr Bof

degenerati on” £S useg gﬁr eti n "ﬁqcl ude (i) the ability to inhibit or prevent
axon or neur or dRGERCPRAYIEIRY BPAti ents new y di agnosed as having a

neur odegener ati ve dihseame “Béatiak,risdmeht, deMelRRiphYafusB@WerBRyLRARIeNer ati ve
di sease and (ii) the ability to inhibit or prevent further axon or neuron

degener ati on i35 fherAPY. MpRhYAcEC Bierapscdipd prvreipiivRgtherepyn Canscavtive synpt ons

of, ‘a neur odeggner gt bya%nghﬁﬁﬁﬁﬁ'reigfs%g GO0 Bk d‘a’ﬁg bo%s deggperation

i ncl udes decreasing or 1nhibiting axon or neuron degeneration, which may be

char act eri zed itwgrrogivpl ie treatorentydayr dnie @k miokdhddys.t intimétfenneenti@ent@E axon

degenerati on. e e . . .
administration, or treatment or administration in an intermittent fashion, refers to

treatment that is not consecutive, but rather cyclic in nature. Treatment according to

the methods of the invention can result in complete relief or cure from a disease or

condition, or partial amelioration of one or more symptoms of the disease or

condition, and can be temporary or permanent.

k2 X417

The phrases “preventing axon degeneration,” “preventing neuron

degeneration,” “inhibiting axon degeneration,” or “inhibiting neuron degeneration™ as
used herein include (i) the ability to inhibit or prevent axon or neuron degeneration in
patients newly diagnosed as having a neurodegenerative disease or at risk of
developing a new neurodegenerative disease and (ii) the ability to inhibit or prevent
further axon or neuron degeneration in patients who are already suffering from, or
have symptoms of, a neurodegenerative disease. Preventing axon or neuron
degeneration includes decreasing or inhibiting axon or neuron degeneration, which
may bc characterized by complete or partial inhibition of neuron or axon degeneration.

This can be assessed, for example, by analysis of neurological function. The above-

listed terms also include in vitro and ex vivo methods. Further, the phrases
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This can be assessed, for exanple, by analysis of neurological function.
The abovelisted terns also include in vitro and ex vivo nethods. Further,
t he phraswe@oj_or/gﬁséﬁqe\lE REFERENCE: PR4267R1- WO ATTORNEY POTHIST008@51733

50474/ 0202 " pREKBRERIAEEIBRBTRIdggener ati on” and "i nhi biting neuron
degenerati on" APEORMNS SOERET RO 047 ulosyved t h respect to the entire neuron or

a portion thergof, such as the neuron cell body, axons, and dendrites. The
adni ni strati on PEFVeBHE Ilﬁur‘}?dieger&éaélﬁfl and “Jpldbifing Beprp fegeReratRn” redydesusty  at

least a 10% degh®aRR wifh Gspec@tb thed@fite evtn & & %ortion therad? /Qucﬁgg/ the $0on b0
50% 55% 60% 65% 70% 7D5% 80% 85% 90% "or even 100% ecreasesI I'n one

or nore (e.g.,bdly, &xong andider@rited, Th¢ adningtra®in efjomp bomerecfgent adidewritlet of t he

nervous system a conditjon of the nervous system t i's segopndary. o a

di sease, condirﬂfir%ﬂfnaéffesflhé'? tg?ﬁsf]%lg?%‘ige%fe??ﬂ(?‘%r?ﬁ?ﬁ {}?}f’ 2(9&??&’69@2 %lsr}é’
ner\éous s?/stemowﬁ,msjrmjslu%yss%, 40vs, @%,WO%?7%?3?@/@85@4}4@?%69%@9)120%8', y
mechani cal, or chemical traumm, pain; an ocul ar-related neurodegeneration;
nenory | oss; o¥cceagss yirpiicat mate ok ded. 4 &, @7, 8.tar Oreymeptors$ ofvndiserdesfof the
novenent, atax| I f an [ essi on Greased cognj.tive
function, shoﬁe?\{oélrs nf S?reen?fﬁlrc?%{hgglgsfﬁhgﬁgryg ‘zsrs gtﬁfélr}gar%ﬁs Tegg%d%ryc%%fdﬂsf?sgh, changes
i n personal it ycontiaioguageerapyfHaviag atprigsry ¢fagsonfids eMNBOhMvESIO&ph] Minjury
sensitivity to touch, nunbness in extremties, nuscle weakness, .rryscl e
paral ysi's, nmusi@Ithe Rerups system st Wpphysisal. weghanicals aneherroshaang, paidpd ng

habi ts, excessiyerf8atd AburdRbEierajol SRBRbA 104EhLS 9O atib Rlshise! @t 1 ons,
I , fieadac e, ra

fatigue, back pain, chest pain, digestivé pro ea pi d heart
rate, di zzi nestssmds,stovedssafsnonmesthadaasosrof vhlesicnderacssias, detreusedi on,

met anor phopsi a, inpai.rnent in col or visjon, decreased recovery .of visual
function aft erd°§9’g’§§ h?’gg?rb Sfﬂﬂ'rf'&ﬁ‘f’ EAR 1L !Osﬁrlﬂ’gl' 1698 Meogy @%Forgﬁ%?$ast
sensitivity) idhameeswdp@sinaliy, RARIALALIHMNERNBH TdedsBrdher@plisDkeiiRiGed oOF
popul ation that does not receive the one or nore agent described herein.
The adni ni st r deP@nnwRbrssRinERIpBites.doesate veeskerss aryspledatadisisi musrbgcrampul t i n

at least a 10% r e Q. | east 159 . 20% 25% .30% 35% 40% 45%
50% 55% 60%&%&5%%%’5% g‘?%‘&wﬁgb/%“ggg‘?}qeaé‘b%/@abé%% SRS AT decr ease) | n

t he nunber of inewimaslelusions)@sll@inabok, Esiguabatispaigichete paln] digéﬁtibé\;%bﬁl@ﬁﬁ;n%t hat]c
degenerate in _a neuron population or in a subject conpared to the nunber o
neurons (or n %Hﬁdﬁﬁlgg‘?e‘rb‘ﬁﬁn zziggss fAviged Yigenshadoas oy misskie adgeher ate in

neuron vision, metamorphopsia, impairment in color vision, decreased recovery of visual
function after exposure to bright light, and loss in visual contrast sensitivity) in a
subject or population compared to a control subject or population that does not receive
the one or more agent described herein. The administration of one or more agent as
described herein may result in at least a 10% decrease (e.g., at least 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or
even 100% decrease) in the number of neurons (or neuron bodies, axons, or dendrites
thereof) that degenerate in a neuron population or in a subject compared to the number
of neurons (or neuron bodies, axons, or dendrites thercof) that degenerate in neuron
population or in a subject that is not administered the one or more of the agents
described herein. The administration of one or more agent as described herein may
result in at least a 10% decrease (e.g., at least 15%, 20%, 25%, 30%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or even 100% decrease) in
the likelihood of developing a disorder of the nervous system; a condition of the

nervous system that is secondary to a disease, condition, or therapy having a primary
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popul ation or in a subject that is not adm nistered the one or nore of the
agents descri bed herein. The adm nistration of one or nore agent as

descri becher)Hli/msémiy result in at |least a 10% decrease @eTgiS2o0aei7east 15%
20% 25% 30%%% ACE oY %055% 60% 65% 70% 75% 80% 85% 90%
95% or even T N& shPgodowsy | hood of devel opi ng a di sorder of
the nervous system a condition of the nervous systemthat is secondary to

a di sease, corfdfeet Bisidet theyesryqly SHESM AR 18)UPF torHag Reryous SytgnvFauspEbREFERENCE:
PR4267R1- WD A Y. d 0 of : i
TPE%NCF,O m%ﬁ% Nne QY G402 g\%,e agl c{g:;ﬁ/fé}-ﬁé?'yt&&h OCI%E%]{?E%OHFF vous

system an inju nefvous system ¢ physi cal’, ani cal, or
chem cal traumagmegiloss; @ra pgehidrie dsdrderd anebieade gsiigeapomnistiomzompyretl 0SS; or

a psychiatric disorder i.n a subject or a subject popul ati on conpared to a
control subjedf aSPntb‘gSHIPJS‘FiOBHOH’IJ&UOPPBEI?‘?é’GedVWﬂ%&F HEQ &rf@or(?rag%ld%scg ght
descri bed her gjchin. The term "adm ni stering” as used herein refers to

contacting a neuron or portion thereof with an inhibitor as described
herein. This incl udés tertniadingtisteringsas ofedthaesin refarpiotcontattingse wuljneet i n whi ch

the neuron or portipon thereof. | S.present wel I, as i.ntroduci.ng..t he

i nhi bi tor i nt doReRBep W iHinhibieR 53 s thed Pertigy (HhBinglHies AEPITLAOR Sy e
The term " neurtadinhisstoti®etkubREEh WHAENAE BSurOesMRForSHSEENTS pRES, kRl akncl ude
a central cell body or soma, and two_types of extensions or projections:

dendrites, by kedKingthe ighiheprinto & medipgin pihioh agicuteawr peraion iegredlss ar e
conveyed to theugek! body, and axons, by which, in general, the majority of
neuronal signals are conveyed fromthe cell body to effector cells, such as
target neurons or rfihsedrm “niieondmsusedherciarieayted mdarugaystenn céllsahat inchgleas and
organs into the ¢ nélﬁ,ﬁqlz ner vous aystem(%ffere.nt or sensory neurons) and

transnit si gndFerg CehPeder cemeraaf tye Ipst SrOpeABORECIBT OB PIEY: Y
(efferent or nptigy, iNEiHeRNShe mgbh@rom@%ﬁﬂ%igngﬁaf&%ﬂ&ﬁed the Eé]?wé@[‘eﬁxd

connect neurons within the central nervous system (the brain and”spi nal
col um) . Cert aixpnss pewhfchcingensrpll ths nforite of navrenppsgnaldwt comypydsdrasubjeect to
i ncl ude cerebell anul e neurons,

treat ment acc%reﬁ“b(r)] tto% % S ierill\s/,esnt | AR s e, Rourdis?an cSnve

dorsal root gasylyOhCFASFShetsAHE SpEetI NS OF B Y
information from tissues and organs into the central nervous system (afferent or
sensory neurons) and transmit signals from the central nervous systems to effector
cells (efferent or motor neurons). Other neurons, designated interneurons, connect
neurons within the central nervous system (the brain and spinal column). Certain
specific examples of neuron types that may be subject to treatment according to the
invention include cerebellar granule neurons, dorsal root ganglion neurons, and
cortical neurons.

The term “mammal” as used herein refers to any animal classified as a
mammal, including humans, higher non-human primates, rodents, and domestic and
farm animals, such as cows, horses, dogs, and cats. In one embodiment of the
invention, the mammal is a human.

Administration “in combination with” one or more further therapeutic agents
includes simultaneous (concurrent) and consecutive administration, in any order.

An “effective amount” is an amount sufficient to etfect beneficial or desired

therapeutic (including preventative) results. An effective amount can be administered

in one or more administrations.
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The term "manmmal " as used herein refers to any aninmal classified as a
manmmal , i ncl udi ng humans, hi gher non-human prinmates, rodents, and donestic
and farmwmznmlmsusuch as cows, horses, dogs, and cats. PCm/use@9maiyosli nent

of the invent |§1@ER fﬁi&fﬂp 42|67§uawgurran Adm nistration "in conbination

wi th" one or %Q@,uk,h(ﬁv@zgent s incl udes si mul t aneous
(concurrent) and consecutive adm nistration, in any order. An "effective
anount” is an anourftS $6f Peeinehe crprestans ?e“b ir&H iigs-a Fm‘b reeH suityre gdare H&sdapeut i ¢

(1ncluding PreyRRahdE) ah@al SichdciPndiohebhMEDd Oh m ni st er ed
e R oo

in one or nore admnistrations. JTA 7R1- VO
ATTCRNEY DOCKETrMW?@h@Z@M@w&sd ufs}ksﬂlmhrdelthe ,prinfeey subjpcesdi adsultaes | | "

"cell line,’ |1 .cul tur din ngeab)y and all suych

desi gnat i ons |cﬂ°<5’1v g’e’ﬁ?ﬁ%}e‘ﬁ@’o“ﬂﬁ%@% filsllh B%“’% - oJrlFﬁa fagun WEPOH
"transfornmed c@hdH'progial UEAe nbite FEdi8EY Memithi ﬁ@N&%bﬁtelﬂnﬁheCtH Idtewe?aie gerived
therefromwi thout regard for the nunber of transfers. it is al so understood

that all progengdvedgnimttativaspleciene yropeerirdferato any aplall offspréngof ederg t o
del i berate or in er tations. .The t o] ers . to any and
all offspring %eflgrgv%r}éu%seqﬁlgﬁa %ﬂ“%m%g'eqanéﬁfm?d&logtgwg? QWPK?HWI%HW med
cell or cell Imme;avmeameﬁmg@mﬂlaaglcm@vmtym@s&@ﬁﬁdffmmm@hg@fallw ol ogi cal
activity as screened for_in the originally transformed cell are included. A
"smal | ol eculEosfosmerbsellpseiinglided.-n t o have a nol ecul ar wei ght bel ow about

1000 Daltons, for exagpl %ggh *éYs?g@;’féat G%Q}Bq!aw Srolechil lue; gmb%&:&&@&oum be

organi c or inorganic, an rom or exarrp conpound
i brari es or ndl0Dwltosy fireeanplorbehew ativat 60 Raltved. Byald @rolacales raybon of known

conmpounds. "Aptaners”. are .nuclei c.aci ecu es th t formtertiary
structures thalsUPe®; ipprgatiang mapy be c'fog““{gf éomgq}@ﬂ?‘ggar@ﬁgr targets

descri bed her ejafural KB6rc8EBEMAY b@&btﬁiHSHB @Jrﬁfﬁ%rtlbﬁop%v&fcoﬁ‘%Bﬁﬁﬁ%rs are vel |
established in the art (see, e. U.S. Patent No. 5,475,096). Aptaners

used i n the i nvent i“éwtaseans’ianemisdric m@imie@deﬁmt @Umtm@y(safu@ures thet| ei c acid

analoge o, S XaHLG S PR ALARL S SRS A B 0
generation and therapeut1c 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
nucleotides (e.g., nucleic acid analogs or derivatives) that are stable from degradation
in vivo. Ata minimum, the nucleic acid molecules are designed to be sufficiently
stable in vivo, for a sufficient length of time, to allow therapeutic action to take place
prior to degradation and/or elimination. As non-limiting examples, such nucleotide
analogs can be selected from the group consisting of phosphorothioate,
boranophosphate, methyl-phosphonate, and 2’-O-methyl analogs, and analogs thereof.
As a specific example, the analog can be 2’-deoxy-2’-fluoro-RNA (2°-F-RNA).

“Peptibodies” are peptide sequences linked to an amino acid sequence

encoding a fragment or portion of an immunoglobulin molecule. The peptide
sequences may be derived from randomized sequences selected by any method for
specific binding, including but not limited to, phage display technology. In one
embodiment, the selected polypeptide may be linked to an amino acid sequence
encoding the Fc portion of an immunoglobulin. Peptibodies that specifically bind to

and modulate the targets described herein, leading to inhibition of neuron

degeneration, are also useful in the methods of the invention.
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stable in vivo, for a sufficient length of tinme, to allow therapeutic
action to take place prior to degradation and/or elimnation. As
non- | i m twogosyasgdbes, such nucl eoti de anal ogs can be seCeaiSea9fosast he

group consi st i@ RErmhacRpE AL Qabe, bor anophosphat e, net hyl - phosphonat e,
and 2'-0O net hyfjﬁﬁfmcﬁﬂgﬁa@ggﬁw(;pr eof . As a specific exanple, the
anal og can be 2'-degxy-2'-fluoro-RNA (2'-F-RNA). "Peptibodies" are peptide
sequences |inked t olbsAcTEmPMhamacricalbyirsrrtable prlbds wigd ferpuig el todkosgor t i on
of an i nmunogl ! 3 Lig 3 j:.ved from
random zed seqsgg%lggighg%’ g’gtyiéﬁh%glgag%ep%t(ﬂoéi&l?%ﬂgs%ec}’glﬁ%at}g‘?fr?g:ﬁ%d}{i ncl udi ng
but not |i m t exbntaot withtegaisslies pf laymane ehdatimgls . withououneue tixadly nieititiort, he

sel ected pol ypepti.de may b ipked to an am no acid sequence encodi ng the
e por t1 o of "rErIMBYH BELN BB BOMPES AT BT RLPFYRE o and
nodul ate the tlaﬁ&epmﬂmmam?qg&@fagle@aué £8WUeNUnbQn i AL Bitt F%@&R&eur on

degeneration, are also useful in the methods of the invention.1A 1 JLIJN 1

GNE REFERENCE: Bepggi @l Rescvipe praroRNEy caOKEDtaitd sabo tirdptadio IORAdFe Stieka -
"phar maceuti cal table salt” is.used herein.to.refer to those salts
which are, wit 9|i’ %9??1?%5’%%%%8 e%68%5ﬁ”éﬁﬁcdéﬂrlnﬁg}beg}f?ﬁfs?ﬁém ?"éd(t)ﬁuél F&%se in

contact with tdfehd dongpeasdsaff theifPesion DElsepRiatthl By Mhdtihguie fidrcHiace &rovup Gith ¥,
irritation, all _ergfi c response and the like and are conmensurate with a
reasonabl e berf¥fiilly pieanic pgieli Beppseataize acit pddiipn/salis nshugsrdagadingtear e wel |

known in the : %%{rg e d b ty] y
accept abl e sa?a{l%n?tg%g%ot ail’ %I%m 3§P$1%l?%ﬁg‘§g(%n?t66§é%@t&%és?ln%;@ﬁ&%hﬂg%g%’t S can
be prepared i rasipheragucangdetshidorfake) aitrates ofcdpemanapnebignard, tlighathaa of t he
conpounds of t i nvention or separately by reacting the free base group
with a sui tabl‘gﬁscryg%ﬁ“?‘& e&‘&%“ﬁ?“”%@%‘?a@@ﬁ{%% 2lheohepipati ey SrogRers i nol ude
acetate, adi paleRisulth@i AGkchatcARSAROAL By dBBRALIALSIroBENIRNERIbIbGRALEL,
benzoate, bisulfate. borate, butyrate, camphorate, canphersulfonate,

citrate, cycl dpyéimxssthnesplione dactabiqratec bntatee lauthtnd benyyll sullffte tnanlate, maleate,

neptonate, - not e Ry Pdie AR ADH Sen il sRRHGAR O b S5 T S

hydr oxy- et hanesulafeppalingtate] @icaky, peutingte, perdl fate3-phéty b onata phydphaell f at e,
mal at e, mal eate, nal onate, nethanesul fonate, 2-naphthal enesul fonate,
ni cotinate, ni H1qratﬁeglvq§@t@d{rg?lonate, stearate, succinate, sulfate, tartrate, thiocyanate,

%

toluenesulfonate, undecanoate, valerate salts and the like. Representative alkali or
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,
tetracthylammonium, methylamine, dimethylamine, trimethylamine, triethylaminc,

ethylamine and the like.

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

The invention 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 3B (GSK3f), p38 mitogen-activated
protein kinase (p38 MAPK), epidermal growth factor receptor (EGFR),
phosphoinositide 3 kinase (PI3K), cyclin-dependent kinase 5 (Cdk5), adenylyl
cyclase, c-Jun N-terminal kinase (JNK), BCL2-associated X protein (Bax), Th channel,
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oxal ate, palmtate, panoate, pectinate, persulfate, 3-phenyl propionate,
phosphate, picrate, pivalate, propionate, stearate, succinate, sulfate,
tart rate,WDhi)nqy%alle, t ol uenesul f onat e, undecanoat e, vaCenst@odalBs and

the like. Repr&SeRhAHMErabEBkIRIGVo! kal ine earth metal salts include

sodi um | it hi UBTRXNBSSOCRT $&lsed-4owmonesi um and the |ike, as well as
nont oxi ¢ ammoni um quat er nary amoni um  and am ne_cations, including, but

not linited tcCawmSHmedulinsgepsadant profaimbinasskinase {GadK k) admpeisiom G-

met hyl am ne, d] } i . anm } 'l am. J am._ne and
The |1 ko, 5. SrOEIOLARY Meepbl WM GO, LFCE AT SR TLRC oF
Neur on Degenermbtetnsyilihesis)mveefdctive inkibitased neurop Guth anxbhpdegbiseaioar Yhe hat
certain nodul ato of the target proteins and activities listed in Table 1
in section A IBB%@‘@“EMPOT é%‘é‘ﬁ‘?ﬁ’étorz“ioﬁ%%@ﬁtrﬂrﬂtﬁlnﬁ?%%‘é‘v{%ﬁﬂ)ﬂ}h Yeycogen
synt hase ki nasg 3Rt &ekR ' - [ r [ ' : 8
MAPK) , epi der nnlce%g?lrO ow h fﬁ%uéﬁggg%@%?%%&éﬁyﬁ&gﬁggSﬂg\?hdg's :f%l ?g‘@ﬁ)é&%?nase
(PI 3K), cycli mfdependeatonidepersmtion fp@dkjred admriyiyhitocsy dleresre regardless of

N-term nal kinase (JNK), . BCL2-associated rotei.n (B , I h channel , G\E
REFERENCE:  PRADES HIE D AT R OB RSB 1 isbptciron or o

cal ci un cal modiggérrAiRRe THGNdre BIsO tbriedh M@ Ki-BAHes (K MUdhlatednGadihal i n, a
Gorotein coupl ed receptor, transcription factor 4 (TCF4), b-catenin,

transcri pti on,ofaieregimseteiner getitityds th)nenson oepxane fepdiag fminhibitioprof nefromenr on
(such as axon) .1 on. The nodul ators function as inhibitors of the
target protei nasxggggéégéﬁ{)ﬁ'ti es, with the exception of the nodul ator of
adenyl yl cycl ase, WiedivehSoraincladés ni@heds.of Tiiébitindhduirdrosruxoi dei@uédiordy axon
degeneration are ig&g&r ed to as "inhibitaors” herein, regardless of their

effects on thetF© gisiag desegperbipeeing &s dessyibed g fPWI*ﬁr Betebpelovt theeur on or
axon degener at;j,QRods g ¥e &rfefhii®n Vb SHERE HhNELEhh 3P netﬁ&ﬁ%%ﬁdlstoﬁ@rs

nmodul ate the activity of a target protein or activity int neuron or
axon, | eadi ng aronjbndsi thitlei rervous sysem. obheomethodsrran elge he catiedout iThgoioneent i on

i bi tor s as s Sied Rt bR MR BB ST At et ralral e BEYOw, t he
net hods can beyrgfydrit@esplitis. i TheVd MOtho&UGE d@sribdl fuiRerbeRAL ARG debcription
neur ol ogi cal di sorders -
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
(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 fhe 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.
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or injuries to the nervous system The nethods can also be carried out in
vitro or ex vivu, such as in |aboratory studies of neuron function and in
t he treatwermlmmsmrve grafts or transplants. These net reugISas00/0653Er i bed

further bel ow, cRf REEEEENISS PRIBIHIONOOf Mt hods for identifying and testing

i nhi bi tors usegrtérRNEEDOEKLNNOFa7aliWHI t or s that can be used in the
i nvention include tgo 1= S d i e ) V\/m ch have

been shown in assay 4 <!
degeneration, as WehdocASafsi eﬁ&a@(qldr tional, knovvn [ nhr b| tors of the tar gets

descri bed herer n (see e.g., Table 3) Addi tional inhibitors for use in the
i nvention can be |d@nayﬁfpe@nﬁgnmgtlﬁtalmdﬂnrtdtosof@etﬁrg@s destiiedsespedsd i ¢ f or
each target, i zed bel.ow. These assays can. I.s 0 firm
The acti vi t] eoPBPBRIAD 788 S aiDdn dl s depiDHRdGogapagers OF
activity, whi cievdrneordRsh ghpemkraten0hdidagribed HtRngan %mwéaater&beatruater y
approaches. After an inhibitor (or activator, in the case of adenylyl
cyclase) is cobrdymeamaszaskasifolloves i Rhesassdys insbysle €1 atltel\&r‘r%(ﬁltowtqu@tort arget
the inhibitors t r or. ax ration,
descri bed here ﬁﬁl%aésﬁ\/t%fi? dgqsgaﬁs «Z@S%m%ﬂ g?tne/gtgompr% S %;l]orl egﬁg : Exerrpl ary
assays for i dewrtidiphagsaysilipicteibse dfgchdiatidnodsglt,amb (s etﬂcﬂlsﬂlma-a@ée@erétlorﬁs wel |
as for identifying and characterizing, additional inhibitors of neuron or
axon degener at$S§Hs- r%aij‘élﬂn% arsapeion asersing Dewen v HBdiceoeration thas geknpon in ar e
described bri e}l ¥t asy S dOVSd i the invENnREFERENCE:  PR4267R1- WO ATTORNEY
DOCKET NO. 50474/ 020WX2 i) Cell-Based and In Vitro Assays for Inhibitors of
Neur on or Axon Dege¥i@er atd smrrallAse;‘aﬁy@l Iirotelrnnmlwdmrdg"fetrbmtattamand”ﬂmrr\bval@lf of the

targets descriped herein a i n neur on, 0 ration,. as well
as for identifOiESH NS B4R enit Hﬂ?“g ufe r§wEps Wgﬁﬁgﬁx@?ultgigﬁm JaEralt i on,
are descri bed ax@nﬂetrﬂbtremmgtstteh Eéh%ﬂ%'vﬁﬁm anBeN QPan@RRlicR&ullf indhby Summar i zed
as follows. These assays include (i) anti-Nerve G owth Factor (anti-NGF)

anti body assaydegenergtions dgqatmens pf nepgersovithputiaNSF antikadicsalsd éea(iK@! severelduct i on
assays, (iii) ngr LV vrncrr

degener at i on a%g%%gt%ﬁggcﬁgg s ﬁgdfgpth%ésr )ﬂgteggbgggé mlgmsr? 8 on or §>€ apbe
degener ati on tiaditoagdetoobatwe tha 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
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
cerebellar granule neurons (CGN) isolated from mouse (e.g., P7 mouse) brains. In
this assay, the neurons are cultured in a medium including KC1 and then are switched
to medium containing less KCl (Basal Medium Eagles including 5 mM KCI), which
induces neuron degeneration. Agents that are found to block or reduce neuron
degeneration upon KC1 withdrawal, which can be detected by, for example, analysis
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.
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the art can also be used in the invention. NGF is a small, secreted protein
involved in differentiation and survival of target neurons. Treatnent of
cul tured wounmyEsimwt h NG- results in proliferation of aromais2eiobE3sreating

such neurons w¢ﬁﬂRﬁﬁ&hQ&£¥}@@gﬁﬁnges results in axon degeneration.

Tr eat ment of n@ur(ﬁmy\md dxano. sAnoANdpodi es al so | eads to several

di fferent norphol ogj c ch s that are detectable by m croscopy, and
Bl oGt
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consi dered as wiangiteledondsid Ricbiré O sspdrt, AQY Eaﬁﬁeﬂ‘aﬂﬁﬁ% daganeriat dyﬁiébtoM' ch
may, if desired, be tested in addi t | onal systens, such as thosée described

herein. The séﬂﬁﬁﬂ@é@ﬂiV&Iﬁ@nﬁ%@NSﬂ@@@@ﬂb@ﬁ“&@k&kOrgﬁbqséﬁﬂﬁwﬂwh@fuse of
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mouse) brains I'S assay neurons ‘are cultur

i ncl udi ng KO aanlgsit bﬁ]ﬁna@é@ofﬂmﬁ ab@and sainRCWdNeRO hahNbolg ab&8S nkéron ( Basal
Medi um Eagl es i ng¢ udln 5 me«]% whi ch i nduces neuron degeneratlon
Agent's t hat ars@e‘f‘ Hy i ganype copgideiad ArtAngidaisdpte bidera ol BT RO

wi t hdrawal , g&heﬁﬁi@n %lgﬁaﬁl%:tl?&jesﬁé{d bk %@te@’fﬁ‘ 1@0na?§@ie}ﬁ§' cRhs ¢ F?eges of

fi xed neurons stai ned a neuronal mark t1-class
bet at ubul i n) GQHXﬁedb@nmldered as candldate |nh|b|tors of neuron or axon

degeneration, whic if. desired, be tested in additional systens, such
as those descri bedgﬂ’er%\éit %L%’%ﬁg iy < ?‘ﬁ?fatmlﬂ“ief’ﬁﬁlﬁﬁ‘?a ET NO
50474/ 0202 Anntiee heLﬁ'@ﬂ,eJ\nﬂQfIm&%h@ Qin%[kaﬁ%&)ﬂlagﬁgm @uliaRlith&¥ @hyes cont act
of cultured neurons with rotenone (2 6as, 12a ) - |

.2, 6, 6a, 12, 1240 HeRERYEMbLen nderghubplerspmcigres- Adensethabary &wnd mehl@{clsomre@}ce
f uro(2, 3- h) Chrd%g&l ra {)ﬁ @fel)leur(%'}ﬁg cgﬂlgeg irdne 81%%én%e 9?\/1%%9&1'{1”?}\?{% hlé:alnt g rdFtS? c% With

naturally occur n e roots in

nltochondrlall@lﬁmhxmmMéﬁ@ﬂ§@@@hnmgﬂdﬁ¢au$ﬁﬁmﬁ&m&m&ﬁamﬂﬁe@laﬁaﬂﬂmhyke
synptons when injected intg rats. ALents that are found to bl ock or reduce
degener ati on &ﬁalﬁﬁl??%rﬁg spastiic el th Hipecqirssopuderet ay @rdidgaahibifostpican be

detected by, f@firo8%aBRIQicgeneration, 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
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
with their activities. The screening assays include assays amcnable 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

determined to be appropriate, based on the subject target.
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anal ysis of images of fixed neurons stained with, e.g., an antibody agai nst
neuron specific beta Ill tubulin, can be considered as candidate inhibitors
of neur orwonosMasiddegeneration, which nmay, if desired, [PETUS3W0QU61703
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for which the I . et. binding or, target activity.
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activities. THEOMPEREEAYIHE may bg ablad py gy detadabls abelnorthsimemelizadght hr oughput

screening of chgforath, é.g‘.,%%g&a%éd, slu%&i e&gtaﬁméuﬁéh%md%ogl%néng%%ﬁ Weng smal |

nol ecul e drug candi dat es. nerally, binding assays and activity assays are
used. The assaystionrs dvsphate, ftlor mmetcaatedcongohettyaroferiordrt s, by washingi ag,
without limtatio ki nase  assays,.,bi achem cal screening assays,

i munoassays, Cé?ﬁlcﬁ’?éé{g? ?QCE%S%&“?%&% ,Surgi’s?e af&ds}eﬁ‘ieﬁ-e&‘ﬁ% ﬂl?e"“&ﬂl?ﬁ%ﬁ?‘?‘at e, based
on the subj eCtinfnbfded torhpdnent darrics @¥etcREFERENCH: e RR4E6 Rl NPikvhd SIRNEY
DOCKET NO. 50474/ 020W2 | n binding assays, the interaction is binding, and

the conpl ex fowmrtbeiswtiac ndicates lhat ednplexipgecsorred] Wheneies erigiellyoanmi xture. In
o PartL o SRR BP0 BLNRERHL 98 RAAIRSHHD . o,
coval ent or namamplabemingd hdohanibsdy dWecificalyaigditg @k irambB®inéd 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

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., Narure

(London) 340:245-246, 1989; Chien et al., Proc. Natl. Acad. Sci. U.S.A. 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 ycast 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 is fused to the DNA-binding domain of GAL4, and

another, in which candidate activating proteins are fused to the activation domain.
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generally is acconplished by coating the solid surface with a solution of
the pol ypeptide and drying. Alternatively, an inmmobilized antibody, e.g., a
nonocl onawvoantydaedy, specific for the target pol ypepti decrash@iommdili zed
can be used to,aiEHar ddel feBeiqhig Surface. The assay is performed by

addi ng the nongj B TRORPEBewphi ch may be | abel ed by a detectable
| abel, to the 1mmobilized conponent, e.g., the coated surface containing

t he anchored cHifpERERtoN ofpeBAL hdadZagpartes genedinderrpenieleof at(rsl hamiiveiedct ed

ot sur  ace Y UREraEnd fh gy R A SR e AR DR BB nont

carries a det eCdlafibecdnadieihg intdisctidg pelypéppidendre Habatd withalkhiohbgehion t he
surface indicates that conpl exing occurred, Were the orjginally

noni nmobi | i ze&ugﬁﬁﬁoﬁéﬁtga 6@%@‘?& Aconmplete kit Y4 TC i higr @&Hgﬁ@g
detected, for Lx@ihEueilit %{-&%&w&h%sg%&ma ¥s SREE Ik itGanl ¥l nding the
i mobi |i zed colrﬁ}pl gi%r ie%‘ tﬁe clandi (t:Iate co oundJPl&g zsiﬁ%o %/}%gg?ihg%ndt)hat
interacts wi t Hedhmiqud sesmurcibilnavailable frent Glogeth. Thiesyisrtreraactsodr eatenddde

target wth the respective pol ti.de can be .assayed by nethods well known
for detecti nquP@Pé’F‘?@BrdBf“éF]ﬁ "%/‘Jr% \%Fél&fqegﬁg_pr%ﬂgﬁntgégt%%? Wﬁlltl aule HRedi't i onal
approaches, sugiin@gcid fosllues BAQSS chutiBKioP thescCigiefa¥UMQPr eci pi tation, and
co-purification through gradients or chromatographic colums. In addition,

prot ei n- prot ei n i nfemenndsibatdatariere withihe steartioy ofidic tgeet apéadebiatedrgenet i ¢

system describ ' se {El el t al.. Nature.(London)
340: 245 246, fg‘g'@‘%\ﬁl’:ﬁa% gﬁgé"t“%a ?&Oﬁ?r%%éfﬁaﬁofl9wicg%{aﬁ%% Teapfion S iy 576,
9582, 1991) asrehassl wsathihythCheyt ayd gk idtta- or BiacelluNaicbmpdeatundeel U. S. A

89: 5789- 5793, 1%;1. I\/ar%y transcriptional, activators, such as 13‘(east GAL4,
consi st of twdFOpfensaRdir e plaavang iy dheintegstan pkthe Hreprdugingl asstithe

DNA- bi ndi ng  dojig|tfof 20 didBE BiR6inda8 SniDGE HARLANET tl]iehcgrsget, the Jeaction is

transcription-activation domal h. The yeast expression system described in
t he foregoi ng rpubl the absenresand ge the padsence rod flertest dormpouad. {haldittonodylacdbd

ohe. i n whi oh thE FargarBatbrd it BEkh " sH e TRATHE ARTRE Somei n of GAL4
and anot her, in WhixBayedndhehslmheahé in\éaatci ¥h RhALAE MhikioR oh Uity dhae
activation domain. 1A I EIJIN | GNE REFERENCE: PR4267R1- WO ATTORNEY DOCKET NO.
50474/ 020W02 Dprotein 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

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

nvention.
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The expression of a GALI-lacZ reporter gene under control of a
GAL4- acti vated pronoter depends on reconstitution of GAL4 activity via

pr ot ei n- pwotzeiotlzmknﬁ,eracti on. Col oni es cont ai ni ng i nt er aeCirg2@oloypept i des

are detected Wit eae Gl ERPeRkASYRSt rate for b-gal actosi dase. A conplete
kit (MATCHVAKER{fdRNEY SBCH Ishuashwsot ei n-protein interactions between

two specific proteins using the two-hybrid technique is commercially

avai | abl e from O onthé@psaysiserieddicsin @an barsed thecrespt bragies of eomagyndsy ot ei n
domai ns i nvol vied i ok i taln - at [ I 0, pi npoi nt
am no acid res@%ﬂglgg’ﬁﬁgﬁugfgltggﬁé% 14;4(1‘)?18{ g%élgt:a?\atlglrsogc iﬂgﬁ%ﬁs{%' ounds t hat
i nterfere w t heollbgionsnbEmaeddrganisads, ddimalsaplaet, ean) amdt dvetbinatdriahlibfries

extracel | ul ar conpon s can be tested as follows. Usually a reaction
mxture is pr e@&}%glaefﬁlﬁ?ﬁ’m P@tlfl?ﬁe(’]t‘%nﬂa@%‘?& of greall preagic myleclesr Bk | ul ar

conponent undegarnf ehibOMimenf) thefa@lay fhdrbiBrlst OV datbeh Qhtithd§ 1ibALigs act i on of
the two products. To test thé ability of a candi date conpound to inhibit

t he interact i onclodingheithoat kmitatianh saivemundngrecpmbinant, synthetie aathsenice and in
the presence of the test.c oun | n..,addition, a.placebo.may,be added to a
third reacti onsynthﬁttlcu Z‘?’Oilyo ! ng'i’??e §a mﬁ)g%;l {a%éa&:@? F’ée}n?ptf%? 4 phagegfisplay _
nmeasuring the livfaachcloding noanel € liBrakisd) idipla0ing @A abfi8gddifeisitigleycafn @ protein

ki nase are known_1n the art, and include direct phosphorylation assays,
typi cal |y i nt eMbedyed apiibpdy dgpmentase phage pardisishandenulgtiglephlbrotiest i on- speci fi ¢

antibodies to ﬁlﬂﬁl cel| - . u t he

downst r eam concgse% e ééégfﬁ?ﬁ%&oe&zﬂlzotr?\%@ ?D 3"‘ %gﬁgg@%@fﬁ/gﬁ%gs egf/ 1r§ reporter
gene. Both of pahede limyoer, shaatibodyeshrarias tabdidréenad inmcadtigrcoatithvlee assays
based on fluorescence pol ari zat.i on, may be used in snall-scale or,

hi gh- t hr oughp Rt HE" lf”ﬂ)a’ied’gﬁb?lft?ﬁl t‘\lﬁ‘!ag?j‘gﬁlg?y ldhraiesa Qfbgr ShSPIA teehiaHe bi t or
(see, for exanpligde, F\RhApIELrisome dr mBN disﬁ%e@a&%%iéﬁ%ﬁpﬂo%ﬁﬁgﬂ. A#?)&S?
Parker et al, J. Bionol. Screening 5:77-99,  2000; Singh et al., Conb. Chem
H gh Thr oughpufci. $65-del 302319128 2894 20axss eGar, tPoer. dutlallcad. St RS . AEA%:4937-

439:491- 500, 2 X d K h | ., .. Bl och 17:.210- 217, 2003).
The screening gg’aly%%s Bg%lg@fdé%luﬁflfgpgqys%%@E‘ggacﬁe&ag&ﬁﬁ% %(?qoagloq ﬂ@%p&?tﬁffse 2)f

i I'lustration abyech A508r34e19579for gbRecllRBSBYSKiMicEN ., PobreBer Bl ®Ei@d
dependi ng on the particular target and type of antagoni st candi dates

screened (e. g.1318nPbbdiselsy opaiajsesien aells; snoepdisries viralahsnbaptuciias smal |
organi ¢ nol eCLth?&virapHﬁngl%'f fUr@&ﬂ 9[ a’l‘rp}\fgc%}ik 8%ids 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 Lert. 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.

i1) 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
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etc.) are well known to those skilled in the art and may al so be used in
the present invention.JA 1 JLIN 1 GNE REFERENCE: PR4267R1- WO ATTORNEY
DOCKET NOvO208MSQABOWO2 The assays described herein nay Po@/usse@d/ot1y3scr een

libraries of cOMPREAGSNCRChRIBEAG Wi thout linitation, chenical libraries,
natural produciTrorRNE DARSKEENE. 504790WRSE | ons of mi croor gani sms, ani nal s,
plants, etc.),.and conbinatorial libraries conprised of random pepti des,

ol i gonucl eot i 4@ OW%r small organic nolecules. In a particul ar enbodi ment,
the assays herein g g SGLhiloySGb5E01aRRIsRRNi sk DSRG fSisokE bk Wi t hout
limtation, nave humar? recgnby?nalﬁ? asyn ﬁeﬁ%ﬁg( ? sen?gles njrbﬁletl Cc anti body
libraries. Theexaremeb@dtwtanttﬁrrarqf supﬂwmﬂ@dlsmmanq:)l éSO]bB racaphuig&s thespl ay

Si mgl e hai n SRR PR Bl KGR kA R Sp e 3

mul ti-val ent lidafinit®the s@m%wéen@xre@nn&ys%mﬂms off YRy SEopRY 18teANbd14108E €s or
anti body fragments per viral particle. However, the antibody libraries to

be screened i HAhSbrgdrerdwctoncd wl q@rlég aprd in hednyansion.afkespotcludemictesd t o

hage di spl a L3y, di ues . ncl u e | e,
rpi bgs one gr ﬁféﬁkgg IS %rau%ﬂﬁp ?i?é gﬁoﬁre@%ﬁ %ﬁg %‘rg%athy %% (}g‘g?qp U S A
91: 9022- 9026, 41994« Ndﬁft@&tfﬁlog&h 19(1F130650, Natil, an&\M%ﬁ@htﬁnMraﬁsé&m&ﬂmé 937-

4942, 1997), m.crobi al ceII pl ay, such as bacterial display (Geor |ou et
al ., Nature Bild{sserrewdlsepgl ﬁroc M%C%ﬁayéfa%fﬂ e-anblishedson ngmb%l K2008).
Protein Eng. 15 43R%n Ackhhe 8T has b SRR Q@M{aﬁem%h fi el itveniBR ©
di splay, viral display, such as retroviral display ban et Nucl ei ¢
Aci ds Res. 33(b@5¢kﬁﬂaﬁmmsmumbmayumammdﬂgmHﬁSbhE»n DNA |i nkage (Cdegrip et
al., Proc. Acad. SCi

281 004, iersen et al.
Nucl ei ¢ Aci ds Res. “330@ @d%%t)s‘m‘élﬁtall?ﬁ ?@ﬁ@ﬁ@l ?%I?B“iiﬁl al " FEBS

Lett. 532:455-afkal fgﬁgl%); of ﬁﬁﬁmé&ﬁy&gés@m@é%ﬁ bk RsddNB cRAThAB Ang 1nh1b1t0rs ,
bi ndi ng/ i nteractl on assays herein can be confirmed inin vitro and/or in

vi vo assays offoryssin H@@éﬁrﬂé}dépfﬁlﬁ proapntanveatipn gnojudeithe sgparpioe aklio Cailssoni vo
assays of axo i ssays, to identify

i nhibitors angé t gﬁ'?\gd?%{e]ﬁs %@%5@8??%%81’?3%“3"‘1 ﬁ%dé{ﬁt a%?u%h]?u%&gi"%at%f Neur on
or Axon Degene?ea:ten@nal . 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/maneb (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. Neuwrosci. 21:RC149, 2001); and mutated a-
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 $-amyloid develop memory impairment consistent with
Alzheimer’s disease (G6tz 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
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.
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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 erosi SW()Allﬂi)gﬁﬁlgzhei mer's di sease, Parkinson's di seageT/tsaeonel783 pl e

sclerosis (e. %NEﬁﬁﬁé{%ﬂzeﬁiﬂﬁbmne encephalitis (EAE) in mice). In

addi tion, spi ngrdNes T 8 Ed 7k B0y N i njury nodel s can be used.
Non-limting exanples i vo.  assays that can be used in characteri zing

I of inv
i nhi bi tors forlds8>13314 Wé4) rdsrefithise alodely axy afsp dg usgsyn the ipvestien REFERENCE:
PRA267R1- WO ATTORNEY DOCKET NO. 50474/ 020WX2 follows. In the case of
anyotrophic | ateral sclerosis (ALS), a transgenic nouse that expresses a
mut ant f or m of Csupdnbibittes efiNemrdmee Ao DeE¥neratimapi t ul at es t he phenot ype

and pat hol ogy of ALS (Rosen .et ., Nature 362(64 15):59-62, 199 n
addition to the SOA° 4?6%@8? f§lsEbdiond WBB’i‘T(SsthSFO%WF ﬁf}ﬁ#l i Vel
sclerosis (ALeIdRRrORERN QS IPRSrLdTtheR 0P BxdtiRPerdefutiohe Thevéent i on.  These

i nclude notor neuron degeneration (Md), progressive notor neuropathy
(pmm), wobbl ercopRpprilseas vadll as otheer agaesespach dhllgBrthatighibit:(@%cEgate, i9TE) , and

TDP- 43 hG i k l..:Proc. Nat|. Acad. ScL
05 A e puol PERTGIEH e, rROGERRSsRen et e Bk biwidlics “has

been devel opedn@hsise@imhiigtinseardnortaRen Hepeasibtion) adcbRIgOotiad Mv&mdhne spi nal
muscul ar atrophy (HCSMA)). Animal nodels that sinulate the pathogenic,

hi st ol ogi cal, biochem cal, and clinical features of Parkinson's disease,

whi ch can be used i R,gpaaracterizing inhibitors for use in the nmethods of

the present invention, include the reserpine (rabbit; Carlsson et al.,

Nat ure 180: 120Margdtd57) ; | met h@ompeidmdsi ne ([rodent and Smartdienan pri mat es;
Seiden et al.|, Drug Al cpohol Depend 1:215-219, 1975); 6-OHDA (rat; Perese et
al ., Brain Res.-494:285L293 ©¥8¢) \pTP |(npuse and non-human prinmates;
Langst on et alProteaseme NeMiHP2 46: 598- 605, par aquat / maneb (fouse;
Brooks et al., Brain Res(Caf2achemiut. N®99 i et al. ,ﬁ Commun.
Chem Pat hol .| Pharmacol | 48689Q067- 170, 1989); ; Betarbet~et al.,
Nat Neurosci.| 3:1301- 13065AR06BY07-8-6i t r at yriosi ]\m t al,), J
Neurosci. 2 1: RC149, 2001); and nutated a- nousge aﬁ osophi |l a;
Pol ynmer opoul gs et al ., [Science 276: 2045- 2 0
GSK3p SB 415286 H
(Tocris Cat. No. 1617) ° °
(CAS: 264218-23-7) —
HM OH
Cl

GSK3p inhibitor I

(Calbiochem Cat. No. @

361540) o M

(CAS: 327036-89-5) N0

N—-g
HyC

GSK3p inhibitor VII Q

(Calbiochem Cat. No. /@/‘k_,ar

361548) |

(CAS: 99-73-0) Br

GSK3 inhibitor VIII N9

(Calbiochem Cat.No. | o 4 Y L,f‘“{}

361549) T OH O e/ TOCH,

(CAS: 487021-52-3)
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1997) nodel s.
and wor ns,

Al zhei merwe 2digesasie. For exanpl e,

Genetically-nodified ani mal s,
have been used to study the pathogeni c nechani sns behi nd
m ce transgeni c for bPamisedod/ocesel op

ncluding mce, flies, fi

sh,

menory inpair zheinmer's disease (Gdtz et al., Ml.
Psychiatry 9: E@;ﬁ“ﬁmwpﬁ“ﬁxﬁggw as these may be used in
characteri zi ng the inhibitors Several a |r'rn| models are used in the art to
study stroke,| i ncl udi ng Fﬁisgépll?t&lflg)f Erbl | s, rabblts cats, dogs, sheep,
pi gs, and nonkeys. Most | fCdlipcheay@Brp. i sic a nmodel s i nvol ve occl ugi on of
one mmjor cerigbral bl ood39¥$4kel such as t}h njlddl e cerebral artery (gee,
e.g., Grcia,| Stroke 15; B-A%;,6019B41&06d Bagse™€t @l ., Brain Iﬁgs rbi Jri
GNE REFERENCE: PRA267R1; WO ATTORNEY DOCKET NO. 50474/ 02 3 11:385-391,
1984) . Any of| these nodels may al so be used if"t Ry ntton. C. I nhilbitors
of Neuron or |Axon Degeneration As described f N bel in the Exanpl es,
t he conpounds|ti-sted-infTable 2, below were identified as inhibitorg of
neuron or axon degenera Lﬁlﬂiumﬂﬁ@@econpour{dgl as well as other agentg (see,
e.g., Table 3) that inh( Piher {ilunealisyage,| in the case of adenylyl cydl ase)
the targets and processekthiiungtatonate (&bl € 2, can be used in nethods of
i nhi biting neuron or axphit Me et lithium dccording to the invention. Table
2GNE REFERENCE: PR4267RLeidleATTORNEY DOCKET NO. 50474/ 020WOR2JA 1 J 1 |GNE
REFERENCE: PR4267R1- WO ANIGARNRY7 ET NO. 50474/ 020WRJt-Al JLi~ | QG\E
REFERENCE: PRAZRARAPIAD Aggm%. i GN\E
REFERENCE: PR4267R1- WO Al X NO. Sp474) 02QWORJTA 1 J | N1 GNE
REFERENCE: PR4267R1- WO W NQ. ' o2 e 3r L i i
(CAS: 152121-30-7) )—@'OH
F
SB 239063 OH
(Calbiochem Cat. No.
559404)
(CAS: 193551-21-2)
SB 239069
SB 203580
(Calbiochem Cat. No. b o
559389) e MH 8]
(CAS: 152121-47-6) | 5
N CH,
F
EGFRK AG 556
(Calbiochem Cat. No. 0 |
658415) HO N \
(CAS: 149092-35-3) H
CN
HO
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GNE REFERENCE: PR4267R1- WO ATTORNEY DOCKET NO. 50474/ 020\WORA |

JLIN | GNE

REFERENCE: PR4267R1- WO ATTORNEY DOCKET NO. 50474/ 020W2 D. Maki ng Anti body
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derivatives by conbi ning,
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Exenpl ary nmyeloma cells are those that fuse efficiently,
production of antibody by the selected anti body-producing cells,

hi ghl evel

support stable

and are se020tWedbo a nmedi um such as HAT nedi um AnpngPCaseqofear7ss cul ar

| EREREENBINCRYRDE OS] dered for use are nurine nyel oma |ines,
such as those &ETORNﬁYﬁ@@ﬁ@ﬁ&ﬁ@h@ﬂmﬁﬁﬂbﬁm{}1 1 nouse tunors avail abl e from

nyel oma cel

SP-2
i on,
i nes
odi es
ody

c.,
S

vitro

hat
ity,

i ce,

t he Sal k | nst iH—ute—Cel Bistribution—Cent nrr, San—Di ego; EItC'A IIQA and
or X63- Ag8- 6533@%¢W§m§vaﬁﬁégpﬁﬂﬁ}%H??ﬁe Are il ture Col | ect
Manassas, VA, | USA. Human(tages 6aaNendl6use- nyel oma cel |

al so have been descri bed(GA$: 33a86p6Huct i jon % AN pbnocl onal anti b
(Kozbor, J. Ijpmunol. 133:3001, 1984; Brodeur et al~, Mnoclonal AntiQ
Production Techni ques and Applications, pp.r L i E REFERENCE:
PRA267R1- WO ATTORNEY DOCKET NO. 50474/ 020WX2 51-63; rcel Dekker, In
New York, 1987). Culture nmediumin which fhybridoma cells are grow ng
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of binding specifically to genes encoding the heavy and |ight chains of the
The hybridonma cells serve as a source of such DNA
Once |sohaoedummhg6DNA nay be pl aced into expressi on ve®COMS20004061783 ar e
siman COS cells,
4{5/4/0@R;Vdﬂ/e| oma cells that do not otherwise

nonocl onal

t hen transfect

Chi nese hanst

produce i munaqgl obul in proteln
:ﬂﬂ%iﬁeconbinant host cells.

anti bodies in

anti bodi es).

ATTORNEN

hﬁﬁq{ 194%4 wych as E. coli cells,

Reconbi nant pr

to obtain the synthesis of nonocl onal

oduction of

ant i bodi es wi[i+4, e deESCT} e detai Wi a li ment ,
ant i bodi es or'%ﬂgl ody| f tﬁ%ﬁeh@% can be |s%r8§hﬁafron1an €$@§&b€ggg
|'i braries gendtratadnes| Bertdzbmilt echpj(iRe3-nagsdnihed)-3f or e@@amamsm n
McCafferty et| al ., Natqn%kﬁéﬁm552-ﬁaﬁnﬂxgggwughqpkson et|@L7, Nature
352:624-628, (1991 and Marks et al .| yidarbdfBailprogsdy@81l- 597, 1991, _
describe the |isolationl of nurine angnﬁg g, B&hgﬁﬁkﬁs re &E&&ﬁgply, usi ng
phage librarijes. Subseguent publicgations descri the pr qﬁ]hgpspf llgh
affinity (nMirange) human anti bodies by chain shuffling|( ‘Eé% % , G A
| i GNE REFERENCE: PR4267R1- WO ATTORNEY DOCKET NO. 50474
Bi o/ Technol ogy 10:779-{783, 1992), s well as conbi nat ori [dl fectlon and in
Vi vo reconbi natioh—as-la-strat egy f r constructi ng—v
| i braries (Wterhouse ePisalifiram Nyc| | 1-Aci ds. Res. 21: 2265- |02 % 74568) . | Thus,
these technidues are Vji@wtabugi er natdioflsdthicsabradildiseifaly lmonocl onal ~ ant i body
hybri doma t edhni ques fofntalask@)i on| bf Ndbdietlybnal ant i bodilgsborglealDNA (al so
may be nodifijled, for exanple, by sjubsthadetihibangide he codi ng Isegadasg f o human
heavy- and liljght-chain constant dofrains in place of the |lea@hogous miri ne
sequences (U,|S. Patent| No. 4,816,567, Mrrison et al., Rr@fcerNagl. Acad.
ScL U S A 81:6851, 1984) or by cpval ently joining to tihg).iymypagobulin
codi ng sequer K%? JeT: 1A ghhgne coding sequence for éﬁgwﬂmyqqg@ bulin
pol ypeptide. |Typi cal |y e Wi i jmrunogl obul i n pol ypept|i des are
substituted flor the coﬁé ént onalns of an anti body, or Hﬂﬁ
substituted flor the va . ins of one antigen-comji 1]éebf an
antibody to dreate a c{ d al ent anti body al., J. lma
1thium c1trate) Rhythms 5.3
(2007)
p38 MAPK | Pamapimod Pyrido[2,3-d]pyrimidin-7(8H)- | CAS: 449811-
one, 6-(2,4-difluorophenoxy)- | 01-2
2-[[3-hydroxy-1-(2-
hydroxyethyl)propylJamino|-8- | Hill et al., J.
methyl- Pharmacol Exp.
Therapeutics
Online
publication
(September
2008)
EGFRK Gefitinib N-(3-chloro-4-fluoro-phenyl)- | CAS: 184475-
(Iressa™) 7-methoxy- 35-2
6-(3-morpholin-4-
ylpropoxy)quinazolin-4-amine | Paez et al.,
Science
304(5676):1497
(2004)
Erlotinib N-(3-ethynylphenyl)-6,7-bis(2- | CAS: 183321-
(Tarceva™) methoxyethoxy) 74-6
quinazolin-4-amine
Shepherd et al.,
N. Engl. J. Med.

353:123 (2005)
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conpri sing one antigen-conbining site having specificity for an antigen and
anot her antigen-conbining site having specificity for a different antigen.
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175:5798 (10935

Neomycin
sulfate
(Mycifradin™,
Neo-Rx™)

(1R,2R,3S,4R,6S)-4 6-
diamino-2-{[3-O-(2,6-
diamino-2,6-dideoxy-f-L-
idopyranosyl)-p-D-
ribofuranosyl]oxy}-3-
hydroxycyclohexyl 2,6-
diamino-2,6-dideoxy-a-D-
glucopyranoside

CAS: 1404-04-2

Hu, Proc. Natl.
Acad. Sci. USA
95(17):9791
(1998)

Paromomycin
sulfate
(Humatin™)

(2R,3S,4R,5R,6S)-5-amino-6-
[(1R,2S,3S,4R,6S)-
4,6-diamino-2-
[(2S,3R,4R,5R)-4-
[(2R,3R,4R,5R 6S)-
3-amino-6-(aminomethyl)-4,5-
dihydroxy-oxan-2-yl]
oxy-3-hydroxy-5-
(hydroxymethyl)oxolan-2-
ylloxy-
3-hydroxy-cyclohexyl|oxy-2-

(hydroxymethyl)oxane-3,4-diol

CAS: 1263-89-4

VanlLoock et al.,
J. Molecular
Biol. 304(4):507
(2000)

46

|
nme

A hunmani zed anti bodpCnas2@9061783 nor e
¢ G R BF B HENCRIPSBE RIS |t froma source that is non-hunan.

al .,
88),

es are
| ess

ed
and
sites

it and

t to

' TORNEY
‘nce of

re
t hat

vor k

993;

nter et

mmol .
ed with



affinity for the antigen and other favorabl e biological properties. To
achieve this goal, according to an exenplary nethod, hunmani zed anti bodi es
are prepawedohygétl_&éft\gr ocess of analysis of the parental sequase@&s/oervd3vari ous

concept ual hungit geFe NIV DeHalwg t hree-di nensional nodel s of the
parental and hm@eﬁ@@@p@@ggﬂm asdi mensi onal i nmunogl obul i n nodel s
are commonly avail able and are famliar to those skilled in the art.

Conput er progrBns dYakingAntiedy Inhihitoxs of Neuren er Axen Begeperatiopr obabl e

t hr ee- di mensi onal cQRfiREBId-QE8 &t e 4 ﬁ%) @glg e

i mmunogl obul i n sequengesggldre\spegtq%&%ygl%&hthgggcggcéﬁs F%y’gsd%gr %‘%ﬂ{anal ysi s of
the |ikely rolievaitioh k& bembduced by methods knovet inolnd arg ireduditpetechmitthicslaf e

i mmrunogl obul i n_sequenc i.e. , the analysis of residues that influence the
ability of there‘&%ﬂallﬂ%f’%‘“}??ﬁ{!ﬂ%ﬁﬂyobul into bind its antigen. In this way,
FR resi dues can be pelfetefrepidiGPmdi ned from the recipient and inport
sequences so that the desired antibody characteristic, such as increased
affinity for the tdojete antigensem fpmeits theedof.@ptonallyrogjegmedto,othdne CDR

resi dues are dljn(r)lgctllsy Egrl% m)(ft .subst aenti al | g i nvol \{igdd.i nol_i nfl uenci.n

antigen bi ndi ngCCAt% PRt Wt 8 imppinogens dop ssperating antipadies. Jion wansmembiane;
ani mal's (e.g.,molke@fs, slthlas acepted PRdEn@ntsUFBibsé (BRINhE atttRalul@fdoRl@04GI Ng a
full repertoire of human antibodies in the absence of endogenous

i munogl obul i rFegsPBLAN S Ascdzstheimmpiogen. i Altepaliveberelliespirssbdhe hat the
ho_rmzy_gous delt?atn'srBnglfané Hl%le@iﬁ%'c?@ﬂjé/usggg%/ 'e%gﬂlluﬂo f! gkagce'ilﬁg%no% c{e‘gl'\_lgc} gene in
chimeric and germline nmutant mce results i'n ¢conplete inhibition o
endogenous antfrdmdyaprabdeictd @mn., cdiicansdidinesf orniy Hewealithgetane béane

i mmunogl obulin gene array in .such germline nutant mce will result in the
product i on of RS g &aﬁmawﬁt@@fpreaﬁéhq EngRemiEee molsgule.
Jakobovits et @lem I%ueﬂ\é@;; bf tafBERYS 1eGhvSNGREE FRENCE o iPR446 { R\, HJ TORNEY
DOCKET NO. 50474/ 020 U S A 90: 2551, 1993; Jakobovits et al., Nature
362: 255- 258, 1w8edin thy pryperatemet astigeas for nyakang dntibodieuioohse i 183nvehg68; and
Duchosal et al Nat.ure 355: 25 1992, man _anti bodi es can al so derived
r om phage- di SHPSURHERP gP KR sl Hisul i oRronth aB85diR Al Be Sodant )

1991; Marks etth&de.in thd.artVdl . Biol. 222:581-597, 1991; Vaughan et al., Nature

Bi otech. 14:309, 1996). Generation of human anti bodi es from anti body phage
display libraries i(# ﬁ@w@ﬁa@g&&l shed bel ow. (V) Antibody Fragnments

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
thyroglobulin, or soybean trypsin inhibitor using a bifunctional or derivatizing agent,
for example, maleimidobenzoy! sulfosuccinimide ester (conjugation through cysteine
residues), N-hydroxysuccinimide (through lysine residues), glutaraldehyde, succinic
anhydride, SOCI,, or RiN=C=NR, where R and R, are different alkyl groups.
Animals are immunized against the antigen, immunogenic conjugates, or
derivatives by combining, e.g., 100 pg or 5 pg of the protein 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
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
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Vari ous techni ques have been devel oped for the production of antibody
fragnments. Traditionally, these fragnents were derived via proteolytic

di gesti orwofzoi(}vma%ts, antibodies (see, e.g., Mrinoto et &CT/UsIoMBioerBEM

Bi ophys. Met h-c?ﬁkéﬁgmc%cymég%-@ﬂd Brennan et al., Science 229:81, 1985).
However, t heseyffAOIRMGCEAMNG. 47800 educed directly by reconbi nant host
cells. For exanple, the antibody fragnents can be isolated fromthe

ant i body phagehf filsF alafeaes: diheanuaad qambroReestedmiBarapiugelr pf thegame angigenr agnent s

can be directl f i i Hﬂgﬁn 1 . m
F(ab') 2 fragn%ﬁﬁ% (glﬁ?%gdte[gﬁ dqef?gf%‘ﬁpf&%}]g?#ec noggééﬁt%%ig%g %%@gnéigaé%% In
anot her enbodi Genbgass atte sen bbmddd in rédoebincatgllecubeleavprotdie fs{oab. Als3, ibs)
formed using the | eucine zipper GCN4 taq onote assenmbly of the F(ab') 2
mol ecul e. Accoargéfeﬁ@m’tgcf‘gﬁl?fﬁt“%gras QW%SEWFa%B(‘EBé 50 @Ei?r}cﬁél??éﬁ’t’@“‘“&é‘?ﬁpﬁ‘ései sol at ed
directly from reconhj)natochastAfbliegul ture. Qther techniques for the
production of antibody fragnments wIT be apparent to the skilled
practitioner. |n otMerockmblouiihediesmay bremadetushgdhe nfbridbma oethiod fastsi ngl e

hain Fv f . F 3/161 ' | ti ific . Antibodi
VUt speci 110 BRvTHERgY SeEEa il o a1 7o bbb BT et

di fferent epitDNASmetihiB(&cl e, EY. PORRSNAMUR16362). |1y tHer13818dhd ME@BY, Ant i gens.
Whi I e such nol ecules normally will only bind two different epitopes (i.e.,
bi speci fi ¢ antersgicesthermpnpriate hastiapied esyichis hhamflror syaedqus pwekey & ti es
such as trispegjfic i I . : | r [.on n used
ool n. Vet hoda el heag e 2 rRRF A TRAT S AbnButs i pEREES54P onlp

Tradi ti onal prdgusticiop aotibodieslthat edid spgecibicslbeldnd iocthapiotdiodiedFori S based on the
coexpression af two i.mmunogl obulin heavy chain-light chain pairs, where the
fwo. Ehat ns. havEIALPBAA GREOD: B T S ] 3 ViR B

305: 537-539, 1B&3re fiBEF A4tH GnyRlontd@1¢ AGAOMASBRIT IR e siAMVPO! J:dé%é n
heavy and |ight chains, these hybridonas (quadrones)G L, r

REFERENCE: PR4ZgpR1ic {apmatorim s sdiakisttingOMosexdantl A20M@2espPatides andpot ent i al
m xture of 10 glifferen i body .mal ecul.es, of which only one has the
correct bispecrg?clt%e’éltpr%%? r,éca%1??ge§%ﬂi9g®. of the correct nol ecule, which
is usually done by TakhibidomaclRnomat pgpaphirest&RS and grohatiNesuitbEanseMe, and

t he product yields . o .
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
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-
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
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
production of human monoclonal antibodies (Kozbor, J. Immunol. 133:3001, 1984;

Brodeur et al., Monoclonal Antibody Production Techniques and Applications, pp.
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are low. Simlar procedures are disclosed in WO 93/08829, and in Traunecker
et al., EMBO J. 10:3655-3659, 1991. According to a different approach,
anti body wenoaplsesdomai ns with the desired binding speciPCiraiseéess1733

(anti body- antlgﬁﬂRgmN@ﬂgRﬁk;ﬁswoare fused to i mmunogl obulin constant
domai n sequencgBrorRNI& @@K@ﬁNgayamlmzow@jﬂ an i mmunogl obul i n heavy chain

const ant domai east p rt _of the hinge, CH2, and CH3
regi ons. The f?lr gf%&?}j) Eﬁ%{af’l‘ EBTﬁg’t%‘?’T 1984 on (CH) cont aining the site
necessary for IIghtcm@eﬂe&ahmhml&l%bh@orﬂg@@%  Bidk dgpe of the
fusi ons. DNAs encodi ng the i nmmunogl obulin heavy chai n u5| ns and, if

desired, the ipmiduetigh obubnerldriabinttibothias directadaghinstethe mﬂlgemtﬂlestﬁmhngt e
expressi on vect ar. are ¢ ected info ui tahl e host, or

Thr s pr ovi des werTGREm Aogleng P APGIEP eIy bbbt RNt OF Fogarirbne. o
the three pol ypepin@Rpfetpaniiit ¢ byan SH@dibRIMSas WS ficH A8 imiRhbRyof t he
t hree pol ypept| de chains used in the construction provide the optinum

yields. It is, (Riohenerypediskel immupopbsotient astry (EbHiIAg sequences for two or
al I three pol ypept 'Ajﬁerq’l @1' AnPN% i&SRREES Ia?%f)guc%tagtrlbo\éqf' he eX Fession

of at least two polypepti é‘g)%ahal ns in equa oS Tesurts |n yi el ds

or when the r afpedficiay, effofity andpaaétvity] aﬁnesmgiyibialsﬁwmg byginmn% cgmgﬂl e of
thi s approach, the bispecifi antl bodi es are conposed of a ri
i mmunogl obul i MPTRESEYEFS é‘Hiagrﬁ“% tagdsre methods (e %F@P@ﬁfﬁlbpﬁ%ne arm and

a_hybrid i munggl gl 4n8 PRRAVY pbh-1o3! !AQEHenﬁ@ﬁ%e ﬁ?%) Bl &htﬂﬂe fedigcond
Pher

bi ndi ng specificity) inthe o arm It was foun at t I's asymetric
structure facifor thaStIBsp(tShalcmaﬁoat:xmplﬂﬂD MW@ERPMM%@ mpémnf ila additipound
from unwant ed h%{) | obul i n chai n conmbi nati ons, as the pr.esence of an

' PRAFYS TR BrEgVBAL VNART 2GHY HROBIE AR &Ml nol ecul e

|nnunoglobulln

provides for a faciti®e mébclohalsaieddsiseietcd BY heARPIIARS Arel ssitsllp sdpamed i n WO
94/ 04690. For further details of generating bispecific antibodies see, for

exanpl e, Sur esfierethegulturenpadiisa psetes flwish or sepan b ggrventgze! lnmwgmbnlgl to
anot her appr Ogﬁ{ﬁfg&%% r# E%gmjeg'sm ag %g?x%ﬁaxplta?e?n Ar%egﬂgr%geeh%(f g)é’y apg 1% pair of

anti body nol e es ca € engl neere mze t erce

het er odi ner s tdhatmai@@apl@cgﬂel’ee(ﬂoﬂhbm@isrdiﬁl@ﬁb,ldﬂaﬁim@ehﬂonﬁltﬂgi‘dﬂ@ The
interface may conp a part of the CH3 domain of an antibody

r | east
const ant domai n. rﬁﬁﬁ |e§‘IQdI'nth§e Nenegipnakpptthafiers: regsidy ssplated and sequenced

using conventional procedures (e.g., by using oligonucleotide probes that are capable
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
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.,
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ATTORNEY DOCKET NO. 50474/ 020W>2 net hod, one or nore srmall am no acid side
chains fromthe interface of the first anti body nolecule are replaced with
| arger siwe2otpal4gic(e. g., tyrosine or tryptophan). Conp@aIaiseeny/o6rayities”

AlLEPINI

of identical %Nﬁkﬂﬁﬁ&cilﬁ@ugﬂ]t‘ﬁg | arge side chain(s) are created on the
interface of tMm@nﬁ)@{Eﬁmgy47momI e by replacing |large am no acid

id hai | ani ne or .threonine). This provides a
fr;acﬁa(r:li ?mnfS o\rl\’1 ’?/gs &%g} 18%9 7é%llgg@f Ez‘ist‘f‘i"eu MBI re} IndkrdPn grdidrvivthwant ed
end- product s Srls'&ﬂﬂf?ﬁah'ﬂﬁ@?&iktﬁﬁég%/ foRloaPEsih: %@n&rg fgsﬁRfaﬁeé g&*@olgws%%z' I nked

or "heteroconjugate” antibodies. For exanple e antli Ies 1n the
het er oconj ugataé, ¥ewl. dedc BapReéd2052206, d998). Thes, dtelsretlechtmdas ateivimbleSuch

ant i bodi es hav for ex .e,  been tar tem eI S
to unwant ed ceaﬁtF@at(‘Y?S%) gﬁ{‘%ﬂ?} %OCI&%%%@gbgl%r ft?ﬁm‘tqf‘ atgﬁ’é t‘%"fo
infection (VO RILRAGAnARCHIAD 92/ 200373) . Het eroconj ugate anti bodi es may be
made using any conveni ent cross-Ilinking nethods. Suitable cross-1inking
agents are wel | knJ\hﬁ DIVA glse may be delfﬁgefoﬁﬁwm«séw splpstiytigg theanoding No. f
4,676, 980, al R [ of I|nk|n t echni. ques chni ques for
generating bi %p c}% gmﬁédgl?gl es fl%gff?ﬁ'czlﬁnct?nﬁ Omams "%Ea%avfeﬁal so been
described in tHOﬁlolldgb&S’ mtlﬂnﬁd%seqﬁ@llbeﬂxma&mt Nbsqqsm 56791\@%1530&1@&1%8’1‘&&” be

prepared usin em cal |inkage. Brennan et al Sci.ence 229:81, 1985
describe a pr g\%ﬂd?‘é’l E- {4 17680 LO$Aher Boeavalenidy ioiingiodbt yti cal Iy cl eaved

to generate F(ﬁgnﬂlo%olgdlfﬁ% bSeq quEh Iumr;ﬁ@%?ﬂfe%oéﬁ%&s@q?%ﬁﬁ%%éﬁb Lhe presence

of the dithiol conplexing agéent” so enite to st i ze vicinal

di thiols and pmmnglobtdmammIeMI ar disulfide formation. The Fab fragnents
generated arc then vert to.thionit ben oate (TNB der| |ves. One of
the Fab' - TNB der i vAPSHS- FEMBHmPRGH0 BHIPGSYRSP idss alspbsiypd

reduction w t koR4r apheias Bﬂér?diihﬁé‘d}ﬁﬁﬂthb%a@sﬁ@ﬂtwé for 8 v@ﬁww@éﬁ&nmﬂunt of
the other Fab'-TNB derivative to formt bi specific anti body. The

bi speci fi ¢ antinpaigss-cpmbiingesite ohan puibadetd ca@atgg@lnmsrw bivalenfengbddyct i ve

i mmobi li zatio I, rrentsc sob dlre

recovered fro%m%;m?ﬁ% Xﬁeﬁqn&g??om%ﬁﬂg 1té3‘9a 33 e((::loﬁl (rzlal% Cﬁa%) Cific
anti bodi es. Shatigiycoatbirdhg slte\haﬁ)ng.spémﬁthity foradlfferent 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., Nature 321:522-525, 1986; Riechmann et al., Nature
332:323-327, 1988; Verhoeyen et al., Science 239:1534-1536, 1988), by substituting
rodent CDRs or CDR sequences for the corresponding sequences of a human
antibody. Accordingly, such “humanized” antibodies are chimeric antibodies (U.S.
Patent No. 4,816,567) wherein substantially lcss 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
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175:217- 225, 1992 describe the production of a fully humani zed bi specific
antibody F(ab')2 nolecule. Each Fab' fragment was separately secreted from
E. coli awo28 up 4eabed to directed chem cal coupling in PCTUS2000/0608M t he

bi speci fi ¢ antLoRYrARRERERENGEvoPRA267R1- WO ATTORNEY DOCKET NO.

50474/ 0202 V,@frpmyt]ﬁg@mlqmgojﬁmm ng and isolating bispecific
anti body fragmegt s di Qe(i:t ly from reconbl nant cell culture have al so been

descri bed. Fort bhesiplaic intethoda theiserBigneso fibg wrighle dopabdi agedegsi ng
| euci ne zi ppergyibBsi @ér@éﬁegﬁgeﬂﬁs‘[ the‘%ntule%r'é}g bf kﬂo%l(lﬁl)ma}n@%ﬁaﬂi? ﬁlﬁlal 992). The

| euci ne zi pper peptides fromthe Fos and Jun proteins were to the
Fab' portions t@quem:s diht fhemem segaerde bioed iisedodoyt tg éneoff the ralant 1§'tirenamep1laddy

honodi ner s Were r uce at t e r on to f. one nd t

re- oxi di zed t ¢~F8 ni‘arlll r%wogb@i)ﬁgﬁtg?gg‘??@?@ anﬁ*ﬁ?‘g)(%‘i‘ &{ Cé?(”
utilized for tim: zapedlt@ggmsbtmeﬁmt JQ%WBMH[@@@W@WT%m@r%Musesa

t echnol ogy descri bed by Hol i nger et al., Proc. Nat 1" "‘Acad. Sci. U S. A

90: 6444- 6448, PAgyRlar rﬁraglerypdmeaé@rl &ﬂmalnet empesivsqwschandlsimnfaprantipddiespf

bi speci fic ant & nts rise a heav cha|
vari abl e dorraldnlp?\}lg)lafr S‘?‘%nqg%pt ‘l%gch ey gﬁ%sraenéerflsa MRS ﬁufe\‘}r}?r by a

| i nker that i sset@aal dffatit }ﬁlﬁlaﬁizbd)wnn)adllés (@rﬁ@ﬁéﬁ@?ﬂrdehﬁaﬂ maalmlonn t he
same chain. Accordin the VH mai ns of one fragment are forced
to pair with tHe?d n%pén%rﬁ%%?ﬂﬂlvﬂ ]54’?@70’(/!]15&8% A$9Bf anot her fragnent,

thereby formng twqt@%ﬁ&?ﬂnﬁumi mg[ Alib&hes @%ﬁﬁﬁ&@%ﬁ&@mﬁmgﬂk' ng

bi specific anti body fragnents b e use of si di ners
has al so been afeporfoethe @segn@nd btshcr favvorable bialogitainpropettics. 1’52 adh368 thli@&4)

Ant i bodi th rethant val ies are.cont | at ed. Fqr exanp
t P i !spgc: fe ;Scwarﬁc'ﬁ%gﬂlgé%arb%‘?ni? ﬁ’ﬁﬁelﬂmtaﬂf‘fefl agitoo, E}mg are prep) d‘ipro%ﬂs?o%o

1991). (vii) EhbgGk @fthwaféhﬂamqﬁaﬁemwaﬂgusl donEBVuaPBuSH P Ricls AsidRdi Ty an
anti body used in the invention with respect to effector function, so0 as to

enhance the efth@etdinensiossl médelsd thgpargngal yand F@naIEE@WQQ@DwstTéIme resi due(s)
may be introd her eh |nterc ai. i sul fide
bond formati o;&l%gng (ﬂq ﬁ?%lgqogk)%gﬁgoﬁéls grg |cﬁlép}0(1:1 1 aar‘{f]l 1 dteﬁ%ga lgaﬁce’? ated may
have i nproved thodeakitiad inziaé monCompatdi propiima et @allabn@meaﬂedraﬁ anld display

kil d ti body-dependent cel | ul ar
g;tmc))lt g)r(r:s 2 ;[ t ;re ?I %@gﬁa tﬁ@g d@%:qgﬁ)lngltcogﬂ)mgt;)nlal stru)(/:tures%f 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.

Alternatively, it is now possible to produce transgenic animals (e.g., mice) that
are capable, upon immunization, of producing a full repertoire of human antibodies in
the absence of endogenous immunoglobulin production. For example, it has been
described that the homozygous deletion of the antibody heavy-chain joining region
(Jn) 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.
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Exp. Med 176:1 191-1 195, 1992 and Shopes, J . Inmmunol. 148:2918-2922,
1992). Honodi neric anti bodies with enhanced anti-tunor activity may al so be
pr epar ed w9|zn§2/(14&44erob| functional cross-linkers as descrChams2000/060B3f et

al ., Cancer Eﬂ oPPnenlivo1993. Alternatively, an antibody can be
engi neer ed whl,gﬁ ﬁi’iﬁ 42@@@47Q,%§]v@5p may thereby have enhanced
conpl enent |lysis ities (see Stevenson et al., Anti-Cancer

Drug Design 3: l2{§94 Q@@ﬁllég% JFkORO‘iltSﬁtéN NatB SRR ERENGEY3 PhuggsRInng _
ATTORNEY DOCKEL M in OffihdI20YER 0 X ohlt Dubisn R Y. 7l ¥ 39: z?&qgg%.oggﬁwd' ng

Epi tope Fusions’In certain e Iments o e invention, it
desirable to lmab@memmabodty déniaeg riemt phag&tdh@rayﬂmmmeﬂﬁioageﬂ@bmm hbdy, to

b deai rabl o UHOBH 3 PR 1A ot or #iauhd Ziof BPaeT-0b YRl Laha s’ serum

hal f-life. Thig Namréagzo@e@hua\fﬁﬂ 19985, @mioﬁ,ofhumarn&@ibe@ieaﬁbmnﬁﬁoc@ sal vage
recept or bindi ng epitope into tf’ue anti body fragnent (e.g., by nutaftion of

t he appropri atlélagfe@}ﬁlﬁw lipratidsds Bamthebérdyritied dglowint or by |ncorporat| ng the
epitope into a peptl t]ag %paat is then fused to the antibody fragnent at

either end or in t by DNA or peptide synthesis). The

sal vage receptor bl\rlﬂioﬁgteelﬁilq&ﬁﬁa\%aﬁeﬁQé\&ldpbdlf(ﬁ tie pré@ictbn bfantibb&n any one
or nore amno acid residues fromone or tw | oops of an Fc domain are
transferred tdragmeatsallagyinnalydhase Gagments W@TeéiﬁtlY@o‘G?PHUFe&b’ﬁﬁ ﬁtgestm Hnot her

XA & e e S ARbGERSLAIEOMI OB O At hOBRBLR! 1D FFgflOR 1 2 o

transferred, urt exanpl e e epitope i's ta romthe CH2
domai n of the 1992 ped)Bmnndrectgl., Scm‘ncamﬂ gG)1985)d [Tomanad ’dﬂemefchg’tr&ntshenﬁ}lﬂlv CH3,
or VH region, or re ne sugh region t he bod Alternatively,
the epitope i %P4 C}ﬁalfﬁﬁi’ }éreé?}? W&I% fls. é@eﬁ%‘nﬁéﬁi’%ﬁm Y PSS r ed
to the CL regi@nbefisoMted Rih %an%od?%ﬁge lﬂiraﬁé@%ls@ﬁgsécp%BéefAﬁgﬁﬁtmel , (%)

O her Coval ent Modifications of Anfibodi es Coval ent nodificati ons “of

ant i bodi es ar d'abngHthgthenischn be dibpstly saspeerest fromiks colhgrsithemical T beypladety be

ant i body. 11 dopt Felr Sde RLCHs S TR By Ruhy TET o LaSPIR SR e
anti body are ieniboamhmess dedéribet hﬁhﬂ‘ékﬁﬁ}ub Belby, the ®@Cdb 6 foh@eilisad tagn no aci d
residues of 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.c., bispecific antibodies,
BsAbs), antibodics with additional specificities such as trispecific antibodies are
encompassed by this expression when used herein.

Methods for making bispecific antibodies are known in the art. Traditional
production of full-length bispecific antibodies is based on the coexpression of two
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)
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the anti body with an organic derivatizing agent that is capable of reacting
with selected side chains or the N or C-term nal residues. Exanples of
coval ent wodnfo@stseons are described in U S, Patent No. PETAB490806173%hi ch is

speci fically | QGPRPAIGING.: PREGIRI. Wy reference. One exanple of a type of
coval ent nodi fA£RSRNY SOCRIENE b4 RBENvEoNPri ses |inking the anti body to one

of a variety of nonproteinaceous pol yners, e.g., polyethylene glycol,

pol ypr opyl ene @Pé}tﬁs|a,P0@Ptlfgd?l§B‘k§/%iPM§%§%{anflhocb’H%Olﬁ%\{%e?P/‘g@ﬁh f”gy prehas U s.
Pat ent Nos. 4, i " 1440 ad, ; : :

4170, 337 1A TSR T RePERERCE " PR by i sl Bt

50474/ 020WD2 (done G amaty ichromafogaphy biopk, ésrafieoenByersoinet arc thnprobodyieRsage

Libraries In a further . enbodinment, the inventi enmpl oy a nethod for
generating and S8 act g WB%eéi!ureéﬂfei%ﬁﬁqsgglnﬁggn%ﬂ%@ﬁe@g%ﬂ&éﬁﬁfggﬁﬁ oach.
The approach i sMBbVE$0:969%.3680 P3910fAeHALRAb b @iffdddt RRHYadRNAFBolY PiABIeS
based on single franmework tenplate, design of sufficient diversities within

vari abl e domai4esnaingi g thy desireg bindpespedbe tigsd ity dyntigtngembiniriggdtes)ard abl e
domai ns, sel ecd | ' Nt i L.es _wi.th high.affini tp target the
anti gen, and fftg%)el%g? ?%rﬁlﬁlg@é%g%gg&écq g%g%lﬁfé FH6aiEs {rﬁ‘iﬁsﬁﬁnlcgn %%/Wbtﬁﬁﬁe di spl ay
met hods can benhamwoglobiilar heaxacmpiieconiehQBnkdy tompridifeataest fat eHitschiagdr e of
which is expressly incorporated herein by reference. In _one exanple, the

anti body | i br drilesnd&et Paorhel hedederanchanrtopganiariontddDispniptngthag t he
solvent accessihean8y RF 1iPh@iAi LR GR bB Bl AR 164 Ao drshisgfie COR of

an anti body variabl e domain. Sone or can be mutat ed using
t he met hods priohideatolmgehaimhmoglotrelireidaey clmim fusionsl ik ifsiesianlt theody

|'i braries can .be geneyat ed nmut at.in ositions in CORH , CDRH2, and CDRH3
Lo forma o nglE PRy T Vi o] T S PR M T ISR ¢ 0
forma single tdnbeacyint®i shblHoat drRei PO STHiE pR%ided forBR:B M IGERH . CDRH2,
and CDRH3 to forma single library. A library of antibody variable domains
can be gener atadiistingihe axiunb pepotiigns pighathres nobypsplide frdgmestsliv embodimertssi bl e

and/or highly \%CYI%I;’K?&ZIP%%IO& J)tqﬂé th%e p%%f%lé'}lnﬁde 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
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
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
disclosed in WO 94/04690. For further details of generating bispecific antibodies see,
for example, Suresh et al., Methods Enzymol. 121:210, 1986.

According to another approach described in WO 96/27011, the interface
between a pair of antibody molecules can be engineered to maximize the percentage
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
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CDRH2, and CDRH3. Another library can be generated having nutations in
CDRLlI, CDRL2, and CDRL3. These libraries can also be used in conjunction
wi t h eachwothmyo4saacgener at e bi nders of desired affiniti @sT/USE09B5EAP! €,

after one or nElgnk, liag?ag HGhhon of heavy chain libraries for binding

to a target aniiRfNeyOERIN NG I 0kdWsATY can be replaced into the
popul ati on of heavy chain binders for further rounds of selection to

i ncrease the aPfthed-ope of mersesmsil gunasacisife hasyramyhe priedace of the fisst
substitution Or 1 ol i i ] ri i i i CDRH3
region of t heo%/ngirg{;(%%h@@%uég??g E&)&%‘é{i %Zthﬁ%rggysy%hdﬁ ?\ﬁ %ezgu‘g%c%%% Oprl}?@t?%ﬁsagft i ng

i brary can cobdmpans@onyl“asatiést pf mentivat obxbdilarségue thedage side whuik) drdie

sequence diversity is primarily_ in th H3 regi on of the heavy chain
sequence. In p‘ﬁ‘é@“%k%? Hiter{age Ofl ﬁhBF%fPS}S P%ﬂgg%aio@&uliermr%a%%ﬁ@m&o {cife
humani zed ant i HRA%L AP GEHABECShes %tzﬁ‘zﬁlh%ed}q}%@&ﬁn f Tﬁ)ﬂ%{(ﬁ\fi@&%"iﬂ&hmﬁgﬂlno
acids of the hunmani zedlA | HIN | REFERENCE: PR4267R1- WO ATTORNEY DOCKET

NO. 50474/ 020Miopingreasingthy yiebbofstbe beterodimeT eerl other anwargahendeproduetstsech iy
substitution q{) atd.least resi dues 95-100a of the heavy chain with am no
aci ds encoded BY'YHEBVK codon set, wherein the DVK codon set is used to

encode a set of varBigRtifihiifodasiifdudefioBURkyd MBeRfocbRjesle PATbSAIENS. AN
exanpl e of an oligonucleotide set that is useful for creating these

substit uti ons ksprnrlene wéthsagifadics ip thoipterocppjusdpeanchesodplae it avidia, | i brary

s created By GUBSL LUSIAN Aty hRBOHE ROt} 2R WA 00 86 AR FNCOdE DY

both DVK and codon sets. An exanple I’gon ot'1 de that is
useful for creaaiung sydtas eclbubahwinied calis (G SNPitexeo. §t66 SO ((EMKYE

NNK). | n anot enmpodi nent, library is created by supstitution of at
I(eas% resi dues"r}ggyllﬁ “%n(s#)5@966%@%%0&%%@%@%%@%?an@&%bqqlf’é'_ codon
sets. An examhg @f mal Rlhg@apuGhemithidSos gink %etlﬁo(%iﬁlﬁ%@%k Qs 1Rt 1 N9

i
these substituti'ons conprises the sequence (n VK) not her exanpl e of
an ol i gonucl ecigtnie argevell knawniis thesefant afealischosedin N§. PoegdNes di636.08Utalomgs
conprises the sequenc NK) b,. .CX her. exanpl es of suitable oligonucleotide
sequences can b %%T%E%gﬁlgﬁlSﬁg}r’l%%w%}lﬂlﬂeé’d inthe art according to the

criteria described TRefifiues forpeastafidpetisREipie dhiiities fibnf ARTLBA} fridARNS 1RST gNns

are utilized to isolate hig ] ) _ o
also been described 1n 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 arc then converted to thionitrobenzoate
(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.

Fab’-SH fragments can also be directly recovered from E. coli, and can be

chemically coupled to form bispecific antibodies. Shalaby et al., J. Exp. 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.
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affinity binders and to isolate binders for a variety of epitopes. The
range of lengths of CDRH3 generated in this library is 11 to 13 am no

aci ds, aIWbaugymBéengt hs different fromthis can al so bePgenseen®e173H3
diversity can (Q@Eﬁi‘ﬁﬁﬁ‘i‘q‘%@ PYoksiiRdoNNK,  DVK, and NVK codon sets, as well as
more |imted diMeIENEYDEEKET 10 @ﬁ,ow@rm nal . Dlver5|ty can also b e
generated in CDRH and CDRH2. The designs of CDRH | and H2 diversities
follow the strategy’®Put @F‘@"éﬂ‘i‘eﬁéortf%alﬁﬁ‘%”@ isphatingdispasific pyiiody fragpents o rﬁ gs
described wt llgg@[,} f r y mat che
to the natur alhhdl ve};r!snlﬁt611 %/do(tﬂﬂ)éﬁr\aggéregvc?lgglg h%gf?lgdnye%ﬁ%g%'béﬁér%r% %38?@[3

multiple |ibr dmpee;lﬁcantﬂi@dlescha'setlveanpadu@pamgﬂaicme\mpplardebﬁtelmglet all, éngt hs of

H3andthenc i ne ers to tar The nul tiple
libraries can 618”’6’8 |1%2§5)aﬁ%651&5 92)5%1%‘1“}6&1@%9 Pt ess%‘?%@ﬁ%ﬁa%é‘m

sol utionsorti r}ﬂot@ﬁﬁ; heflsiined deme Fh@g@nmn%f%dlﬁeﬁﬂtdanhﬁ&ﬁ&s%ﬁg%h%md}ml tiple
sorting strategies may b e enployed. For exanple, one variation involves

sorting on tarigstanndydomedanaspivert redugkd gkahibge weionitn fprinonommntesgpantdhat nay

be present on ant i foll

anot her sort c}fﬁp &r O%C{?egcgggdx’tqggg% 8)(?%9&03%% T?Cﬁgﬁgaq g%"r%ﬁ‘ftgge an be
sorted first dor ﬂlalpgﬁlhcthmwi‘dnﬂilﬁbd@t he@biiehesd! I TiRCAiabbdye téﬂhﬁbl@?y Bispeigiapyar e |
JUN | GNE REFERENCE PR4267R1- WO ATTORNEY DOCKET NO. 50474/ 020WO2 then

sorted using di! U@geéﬁtaéhﬁ'é% Bréhdicad . 110Sde80:63kh-¢tf Sc bifd ebrsmagiidsdsnof
t S
target antigengeldiild @bdddniS '}“Pﬂrﬁé&hgﬂé e%iﬁc%ﬁn&hffﬁa%ﬁﬁ{s Hg 5 rggrgglqg

provides for mnimzation o ectTon o expressed sequences
and provi des fcompsed ®bdavprhoh vana’mlermmalmw}dl) Cfoﬁlﬂdfc&mttofallght éfafd viriaplec| ones.

H gh affinit |nd i ncan i sol tedfromthe
| i gr aries. y El? g’r“pif tf‘ 'i‘?@ S Wgﬁa&wgﬁﬁé&%@a WGBS SBY
about 104 tO lﬂ@saﬁr&'c@aﬁngc@érhﬁl‘glynglemqﬁnd"@L%Hﬁfrﬁbf&n@ﬁ&%eﬂ?&eff&&d@re hi gh

affinity binders. Wilizing raries wth different types of diversity in
CDRH3 (e.g., uwairlwith thgccmwiel@?ntML prdoVi demaing of irmdhiea fiagmerdf thiebyder s t hat

may bind to di Lo at ant i s.isol ated
fromthe pool e f{’i&fﬁgrvgor ai“e n B c,S lrtf: 4 Oglb tégegyg[%ﬁrélgk%%éﬁpﬁf%c %@é?%vd t hat
affinity may tfmgfn;anﬁsrbglthdumbﬂsaﬁgiehyalwwsmy Bi@ndrd RastaBd bdénRpsrtddysden t he
l'ight chain. Light chain diversity is 8enerated in this enbodi nent as
i Gruber et al., J. Immunol. 152:5368, 1994)
follows in
Antibodies with more than two valencies are contemplated. For example,

trispecific antibodies can be prepared (Tuft et al., J. Immunol. 147:60, 1991).

(vil) 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
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).
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CDRLI : amno acid position 28 is encoded by RDT;, am no acid position 29 is
encoded by RKT; amno acid position 30 is encoded by RVYW am no acid
position \80]20105904&4460ded by ANW amino acid position 32 ipsTase@dodi7sy THT;
optionally, a is encoded by CTG in CDRL2: amino acid
position 50 |2§§fﬁ§£%ﬁﬁﬁ Q&gﬁﬁ%v@& d position 53 is encoded by AVC,
and optionally, am no aC| 05|t| on 55 is encoded by GWA, in CDRL3: am no
acid position 9 1 i : palvapgRegeptasddmding Epiope Eugiony aci d position 92

i s encoded by DMC; , d
posi tion 94 15 encgﬁ%&ﬁ @r&.}zﬁ%ﬁ 0L B ienlch, UBEARG I SR BRERL ) 1y
or YKG or bot rﬁragnmnammhdsrehamﬂmﬂcmnbodyatd inbease plood blralﬂmbaﬁmelsc:nmzttfon

diversity in III and_ CDR onS| gner In th

enbodi nent, di %}ecﬁk%b% lfgiazjga desH atwpaﬂév e ygH %;rasmeméﬂ@fq% of
H3 regions andtoq@réuae RE bemBrhihhiY-1F0OPMs #aY Be 4cHRd NKe:AM N\lﬁyldcb bAfibf Bf Can
be formed using individual oligonucleotides and pool ed or ol 1 gonucl eot i des
can be pool ed & slage raceptenitisding effitope bﬁ@the@stlbmyérdgnbn@(mgebyMutathm)f the
enbodi nent can_be sotrted aglathnst tgy?ret bound to so iid t(31 ones .1 sol at ed
from mul tipl e TEPEEIFDL fbg QE P} e POl R thS FPIGREHNO Asi ng

ELI SA assays. peplidéfagetal isthdnyfusddne td MABSdyCRdEnlat SCHRANAE oABBhOEEddIdIe
desired target antigens as well as other nontarget antigens. Those bi nder s
to the target @@th SQISNA&WGP%MW@%& eened for affinity in solution binding

conpetition ELISA Bﬁﬂﬁt 1 ers
can be isolated f rgﬁ%%t%ﬁlv%l br ﬁoyf%u é Etb’g&?@? é‘%ﬁ‘ g%[ls prvg]pl)éal%/eg 9 ,
GNE REFERENCE: or P42 6miRb-2A0 rAsi did=INioh &@@ﬁlﬁ'zl/’o NOps b0eh/H db M Rre dﬁﬁiﬂéﬂréﬂ&d

above. These binders can be readily duced as antlbodles or antigen
bi ndi ng f r agnetft3aL0EOYSRGAILION Bﬁg‘e ﬁﬁ“@é‘V ragment ipanother expraple thisePhBAts, it

may be desirabkgdi® RSN Gwb Idpabt &S FbRafd o €Ak Rircl! WiRleSh bh¥ukne: | engt hs
of CDRH3 region. For exanple, it may be desirable to generate |ibraries

wi th CDRH3 r egixempler tingpitepefis blerafiontthe7ZCH? da@aiamif the Exoeglen (d4. gif aafigGni t y
bi nders isol ate r t | i these enbod ments _are read]
roduced i n bt SFRdlS ad SHRGRR of vai PSS ARG AT AP CHEp Fesidh: Ol
vectors can bendBsdygngeriGiveloate lamtdpeﬁmweemmmz 8t6dn asthgPctragsn Vi ral

coat protein
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
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
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,
4,791,192; or 4,179,337.
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conponent sequence, and/or to add in constant region sequences to provide

for production of full length antibodies or antigen binding fragnents in
hi gh vyi eI\dOZAlOI/(]4b4r4ary with mutations in CDRH3 can be compTEsd006173a

i brary cont ai ﬁ’}ﬁﬁf tPIy 189§ of other CDRs, for exanple CDRLI,

CDRL2, CDRL3, sodowdsy for exanple, in one enbodi rrent a
CDRH3 library is conbl ned vmth a CDRL3 I|brary‘created in the cont ext of
the hunani zed 4D5 4%t PehsentionghAatbedicsfire £ 9ady Phageddbmyienosi t i ons

28, 29, 30, 31, and)qi i, usbAgBhCAEL S &F@E}Eﬁgﬂﬂgﬁﬁt%m' angkher

enbodinment, a library wt rrutatlonstot e co
l'i brary conpr isidsgestaginant] abitbhidiesantig arphafoRtiEbliyeppyoacinallre apprdaalbl e domai ns.

I n one enbodi nent, the CDRH ar s, created with the hu i zed anti body
406 sequence WPYH'GHTIRO bR Agbsy ROLS e baied oxgingipritamenorhng 33,

A CDRH2 | i br argimpRié, B8 ﬁr&@aﬁ@wm dilerbiies v%ﬁﬁiﬂ%ﬁ@ol@&orﬂéiﬂ@ﬁlsﬁﬁ? ofNti body 4D5
with variant am no acids at positions 50, 52 56, and 58 using the

predet er mi ned motipsptidee having ﬂﬁﬁl\ﬁmﬁﬁb@ylawbﬂamams,'ﬁhlecmﬁ b@mﬂl%e gener at ed
from phage Iibr rthe ified to ner at ant ody mutants
with inproved pﬁg)/%fca‘fl lélﬁgﬁf iy to %F%})@l.? aBﬁl%elno@dgﬁ (s "gé*ﬁ%e ver the

parent anti bodptibdier e the assay used is a b| ol ogi cal activityassay, the
anti body mutant can have a bi ol o ical activi in the assay of choice that

is at |east about ﬂﬁtqlkﬂOépb@@td@p y sacthads san bplourd, 2or examglepBQ B3/ 102657 east
about 50 fold tE@eErBﬁé fllsaﬂglr QM&NE%XB}e?QIfﬁ\%&B %ldthefle r?b%r%k(iien%'é 200 fold
I 0 ar y

better, than t ol ogical activity ent an I'n that assay.
For exanpl e, an antlh ona@@eipleameiahdbt;dymmms usmlym avievemtibn cehi begzeadrbiedi ty for

t he target th is at | east about str er, at Ieast about 20 fold
st ronger, %&E‘fa £ sBErenf 6‘?"855%11 M?g‘gq’lg% FrReSIHALS gt Ipashiaie GBRut GNE

REFERENCE: PR‘&‘@K %ﬁ%@y@ﬂ%\&lm NG &Q@ébﬁ@@e\@% IJIQ[Q’[GH%EHgﬂI_% 200

fold stronger, than the binding affinity of the parent anti body
generate the amthcbbdwomﬁtddmem oneowe embpdimgnisndiversd ahtibbdeltrtiiesresn pe. g. |

SOt LU on) 6B LR B0 BTl LT GBIREL 5 L el one
al terations (&itgary, &bPShitdtigipasisnsah CDRIEEMAGDREY it Ofdri @SUBUSISHr iRy oty
I ntroduced in r;tllﬂgtln%apro%QlE)ng 1?1t(|3]l)ol%cdj§/ar\1,\clih &r)le{Htl hCDRH2 and CDRH3 to form a single
library.
A library of antibody variable domains can be generated, for example, having
mutations in the solvent accessible and/or highly diverse positions of CDRH1,
CDRH2, and CDRH3. Another library can be generated having mutations in CDRL1,
CDRL2, and CDRL3. These libraries can also be used in conjunction with each other
to generate binders of desired affinities. For example, after one or more rounds of
selection of heavy chain libraries for binding to a target antigen, a light chain library
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.
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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result in an inprovenent in the binding affinity of the antibody nutant for
the antigen fromthe second mammal i an speci es. Exanples of franmework region
resi dues wo 2[111]@11'418]@461] ncl ude those that non-coval ently bi mdTarseéogo®m7ds rect!ly

(At et al., %t%f%fﬁéfﬁﬁ%‘?&é’ 1986); interact with/affect the

conformation ofrgy NG Bi74@bowor) Mol . Biol. 196:901-917, 1987);
and/or participate in the VL - Vn interface (EP 239 400B 1). In certain
embodi ments, nBHPPXHL? SHqugiceohbe bbrarysan by eredigd Ry subshwiion R 4 desTisidessi dues
results in an n bl ndi ; i nj gﬁ% j t he
antigen from t%ﬂ;b@g@g%ﬂkﬁgmta{hgwﬁ}g%g@pgg@ odrahée%(/%?r‘élfe, Craogér%l gﬁ’%]i‘efr%he to
about five fr atheWdtkkcades sl isesedriyenbadead et birdhriant dnfins adddiodeveendncodf t he

i nvention. Sonetines, this may be sufficient to yield a ti body mutant
suitabl e for [Esseimmsw&ﬁwvéw?% oL B st i HeEIof sremtm hese

hypervari abl e §i8&it@fods@enfHES thaxguheem B eledmeNRHIBInhts, DAVEMSE, the
antibody nutant will conprise additional hypervariable region

al teration(s).cridied bygbstvatidnadiiresiduss P ol 09ewitl aminotahids eagodedibyt erte dlikay be

changed randoml y, ecially where the starti i ndi .affinity of. the
parent anti boa%ll%i]\éﬁgg%cﬁmtsﬁtﬁ’t A?t%?imPlﬁHg%ﬂﬂoﬁ?@g‘l}%@a&ﬁ%il%'bsﬁb’l °EAtEE can be
readily screengeke sthinutas tdmpises @d yefueh@ (DIENENAK) Nth Sléefer aRbbdgel, AUt ant s
is called "al ani ne scanni hg nut agenesi s" (Cunni ng_gam et al., Science

244: 1081- 1085, librargay created by subptétuigen ofgy keagresiduss Ay 894 with ampine aeidgi on

residue(s) ar CcSRAIDPYyRLATMAK Qo 0hy Al FOIAMIL Gl diShRIdagldect the

interaction of t e antigen fromthe“second nmanmal i an
speci es. Thosehiipescfid foraitating dgsosubsigiaiichsepmpriss nivnst tisncé OV LM WEVKpnal
sensitivity to,the substitutions then are refine i nt.roduci ng further or
ot her mutat i on‘%n%{gerc??‘a‘flﬁlfe 0? preoligoppgeqdide et ti@‘&??ﬁ%?%‘:ﬁﬁﬂgg, thGifi e the site

for introduci ngihafu@dhsROmpkicd 1RAGYURASE BN, 2OIRPeathphis@Eeiphd ned, the
nat ure of the nut altli on pe?ﬁse nee%{%r}ot( be f)redet%rampﬁeresd. 'Ilhe al a-mut ant s

produced t hi s clgpnenlentide pesperends £ayrbetdeterminigdl by ogg skalleddin thewdrt accardingeds thei bed

herein.JTA 1 i rfltenG\lescrl IggﬁleerCE: PRA267R1- WO ATTORNEY DOCKET NO.
50474/ 020Wo2 NOrfa Yy one Wolt d start with a conservative substitution such

as those shown bel awatdiB@renibbeinitan diff@er® CORHBARIS greSkiliséd thUiolQORigh |
such substitutiogns result in_ a ) ] )
affinity binders and to isolate binders for a variety of epitopes. The range of lengths
of CDRH3 generated in this library is 11 to 13 amino acids, although lengths different
from this can also be generated. H3 diversity can be expanded by using NNK, DVK,
and NVK codon sets, as well as more limited diversity at N and/or C-terminal.

Diversity can also be generated in CDRH1 and CDRH2. The designs of CDR-
H1 and H2 diversities follow the strategy of targeting to mimic natural antibodies
repertoire as described with modification that focus the diversity more closely
matched to the natural diversity than previous design.

For diversity in CDRH3, multiple libraries can be constructed 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
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
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change in biological activity (e. g, bi nding affinity), then nor e

subst anti al changes, denom nated "exenplary substitutions” in the Table 4,
or as fueremOdEwm bed below in reference to am no aci #CTIS2@9H61733 €

i ntroduced an t d. Table 4r Ai | i GNE REFERENCE:
PR4267R1- WO AT, %ﬁj %8 WEO20WD2 Even nore substanti al

nodi fications in the anti bodies biological properties are acconplished by
sel ecting subsft triedHsng FriptieH thaé?rbl@‘? gg\wthéiaﬁﬁasylgi qenegREptionsfof geget on

A 19\ dnblip BRI Hofhildfioh 6 PRLUABHIS S AT BRRT forl e ar €8, of

t he substltutlon or ex aseet or ormation, (b) the
charge or hydrmmhmizalmortqf selectidnefwnlyddghlpexgirestdibsetj@nget andlipkdvides for( c) t he

bul k of the side chai tural. 0CG reS|dues are divided into
groups based ost‘?FeGB ‘E"gg)@ }f%‘e Q}e@f{ﬁpﬂﬁsc o) hydrophobic: norl euci ne,
net, ala, val, leu ngh Qfﬁn( )Jlﬂa@x‘étféﬁhe {é)’é!:'f QRlYeh b beclgé:lateé%m thOibrafied, 9i N,

(3) acidic: asp, glu; asic: his, arg; (5) resi ues thsat |nfluence
chain orient ath,luntmg}llyemplrlo th%IﬁHPI(Z@glam (bfmxtasezs degerrmacy yhqut pbieto 10° fold and

Non- conservat i substit ons.. W ai | one of

t hese cl asses ?Vl%grfB?rﬁé% %V%@?’ prPWd%f‘rft(?f nge%@%b%gﬁﬁ%ﬁlpgerf hgbﬁflfl%gb‘%?%ct ed
for nodificatiwih aifereaf fyp& dOiveRdity i€ dDRSI3N@.gRhEBSNE DK SYNVTESroHAY Rk -

Nucl ei ¢ acid nol ecul es _encodi ng am no acid sequence nutants are prepared by

a variety of nselpinscofibingars that mayding to diffysen epitareholstarastiniigen. but are not

e g Kunkel . Proc NGt 1o TREA R 0Bl Shah b Gy B Rt s e,
and cassette netadBoested tdt afinitg anﬁdyibe furptiee pAprededbit @otidiap litirddiversignt

version of the parent antibody. In_certain enbodi ments, the antibody mutant
will only havemghes‘i%ﬂ@ﬂhJﬁ@%&?lﬂlé‘b\f@éﬂ%@ge&ﬁra&éﬂ thizerabsiunentas EdlowsEn ot her

embodi ment's, t@MORPY: ABhEaQd pddkon 28 is encoded by RDT; amino acid position 29 is
encoded by RKT; amino acid position 30 is encoded by RVW; amino acid position 31

is encoded by ANW; amino acid position 32 is encoded by THT; optionally, amino
acid position 33 is encoded by CTG; in CDRL2: amino acid position 50 is encoded by
KBG; amino acid position 53 is encoded by AVC; and optionally, amino acid position
55 is encoded by GMA; in CDRL3: amino acid position 91 is encoded by TMT or
SRT or both; amino acid position 92 is encoded by DMC; amino acid position 93 is
encoded by RVT; amino acid position 94 is encoded by NHT; and amino acid position
96 is encoded by TWT or YKG or both.

In another embodiment, a library or libraries with diversity in CDRII1,
CDRH2, and CDRH3 regions is generated. In this embodiment, diversity in CDRH3
is generated using a variety of lengths of H3 regions and using primarily codon sets
XYZ and NNK or NNS. Libraries can be formed using individual oligonucleotides and
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
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
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hypervari abl e regi on resi dues of the parent antibody wll have been
substituted, e.g., fromabout two to about ten hypervariable region

subst i t utworze10/@sisnar i | y, the antibody mutant with i nproTas20606083 cal
properties w IdNﬁ@ﬁ/ﬁﬁﬁcgn}lg@ﬁﬁqlvposequence having at |east 75% am no acid

sequence |dentA1tm1@4ﬁ§Y§jd@l&Eqm Yohbdawdre am no acid sequence of either the
heavy or light chain variable domain of the parent antibody, for exanple,

at |east 80% dgtcribsdapovgsdhesgbindgrcpn QE)%ad’éﬁPr&fluqeéé§?nt§’9@4>e§@’iﬁ§’élﬂ% identity
or simlarity respect to this sequence is
: nbl%@ﬁ%&%egﬁlgﬁgég djlé}& 1{ é’ell"t‘uhﬁe

defi ned herei am no acid residues in the candi date
sequence thati GNEImmmzﬁﬁmbmsmﬁm@e«ermemma@@wr020\/\02

are identi cal ) m | ar no, aci d residue

fromthe sane déﬁ%‘w in S8 R Rder g Ora%alinﬂ i BiskPe Felablede esnste) wi t h
the parent antlib@mhmim@mreg@&n%%gmg%Q&)uftheo PEAHRDGERs.and i ntroduci ng
gaps, if necessary, to achieve the maxi mum percent sequence identity. None

of Nnterminal, Ct High alAnity bindé¢rs isekateall framy thedbraviss of deseesmibodinentraré nserti ons

Lonotrned as 3 Zg%d’ﬁ&pfonac%d@a&&&t%f%de AfkabiiBs VLR R TG s can

production of Heliesigimiditd edyilytenant secfuhﬁbeblsﬁﬂh@glgD&hgsaﬁ‘li’dl‘ébét)pr(Qémt hat ol ecul e
relative to the parent anti bOdé? i s determ ned. As noted above, this may

i nvol ve det er FORIPAREDE PREIVBICRCANEPT 4 ¢4dnnt09n%a@are@ron§t3w0%ut@p@gid@ém activities
f th tib | of
0 e anti Oﬂit‘odulcﬂoﬁoﬂ{lﬁfl g{h%% ESfé}Qsddr'Eﬁgée Q%nc&ﬁ%%%&gg H?lﬂ%ht@el anel 0

anti body nutants 1s prepare Screene or the
antigen or a fragnenlibryevidohuta@oe 0 CDRIL ecanfbetchmbaied mbithdylibraty anitsinsigl ect ed

fromthis initial screen are o oaII sub 0 further
bi o 01 cal - actROREy caeeagEs e Eoks formemak ag b foud Dl Rt i « n
enhanced bi nding/oaCHRMA YIHRE Gof SRS, HSGkWnbo8intni, a(CISRIPS ﬁsﬂamgcal studi es.
The antibody nutant(s) so sel ected may be subjected to further

nmodi fi cati ons CO@bm@dwtﬂr@sC@ébéhbmangcrmﬁed inehd qontentieldhe BemafizadHdSant i body.
Such rmdlflcatl i nvol ve further al,terati.on

acid
sequence, 1 oo BICRs Fliebro Y SuhrGh ettt BuRuy S ap Rookielef 2 ¢
nodi fications usisg rpr@istehhms(@c@ioatgas atregholiet eMbodhhedl, 4 BEREGHItH Bu@ibidqo aci d
sequence alt er at | on exenpl ary nodifications are el abor at ed
RH3 can be combined with a library comprising variant CDRH1 and/or
CDRH?2 heavy chain variable domains. In one embodiment, the CDRHI library is
created with the humanized antibody 4D5 sequence with variant amino acids at
positions 28, 30, 31, 32, and 33. A CDRH2 library may be created with the sequence
of humanized antibody 4D5 with variant amino acids at positions 50, 52, 53, 54, 56,
and 58 using the predetermined codon sets.

(xi) Antibody Mutants

The antibodies generated from phage libraries can be further modified to
generate antibody mutants with improved physical, chemical, and/or biological
properties over the parent antibody. Where the assay used is a biological activity
assay, the antibody mutant can have a biological activity in the assay of choice that is
at least about 10 fold better, at least about 20 fold better, at least about 50 fold better,
and sometimes at least about 100 fold or 200 fold better, than the biological activity of
the parent antibody in that assay. For example, an anti-target antibody mutant may
have a binding affinity for the target that is at least about 10 fold stronger, at least

about 20 fold stronger, at least about 50 fold stronger, and sometimes at least about
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above. For exanple, any cysteine residue not involved in maintaining the
proper conformation of the antibody nmutant al so may be substituted,
general | ywmizt)hlb,/geﬁgblne, to inprove the oxidative stabiliPgTafS2aMacrmes ecul e
and prevent at@rﬁii%ﬁ‘ﬁgﬁrﬁﬁﬂzwﬂlﬂ% Conversely, cysteine bond(s) nmay be

added to the agjig BTN O \Sea7kbRwdabi 11ty (particularly where the
anti body is an anti bogé(hfragment such as an Fv fragnent). Another type of

am no aci d mut KFtfold0s 280 fold stegnger. thap dhsRinding #finjnet e parentanibedyy pe

achi eved by del eti N&aR 5 iLetles.: hhthe

anti body, and/or a iér%\:g Sﬁgﬁ{tﬁggﬁgﬁ%gsﬁﬁ?%ﬁ&g%%g@ﬁga?mg?g'gg’ot
present in theubstitutbodyare @typdosyliadnoer mdre afithe hgpkiresiabke regiphsodltheypagirtt her
N-linked or Oli.nked. N linked refers to the attachpent of the carbohydrate
nmoi ety to the aélf‘_g%‘?yc Kl ferpalye CUREE S ?r_erg?r&ﬁg‘?rat“f‘?f@ -+ ﬁ%il‘iuagr_’sgéguepces
aspar agi ne- X- sefhdWorR R ASBAMRY n§ b&idtIaaN i iR the pARSE Sniboliy widhY t1@gk no aci d
except proline, are the recognition sequences for enzymaticJCA [J-JN | GNE
REFERENCE: PRA28HR1 anDATTORNE W hObiengNGini s Ty @pibwmaanidohtire antigsh t he
car bohydrat e i o t.he asparagine side chain. Thu t he presence of

ei t her of thegigoﬁﬁ%éﬁé%%nﬁé%ar%%%ﬁgﬁgee%esi F?X%mﬁl%f %%%??Wéﬁ éefgéoéltrggd'ﬁas Dt ent i al

gl ycosyl ati on 8édi8. inéhudd thk@dhgInysesydialiyomd eiigsbsditeaty matkt A¢pRate of one
of the sugars N aceyl gal act osam ne, %al actose, or xylose to a hydroxyam no

aci d, nost comiBiy7sériH8e); srerasirvaByifet the cerHoumeation ohy §DER(hoBid dal.of
5- hydroxylysi WoﬁB)bl.ai'9|§90P-@1’7{5®|§7)é @gogb@aﬂgl@fte ﬁltﬂé:giy{/atiﬁtgl@acgl £©534 0 the

anti body is conveniently acconpli y errng the amno acld Sequence
such that it cdABa). s comen embebmentsfmaedifcatibnwéotesemdre df duch rapeivak

sequences (for N-1inked 1%' COS Iarhiiflon site 21 The alLft era}i on nay %I so be
made by the adGFPR BTOUFS B AL BEETRRETER Hyn BRdS AR & Ugrniesdgior
threoni ne resigygs; Eﬁfrhﬁﬁhé%%&nﬁfali&h%e%& G Rk aRIE] RADbduk Bfic £ | | Nked
gl ycosyl ati on si tesg). (xii) Reconbi nant Production of Antibodi es For

reconbi nant prabdudtvedramsivogresidu¢suaybe adtered i thicenalyidimen obthie meychtier. ant i body

is isolated and |nserted into replicable vector for further cloning
(anplificati onr%g)r’}etlfnﬁ% t%ﬁl&)ayoF S‘?fgrc ‘egitﬁryéeg‘i?%ﬁ“%ﬁﬁhm&%&bs utﬁ]%}e e mBhocl onal

antibody is r gaelilihical sialspdvesl whekt oaE UERE Btherwiriable ¢aMERtdARAavPRRaedur es

(e.g., by using oligonucleotide probes that are_ capabl e of binding
specifically t e@éng[grmally, however, the antibody mutant will comprise additional

hypervariable region alteration(s).

The hypervariable region residues that are altered may be changed randomly,
especially where the starting binding affinity of the parent antibody is such that such
randomly produced antibody mutants can be readily screened.

One useful procedure for generating such antibody mutants is called “alanine
scanning mutagenesis” (Cunningham et al., Science 244:1081-1085, 1989). Here, one
or more of the hypervariable region residue(s) are replaced by alanine or polyalanine
residue(s) to affect the interaction of the amino acids with the antigen from the second
mammalian spccics. Those hypervariable region residue(s) demonsirating functional
sensitivity to the substitutions then are refined by introducing further or other
mutations at or for the sites of substitution. Thus, while the site for introducing an
amino acid sequence variation is predetermined, the nature of the mutation per se need
not be predetermined. The ala-mutants produced this way are screened for their

biological activity as described herein.

61



encodi ng the heavy and |ight chains of the antibody). Many vectors are
avail abl e. The vector conponents generally include, but are not limted to,
one or nowe 20fo/ike6f ol | owi ng: a signal sequence, an ori gcm/uskomwepl7dEat i on,

one or nore nqg%ghmﬁ Anerhapser element, a pronoter, and a

transcription Aﬁdﬂmtﬂ@kmgm@mﬂw@ as described in U S. Patent No.
5,534,61 5, which is ?C|f|cally |ncorporated herei.n by reference).

Suitabl e host cell é\l%lﬁ B PRV oRd sart @ ihracoasaryative Subsitiph sychas hose shodmher ei n
are the prokarphLundtfasheaddhs &i- ?H‘;%rre%%lﬁ t @io%sﬁ% Llﬁ:hqwlgdtgﬁﬂre%ﬁ?ﬂﬁt

Sui tabl e prokaryotes for thi s puf pose 1 nc e eubacteria, such as

G am negat i ve chang@rinbiopagsial actigitp (ganbisdig affmuty)gﬁEmnhcee SLEExstaena:lbhmtge:r i aceae

such as Escherj chi a, 9., E. caqlij., .Enterqb r, a, b | 1 a,

Pr ot eus, Sal 8?915’&“6@ %‘empgaé?' ﬁﬁﬁbﬁurlanst 3}?)& %He gfl?déefrldﬁbmg “B{"So‘ger ratia
mar cescans, ang réies@l b @mnﬁ%ci’b?dliss@ssa@%@tfddhbe&iﬁﬁlﬂhﬁﬁo&cts%‘é%héd. s and B.
Ilchenlforms (e.qg., B l'i cheni form s 41P disclosed in DD 266, 710),

Pseudononas such as Plakledugi nosa, and Streptonyces One exerrpl ary E. coli

cl oni ng host is E cagta=29% (AT 3t 440), al Llluugll t+a ns such as
E coli B E coli X|CF¥aTod B and E col i \r/%* “i% ATCC 27, 325)
are suitable. These- AResidibe | GNESIRERERENCE: PR4267R1 s\ﬁ@,t,ﬁ]{'[ﬂg{NEY DOCKET NO.
50474/ 0202 exanpl ed-are illus rafl\/e rather than llimting | addition to
prokaryot es, eukaryot|iAdafikr obegvaeti igs fil ament oug Vﬁ]ungl or yeast are
sui tabl e cloning or R on st o1 anti body-=et uu. fg—vect or s.
Sacchar onyces cerevi gi aé g nbﬁj r's yeast, i %t he nost commonl y
used among | ower eukgraatiNg hostglﬁq}ggqgg@m sns. Howgwer, a nupber of ot her
genera, species, and|strains are commnly available|[and useful| herein, such
as Schi zosacchar onycg sASpcﬁEbe K gyver onyces hi hosts sdeh as, e.g, K. lactis,
K fragilis (ATCC 12 "“( s%allLua (ATEC16,04%) wHekeram i (ATCC
24,178), K waltii (A'{F@é %)g 50 K. drosophi |l arum ﬁ\éFCC 36, 906), K
thernot ol erans, and KGiRenxi anusasnyar row a (EP 402, 232§); Pichif pastoris
(EP 183,070); Candida,_TIrichodermn reesia (EP 244, 234); Neurospora crassa,
Schwanni onyces such a$ilsfBwanni paspces occi dental is; |asd fil ament ous fungi
such as, e.g., Neurog R ) pro: ala o
His (H) asn; gln; lys; arg arg
Ile (I) leu; val; met; ala; phe; leu
norleucine
Leu (L) norleucine; ile; val; met; ala; | ile
phe
Lys (K) arg; gin; asn - arg
Met (M) leu; phe; ile leu
Phe (F) leu; val; ile; ala; tyr leu
Pro (P) ala ala
Ser (S) thr thr
Thr (T) ser ser
Trp (W) tyr; phe tyr
Tyr (Y) trp; phe; thr; ser phe
Val (V) ile; leu; met; phe; ala; leu
norleucine

62



Penicillium Tol ypocl adium and Aspergillus hosts such as nidul ans and
niger. Suitable host cells for the expression of glycosylated anti body are
derived fwormnmyldgdacel | ul ar organi sms. Exanpl es of inver pelrusteoneiBs

i ncl ude pl ant @@ﬁhhmegﬁﬁJz%lea‘er ous baculoviral strains and variants

and corr espondi PRGBS MENG.R5LG2ast cells from hosts such as
Spodopt erafrugi perd. a(caterpillar), Aedes ae&ypti (nosquito), Aedes

al bopi ctus (mosqui thyen n}ﬂr%wﬁtﬁptﬁaéﬁﬂd&}?%%ié ie@nHbrdies Bglogis ramsFHsy Rrenor |
have been i de%b&&ﬁ%hmfb?@tiéﬁgh%§15|sttit¥1{i51?s| thﬁtdﬁt?ér@%nfﬁ%ﬁnﬁ)r ARSI, ar €

publicly available, e.qg. variant of Autograp "hacalifornicaNPV and
the Bm 5 st r ai maiofainBrgniaythe sondtukieYthegotypspitle backboses thayrebef thsed as t he

virus herein accaording.to the present inventiop, particularly for
transfection osf‘lggﬁ‘(‘)tb(’d‘pfoéreéar’flﬁ& SBéﬁ‘EFt Sﬁ%q\fllc .C‘)P’F’Eﬁgtwé’eﬁ% %aﬂ}?{éP@E of cotton,
corn, potato, igaypashcitP&tiilindlect]®TBhe tar@tdid OPRT AR floBhs9ddehait 1 | 1 zed as
hosts. However, interest has been greatest in vertebrate cells, and

propagat i on ofNatpiatle pecarrengoesiflupsiare dvidedingo gronpsshasedoan copmedn sideschaircone a
routine proceﬁiﬁ.}gl?e.melgxarrpl es of useful mammalian host cell lines are nonkey
kidney CV |ine transfornmed by SvV40 (COS-7, ATCC CRL 1651); human enbryonic
ki dney line (293 or(129@raphbbis: muleheis thek,Qlla, a0 ild; N suspension cul ture,

G ahamet al., J. Gen. Virol. 36:59 (1977)); baby hanster kidney cells
(BHK, ATCC ccL 10) ;(2cauHaldwdrpphiicesysowharky, 88 gIADHFR (CHO, Urlaub et al .,
Proc. Natl. Acad. %g}'aci&i&%s gl 7+ 4216, 1980); nouse Sertoli cells (TM,

Mat her, Biol. Reprod. 23:243-25, 1980); nonkey ki dneyGNE REFERENCE:
PR4267R1- WO ATTORNEH) 16ICKRT, INQargb0474/ 020W2 cells (CVI ATCC CCL 70);
African green nonk ki.dney, cel]ls (VERO 76, ATCC CRL- 1587); human cervi cal
carci noma cells (HE) FSlg‘ﬁeéé‘aéﬂduﬁﬁm,ec ARiorenRiigh 8l B Py (MDCK, ATCC CCL
34); buffalo rat |igefoeid: &p(BRh8A ATCC CRL 1442); human lung cells (W
38, ATCC CCL 75); human liver cells (Hep G2, HB 8065); nouse manmmary tunor
(MMT 060562, ATCC OEmseppservegive geltstigitionmw legntaat exghangingramagrsbedyf omcefd.  Sci .

383:44-68, 19 : M%[% ; JES4 cells; and a human hepatoma |ine (Hep
&) . Host cel ﬁﬁgsgrce F’goﬁga’ﬁ%t#]%%%as\%th t he above-descri bed expression or

cl oni ng vectors f orn amnithd@ipofit@et) el sites @ndteddbit @ fcdtion GRIMEBRIt @fdted
nutrient medi a}lsﬂl?gcli)ih];éee isplay (see above).

Nucleic acid molecules encoding amino acid sequence mutants are prepared by
a variety of methods known in the art. These methods include, but are not limited to,
oligonucleotide-mediated (or site-directed) mutagenesis (see, e.g., Kunkel, Proc. Nat].
Acad. Sci. USA 82:488 (1985)), PCR mutagenesis, and cassette mutagenesis of an
carlier prepared mutant or a non-mutant version of the parent antibody.

In certain embodiments, the antibody mutant will only have a single
hypervariable region residue substituted. In other embodiments, two or more of the
hypervariable region residues of the parent antibody will have been substituted, e.g.,
from about two to about ten hypcrvariable region substitutions.

Ordinarily, the antibody mutant with improved biological properties will have
an amino acid sequence having at least 75% amino acid sequence identity or similarity
with the amino acid sequence of either the heavy or light chain variable domain of the
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
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as appropriate for inducing pronoters, selecting transformants, or
anplifying the genes encoding the desired sequences. The host cells used to
produce awoi2btdidestef or use in the invention may be cul t @cews2evoaecras i ety of

medi a. Commer BRdEQ such as Hams FI O (Sigma), M ninal
Essenti al %dfillj?%!kh? éﬁg’%ﬁ?@%ﬁfzw@o (Sigm), and Dul becco's Mdified

Eagl e's Medi um ( gma) are suitable for culturl ng the host cells. In
addition, any 3f %Y«E Técaﬂrgéﬁ gapeEsidng)ey sionlangins @ping acid gsidye fremthe sames 1979,

704;
B s ek e Pl JO2RSFm SR, M S TN B MERE 100

U. S. Patent Ncres@@s g0y 9%11115@06 mumdam:tmufucmcmg@aptedﬁ m:céseatry,ttbec}he&t ceI | s.

Any of these nedia m ) Iemen nec a h hor nes_an
b or oot 1B i di B SR B Mactted NG RERP Bintingf, b e sl
factor), salt sex(@uiehs,asleaOll Sh&hlisigle fche%'tl%d—j'r@e Mg@&ﬁﬁlﬂ@bftﬁé‘danable
phosphate), buffers (such as HEPES), nucl eoti des %such as adenosi ne and

t hym di ne), ardanisinsiiol de coupthecas abERNTMEQRINCE nﬁltltﬁor siodlagtyenent s (defi ned
as i norganic_comboungs, HUaLl BT EARDRRbat LRk, SRSSRLEALANS i the

m cronol ar range) or “an equi VA energy S ot her

necessary supphelerilé slangy taths Qarest anﬁbbdyde detalﬁmﬁélp rpiotat osQigeftay at i ons
that woul d be known to those skilled_in the art. The culture conditions,
such as t enper8Y@lyedetgpunigg theiipding af*ém%%r@/qrm}%blﬁmﬂab@ﬁlwywa@%@ew. th the

host cell sel egtigdyf gf ag%e%rﬁeasamdm?ea@om VR APRRLR Bférﬁb&gﬁa%ﬂesﬁga“ ly

skilled artisan. en usi ng reconbi nant techni qués, e ant | y can
produced i nt r goepared ad|syreened fofrtancpeg afffinag fr chesqpaigen oroarfraynreacﬁllemoﬁ doticet ed

into the nedium e i S ced,intracellularl s a first
step, the par t‘?rélﬂﬂr%\f’ég‘ﬁ@%ﬂiogy eﬁ’i?&? oY Hhisyjiti feﬁﬁﬁféﬁéﬁ%%ypmzmm WO
ATTORNEY DOCKETbjdded &Phé4r Q}%thgﬂhbl%gigﬁl A BB hs&BE kSeonkigm figfoved, for
exanpl e, by centrifugation or ultrafiltration. Were the antibody is

secreted into thaantibedy myangaipeithenharmed binding afliity asx ndesssisofl. sysstfens ar e
generally firs ted using a commercially available protein
concentration ?ﬁq@e&gﬁﬂl§%§% exanpl e, an Amicon or MIIlipore Pellicon

ultrafiltration uniThe aﬂulﬁfd@tnﬁazﬁﬁ(s) sth¥elicicd inaybe RulsisciRMoHuttiey ndificatgbnsded in

any of the for ef%g‘glr?l (?epf:ndS ing on the intended use of the antibody. Such modifications may
involve further alteration of the amino acid sequence, fusion to heterologous
polypeptide(s) and/or covalent modifications such as those elaborated below. With
respect to amino acid sequence alterations, exemplary modifications are elaborated
above. For example, any cysteine residue not involved in maintaining the proper
conformation of the antibody mutant also may be substituted, generally with serine, to
improve the oxidative stability of the molecule and prevent aberrant cross linking.
Conversely, cysteine bond(s) may be added to the antibody to improve its stability
(particularly where the antibody is an antibody fragment such as an Fv fragment).
Another type of amino acid mutant has an altcred glycosylation pattern. This may be
achieved by deleting one or more carbohydrate moieties found in the antibody, and/or
adding one or more glycosylation sites that are not present in the antibody.
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
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
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inhibit proteolysis and antibiotics may be included to prevent the growth
of adventitious contam nants. The anti body conposition prepared fromthe
cells carwbaopmmszmed using, for exanple, hydroxylapati PeTalscanmasigs aphy,

gel el ectroph ﬁ"l?kﬁlv N@Eyﬁ 67lﬁr1gjoaff| nity chronatography. The suitability

of protein A agr@kng ]5(;& ]yr g@@, dosRHNds on the species and isotype of
any i munogl obulin Fc domain that is present in the antibody. Protein A can

be used to puratteghnagnt P%@EF%@O}@W&W meEhhiadeciasparaginpide ghain. Thyp, they g4 heavy
chains (Lind

recommended f rgse ‘f (ﬁn%g}slgﬁfsﬂc??yg L:p UCM(}%‘J %l&ak&agép?\g%éga@ 9?&%&1 NBO J.
5:1567- 1575, gl%@jlahoﬂ”ﬁﬁen@tlnnloedgb/ca\dylamlhntdrfasadmqelaitztcﬂmﬂehgﬁ“nﬂe bfthattigehed i s
nost often agarose ut ot her trices are avail abl e. 8han| cally st abl e
Tt ces such XEoG %C&S%@%%?@Oéwwla?e By oryABRe ardi HYT FoRALBRe al | ow
for faster fl r ved

W t h agarose. %%V&lgf%ﬁtﬁrﬁgﬁg%ﬁh%ﬁ Scl%rr%(%?’g?éﬂg&s mg%]}gﬁ&?%eé}%a@%nd
ABX(tm resin f(xd]dltlm Of%)Keﬁylati@hmitbs toshaamgibodyJiy corvenisetludcchoplighed by i cat i on.

QO her techni ques . O{h protein urlf ica t@n tsuch as fracti OOE!%L Qn.on an

i onexchange collGHAE PEAREIFI, e@'é(fnﬁff i1 10 RRiGIS OB PRI ofBje@bove-

chr omat ogr aphydegdibsil brigeptidecdat e Q@i ik<d: iAo sREFHAROBR 4B may
chromat ography on an anion or cation exchange resin (such as a polyaspartic
aci d col umm), “#serbsheads oy dhesiddigionshspadpstituing baraps o merswrinaeethipeaitE pi at i on
are al so avai l e of

i bi tor o of TEGrsh BE Se Bkl AN WARRY, 1D B ACE RV IRt

descri bed herein, gxidh mcdmlblhhitﬁ)ﬁfcﬁlcﬂlcdﬂliﬂlilftlbedleﬂr characterized in the

screeni ng assays descri bed, herei the parti cuI ar. inhibitors
descri bed above) ciit‘?r &R ’é‘amim(’(];r‘é‘{l%ﬁ{sanfa&‘ ht Br<'§ih8cid eRfodmedke axon

degener at ' On aﬁﬂ@odgqpisgla&@"aﬁd MsBrted iRRF SEMi@bIUS LM for ﬁﬂ“thtepﬂoﬁlﬁg rapy of, for
exaerl e, di sorders of the nervous SySt em (e , nheur oaegener ative

di seas es) ( i iGrmplofcditivn ofihe GNAe forexpragen. ANA éncoldmg tENEoRERERENCE:

PR4267R1- WO ATT Y ET ) d t
i aaaa Loty Yo Rt 0 ey e e fo e e ke g B ne” 1 ©
nervous syst emisingioliggmicRiotidd EB8bésahdthe: APEBIOUSHIEYSE SFEcTRUISHEE daNesP hysi cal,

encoding the heavy and light chains of the antibody). Many vectors are available.

The vector components generally include, but are not limited to, one or more of the
following: a signal sequence, an origin of replication, one or more marker genes, an
enhancer element, a promoter, and a transcription termination sequence (e.g., as
described in U.S. Patent No. 5,534,615, which is specifically incorporated herein by
reference).

Suitable host cells for cloning or expressing the DNA in the vectors herein are
the prokaryote, yeast, or higher eukaryote cells described above. Suitable prokaryotes
for this purpose include eubacteria, such as Gram-negative or Gram-positive
organisms, for example, Enterobacteriaceae such as Escherichia, e.g., E. coli,
Enterobacter, Erwinia, Klebsiella, Proteus, Salmonella, e.g., Salmonella typhimurium,
Serrafia, e.g., Serratia marcescans, and Shigella, as well as Bacilli such as B. subtilis
and B. licheniformis (e.g., B. licheniformis 41P disclosed in DD 266,710),
Pseudomonas such as P. aeruginosa, and Streptomyces. One exemplary E. coli
cloning host is E. coli 294 (ATCC 31,446), although other strains such as E. coli B, E.
coli X 1776 (ATCC 31,537), and E. coli W3110 (ATCC 27,325) are suitable. These
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mechani cal, or chem cal trauma, (iv) pain, (v) ocular-related

neur odegeneration, (vi) nmenory loss, and (vii) psychiatric disorders.

Non- IlnluNOQOHME&pbes of sone of these di seases, conditipomA[S2@@61783 uri es
are provided bf;é; | pRdriNeYr odegener ati ve di seases and conditions
that can be premeit ﬁqgg-; 7aRSRGH Ng to the invention include

anmyot rophi c | ateral scler05|s (ALS), trigem nal neural gia, glossopharyngea
neural gi a, Beﬁﬁﬂ@PP&W§ymﬁﬁﬂﬂﬁ%@Wfﬁﬂghﬁmmg; muscul ar dyst rophy, progre55|ve
ot oo o b ARG LA SLHaRCLALABHE b b wuBPR AR BR A EY
progressive bul bar muscular atro progressive

pal sy, inheri t)@dstmesmuht&e clahmgmhyxpressmmbabfc&taﬁn@hdslensqmﬁgm&ﬁs (e. g

herni ated, rup ured and prol apsed di sk, syndrones), cervi cal spondyI05|s

pl exus di sor de¥SChY HBYAE FREBTESOF COREPR hiker, Sreast; ﬁ%jﬁhe MSSt CoREReThRRTe
neur opat hi es, d?ﬁ&l@h&%r%uké&&tﬂ: %@Q{Hic}do\f&nﬁs%a'}fo%%v a %ﬁ%'o@%‘&g?%&%ﬁease

Hunti ngton's di sease, Parkinson's di sease, Parkinson' s- eases
(e.g., multi pIS@etsgﬂsamtalms@pﬁmomrpcprdgamlsblvenéuwﬂdﬂnmlremchplal sy, and

corticobasal ener a wth L es r

denenti a, dens"%%fzﬁ“‘élff 'H}df %éé}aemnéﬁ?si fsﬁ” ?Sr%gs{fo}(} %S
mul tiple scler@gicg)12 anmqtu@éwcuﬁmm |116 du eRSRick&Mhii (Aree MQQW Kas
Hereditary Mdtor and Sensory Neuropat hy , Hereditary Sensofi notor

Neur opat hy ( HSKM (Adief Fo? eﬁldrméléfmm (AtT F3:906).0F. itbarmdioderanse afdeK . |

Creut zfel dt-J i rome (GSS),
f at ;I famli a%@??glﬁ%?%%ﬁ@ﬁ ag%b%%\g g%tco)ﬁfg Eﬁg%dgﬁ eﬁﬁé]llag’pat hy ( BSE,
comonl y knowTragodaiacesiciFPeag@pd); NeliekpsadrseaSehwapidmeasysucansd Al DS

dementi al conpl ex (al so known as H 'V demsntl a, HV encephal opat hy, and
HI V- associ at edgcg\éfﬂ%‘f’i%)es Oeﬂ‘F@”ﬁ’é‘F*ﬂS‘Sﬁ Frenteys fimg) svghias - %:alﬂe‘%ﬁ)%?érabe used in

the preventi Omeﬁf&ﬂllﬁrﬁeﬁlgﬁdﬂadﬁim %ﬁeréﬁ’lh?ﬁ@s@'s dhEl ﬁﬁ) R | Ce 1Ny, %

rel ated di seases and conditi ons suc as gl aucons, ystro
retinitis pignentosajtaklggost eda1bsttedthnanmbarondnégé/neﬂywtedoamtlbme dgyhved Goecept or

degeneration as ed with t or, dr ot h t.in ener ation,

op'? ic nerve drr{@g llaj)dﬁf)f%‘?nﬁ’é]ﬁmﬁﬁﬁ?ﬂys %ﬂ@rg%eceﬁ%wﬁi? B%“Wﬁqﬁlsle?ﬁcteh

exanpl es of di Nhge@t bidiRASaldtraflsAHE OafuntsNAl c62&pBRIiRY ﬁh@ﬁ‘s%ﬁ*@l 1rQEct1116§3;at ed

according to the invention include primary aIgl aucona (a known as primry
iz

open-angl e gl &Gbofiam bepis swrhas Spederirigliegigrraadenapilleny ddee acdypl e gl auconm,
and gl aucorma S(hﬁ?&%),ﬂedgsv%bo}nét% (l}gosqulto), Drosophila melanogaster (fruitfly), and

Bombyx mori have been identified. A variety of viral strains for transfection are
publicly available, e.g., the L-1 variant of Autographa californica NPV and the Bm-5
strain of Bombyx mori NPV, and such viruses may be used as the virus herein
according to the present invention, particularly for transfection of Spodoptera
Jrugiperda cells. Plant cell cultures of cotton, corn, potato, soybean, petunia, tomato,
and tobacco can also be utilized as hosts.

However, interest has been greatest in vertebrate cells, and propagation of
vertebrate cells in culture (tissue culture) has become a routine procedure. Examples
of useful mammalian host cell lines are monkey kidney CV1 line transformed by
SV40 (COS-7, ATCC CRL 1651); human embryonic kidney line (293 or 293 cells
subloned for growth in suspension culture, Graham et al., J. Gen. Virol. 36:59
(1977)); baby hamster kidney cells (BHK, ATCC CCTL. 10); Chinese hamster ovary
cells/-DHFR (CHO, Urlaub et al., Proc. Natl. Acad. Sci. U.S.A. 77:4216, 1980);
mouse sertoli cells (TM4, Mather, Biol. Reprod. 23:243-25, 1980); monkey kidney
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GINE REFERENCE: PR4267R1- WO ATTORNEY DOCKET NO. 50474/ 020WDX2 tension
gl aucoma, primary angle-closure glaucona (also known as primary closedangle
gl aucoma Woanrmmsangl e gl aucoma, pupil-block glaucoma, aou/seuwmcrONgestive

gl aucoma), ac(’jqj(t;‘[glFI I&‘N‘HEO 1gizg-ﬂgl‘%corra chroni c angl e-cl osure gl aucons,

intermttent GUsLIM0wWeY Oni ¢ open-angl e closure gl aucom,
pi gnentary gl auconm, exf aoliation glaucoma (al so known as gﬁeudoexf oli atl ve

gl aucoma or gI“&U%Eﬁ’Pé é‘\gﬁﬁﬁg¥89 ’é?/@l%?ﬂwf%?ybﬂda%@ﬂﬁ(\( g-76, Al Chm
congeni t al T8g-AN A}I&W&Al@arg n8ihG QI%) }%EZJ%(AW& Z%L{:%Rﬁgk{cﬁeyg d

mflanmatory auco g., uveitis an eteroc ro _
iridocycliti s)c)e J1s {ME@KQMC& gCaudprmtible.ret. livenodls éBRL GayAd (gl @GRE QA2 t h

et Pbbalb it A K e et el A I G o
subl uxat i on ofm&@e@mﬂ@uﬁmmomﬁwﬂr@d@@Eﬁ?menb héhage (e.g.,

hyphema and henol ytic glaucoma, al so known as erythroclastic gl aucoma),
traumati c gl aubome N & 4cad. %mg%é 4eiBe $2820rMB Cauedlvel S4 qelsirmnd pbumex essi on on
anterior cha he, postsurgical glaucoma, aphakic pupillary block, and
ciliary bl ocqug %tgcghn? (Ij?e e(tg)\ff)ascul ar glaucoma, drug-induced gl aucoma (e g.,

corticosteroi d i nduttcdlk aramxBfoanet Wt iha-ab by asérytRa leRp@s st Bohningt OXi €
gl aucoma, and gl aucoma associated with intraocul ar tunors, retinal

deat chment s, s&¢EFOEHEbPERPropstien apd culwéedelyéomafﬁaonaﬂ nurigntrogshia mogifisdp| es
of types of paa’sggﬁﬂaﬁﬁat@f’d? imfichn ?)%éﬁ&ﬁl@cs%fé SRrihs @%@?ﬁﬁlm fi h fhe

i nvention inclu ose assom w th ovm ng co chronic
pai n, fi bronyaegésancepngihk dpsa.ted seqanges] tunnel syndronme, pain from cancer,

arthritis, sciatic hea in fromsurgery, .muscle spasns, back
pai n, visceral pai ﬁrheﬂi‘ﬁ?tﬁ ‘i?ﬁ‘? fog?rﬂ‘fl‘i):e aHTél?ﬂdéﬁS%%r&%ﬁ mn%@mvapfg‘?namaﬁé%h as

neuogeni ¢ or nEWLHRA& M GidBPbfMmeddeT VEnnBlclA)ARLii01 rQédleFjQI'EHQ@Haﬁm P(}@l es,
herni ated disc, torn |iganment, and diabeteS. Certain di seases an

condi tions ha\ﬁﬁtgglamrMmrrlgl Estdnéiek Me@umii\/tféwﬁlgmhh Riréflvidd € (Siggiepand¢an | ead to

damge 0, SRYBHSTARHPL 04 R ST SRSSAR) DR BB o
neur opat hy andhoseiial igiadditian sl obthe niedia @s@mehen Hein@Delt, @%arh. GRRCEF44, Al DS,
NePAtILES: 1979, Bames ctal., Anal. Biochem. 102:255, 1980, U.S. Patent Nos. 4.767,704:

4,657,866, 4,927,762; 4,560,655; or 5,122,469; WO 90/03430; WO 87/00195; or U.S.

Patent No. Re. 30,985 may be used as culture media for the host cells. Any of these

media may be supplemented as necessary with hormones and/or other growth factors

(such as insulin, transferrin, or epidermal growth factor), salts (such as sodium

chloride, calcium, magnesium, and phosphate), buffers (such as HEPES), nucleotides

(such as adenosine and thymidine), antibiotics (such as GENTAMYCIN™), trace

elements (defined as inorganic compounds usually present at final concentrations in

the micromolar range), and glucose or an equivalent energy source. Any other

necessary supplements may also be included at appropriate concentrations that would

be known to those skilled in the art. The culture conditions, such as temperature, pH,

and the like, are those previously used with the host cell selected for expression, and

will be apparent to the ordinarily skilled artisan.

When using recombinant techniques, the antibody can be produced
intracellularly, in the periplasmic space, or directly secreted into the medium. If the

antibody is produced intracellularly, as a first step, the particulate debris, either host
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ki dney dysfunction, Colorado tick fever, diphtheria, HV infection,

| eprosy, |yne disease, polyarteritis nodosa, rheumatoid arthritis,

sar coi doswe,20/m@sgeen syndrone, syphilis, system c | upusPergushemmsosus, and
anyl oi dosi s. f%&%ﬁ‘ EIMNCEPNERERERENCE:  PR4267R1- WO ATTORNEY DOCKET NO

50474/ 020W22 | gy Y shexiPRoBiResswed the invention can be used in the

treatment of nerve damage, .such as peripheral neuropathy, which is caused
by exposure t o®HBRY bselsitPoinisaoved pnrapmplenensapiriagation of uligfilrafiemd, y
arsenic, and r g ' : u | udi ng
chenot her apeutrrlwgl gﬂaégtpéﬁ)r\%@ggcg’. lggé&%/tlgdngllrml %tg iln}r%gﬂltg?iéu}ge?%ap :ﬁ fli%? ,Sg‘glaemgj{?]E)erslgel,8Ill H VvV
medi cat i ons ( esygtems Ziedpuerdilynfrst Eindamasidneing Stcamutirdidly aalldblé pdotene,

Rit ir, d A avir), .chol esterol | oweri drugs (e.g.,. Lovastatin,
A L Ry bl o okRl o bl oo
Ani odar one, Hyflnahasgk HibilBesexs bm)maﬁkqn&fﬁaécﬂﬁlagﬁéﬂhsfméf nd BiJigsls of

the invention can also be used to treat  injury to the nervous System caused
by physical, nebibdmraedlysiomdenhtbidtiel mayindndethopreveiighegohddst can be used
in the treat msrb%erﬁ eripheral nerve damage caused by physical injury

f.
(associ ated wit ‘é‘."g??" VRS wounds, surgery, and accidents), ischem a,

prol onged exposur e The ag@bdllylcempediadiifiepdral Som the @HE cd BeSurifidd u¥iBy, lfodS
damage to the central nervous systemdue to, e.g., stroke or intracranial

henor r hage (sUCHMRY: kealrewylapatisshivmategohy. slieleeiraphoresis, didyfivdad affinithe

o, For exanpl SroliigBall, TG BLBHRPLF SO 4ok SRR LB TRINA ol BR° 2"

af f ect ed by Iwéqiesaamd isdtype of neainathragdntin Agdémait et isrpt?a?tiiﬁl‘ihe dnibbdide

epi sodi ¢ nenory, semantjc nory, shgrt-term nmenory, an ong-term nmenory.
Egarrpl es of di%@%‘??eg%% lbggﬁéﬂ ft"‘%g}ﬁ%m_ dise fhat &g dtedion R ¥ 11165 TAKRBh can
be treated accynml MndRarkREaRUCHBAInN WERTN] 311983 U fliscogni tive

i mpai rment, Al zheiner's disease, Parkinson's disease, Huntington's disease,
chenot her apy, rstangmended forelenovangotypesamdtiochunrzaiyd (Gngsiat yl.,(BBO,J. 5:1567-

of psyahi at i o apoaPbr et R Pt Ahiiedt ARt PenPac G 08 onal
di sorder, schibuoathte@htive are available. Mechanically stable matrices 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
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di sorder, schizopheniform shared psychotic di sorder, psychosis paranoid
personal ity disorder, schizoid personality disorder, borderline personality
di sor der ,wanbig/Esabal personality disorder, narcissisti ®@Cparss@nabi’sy

di sorder, obsegsgy ¥bi L shefliwgr der, delirium denentia, nood

di sorders, bip ﬁRﬁgﬁ%m epia5sivsy Stress disorder, panic disorder,
agor aphobi a, soci al phobia, post-traumatic stress disorder, anxiety

di sorder, and FY0 BE ey ddisgasescqnditign, orthapydisimea primarneliesyi cal

ganbl i ng, pyro ! i ks I I FRE o
Lio67Re. v nader b bt OTRE pste terioy SR phvieat
met hods descr i hedhambdyer, chteahtedunegd §vpfaid, lfe) denlaendlatednaanicpenersied, tvO t r eat
nerves ex vivo, which may be hel pful .in the context of nerve graf or
nerve transpl affEory s%nyd_é@ WA S%Sgrda@sé}%pﬂ@&tlﬂ%?ww?f‘é syge a_ﬁéfﬁﬂ as
component s of gGiitatdd! @nARDhS ah@njHRE altdprEUbddBdfg nerve cells in vitro.
Therapeutic formul ations of the inhibitors described herein are prepared

for storage by m xilxgmpies of n¢rirgdegencrqtive discasss anvadonditioheidat @n de pavered | body)

havi ng the desir egree o urity. w.t tional,. si,ol ogi cal

accept abl e carorritlge(rgts?,g a%)?(r:c?uﬁ% {é)ntﬁesfnv %logtlgcg?(?epa?éypgo?}gg@er@.S&@g”ﬁ?ﬁ%bt on's
Phar maceut i cal ripeihecsrddidtdlosestihhtyapdal n@dalgid, BEEH PAEY myhSBéhia MAGK,

Publ i shing Co., Easton, PA), in the formof |yophilized cake or aqueous
sol utions. AccBptcalsr dysgphy, erogresgixe mysinr gtroplly, BRmwY latgrel sslegests bMoxi ¢ to
reci pients at ﬁ'g]iﬁ“% :a@g ] LN C I ude

buf fers such ssgﬁ?gg% es, " Cl rgﬁe%gt?\agbg’? %EPI%%Q%?@I %tgffﬁgga;ﬁgg{% 4|§§J>?i dant s
i ncl udi ng ascondbae palsy, dpheBidd, mandaBiibphy, duvenobreediskrsywdrogibs (e(d. degiitb@n
about 10 residues) pol ypeptides; proteins, such as serum al bum n, gelatin
or i munogl obLﬂuPW£‘§d’ ﬂ}g)égﬁlﬁ eHidl,Skﬁg‘?‘gWﬁ?% ‘?Wd?f&é@“ﬂﬁP?&iW“ﬁQPP@FﬁSdone,

am no aci ds sugbadg offist AefifictiS HndHhRRS, peRPRAAIFRLABathRE ProPIBRa, (Riid | YSI ne;
nonosacchari des, disaccharides, "and other” carbohydrates i'ncluding gl ucose,
mannose, or desegRitiyg impaaieat. ivlghetgryin disegsec huagndEmif fissagdarkahsoolsol s such as

manni tol or sotbitol; ,salt-formng counter-.ions suc S sodi um and/ or
noni oni ¢ surfacé “an is)arghnéﬁn %fgﬁlf%g%,es ‘%T%ﬁlflgg,by%ﬁzmﬁgﬁehyr RRFSPY ST s to be
used for in vispraatdleanipslky,ahd osrtioatebal Megebatibh)edervdiitie viarwedoaehi eved by

filtration through sterile filtration nenbranes, prior to or follow ng
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-Straussler-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-related 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

b

chronic open-angle glaucoma, chronic simple glaucoma, and glaucoma simplex), low-
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| yophi l'i zati on and reconstitution. Therapeutic conpositions may be placed
into a container having a sterile access port, for exanple, an intravenous
sol uti on wagomyo4gi4al havi ng a stopper pierceable by a hppodseemwosei’a ecti on

needl e. The i N PREAENeR PRBeRR QN2 |y combined with or adninistered in
concert with g KR Ocq&ﬁ(ﬁgﬁﬂmm known to be useful in the treatnent

of the relevant disease or condition. Thus, in the treatnent of ALS, for
exanpl e, i nhi BFISHINSSIRUSATBTHIRTY AREe-eloaye Blaueamiialsaknown ot prmawy (cleset-e

(Rilutek), m %ﬁ%@léu@&na,iﬂﬁﬁmvia%%fg:gga%c?rﬁgﬁ%gﬂjb?&kg[au%?xﬁ%g(ydé te G é]s?lé/e

met hyl cobal am n.” I'n another exa treatne ar ki ns
di sease, i nhi hildwpmayg acutbanghdibnirs glen@dhanetirbnit anigpalosue ghintsga,agoni st s

(e.g., bronocr.iptine, pergolide ram pexol e, ropinjrole, cabergoline,

aponor phi ne, dR ”’il‘iﬁg?frai?‘alé)"?osaﬁp%a %‘B&r"g{ﬁ{% YEB-PH{HC S‘t‘rﬁrg?“E%m@., | evodopa,

benser azi de, 3gn FREEENCE foRE A Ao (Ao TR Yas LBk iR ve 04 74/ 020W02
e

car bi dopa), and/or B inhibitors .g., selegiline and rasagiline). In a
further exanplgaucpmaphglapgogrtospslare)f denclopmientel glsucdiredeage primatyidonganitsl can be

adm ni stered wi,th acetyl cholinesterase inhibjtors (e.qg., donepezil
o o, ioR6 Shd iniield ARELEAES& R Hahdiute b %, TR oo
menant i ne). The.gGandiinaid Michd Resragr@sicGAdody MR Phaofeil Jlarbmale.gequent i al

adm ni stration, by the same or different routes, as determ ned to be
appropri at e byngisdesursiglaepmp with maere gptaractr peacpanpphlpcsis ghiusems prepudies

phar maceuti cal COm kil LES: ' ' ] descri bed
herein. In ad ?tl ongt% icc)fe'%l ﬁgﬁé@%hﬁﬁlﬁﬁgﬁﬁgﬁggg%%g{/ﬁg%&%{lhglg%"gbﬁ%i nations

i ncl uded i n t Héodkageatd cubluaakorcafittrishatduonsaa efconday toi ihwdcsulaf hahogeiaee at i on of
di fferent neuronal region Thus, the invention includes conbinatjons of
agents that (i it _ %@B@H@V&‘E glavrogie- fikipstr s neerlagisdaucama): (i i)
inhibit axon dRYRAAE ghb@ha B3, 486 tdbEHnfLRGE, REHAME rdebBiRihAnE i?nf GSK
and transcription were found to prevent degeneration of neuron cer bodi es,
whi | e i nhi bi t chambdr apgiERosisurgr3BelviPriapapbekin pupileryidockt andreilgiry bledns. Thus,

the invention jncludes conb'la?a r EGER (and/ or

i f i.nhi bit f GSK d
e MR o RLRE Rk IRl ek @R, HushiPicRl RISIE (o7 BRI or 050

MAPK) , and funhdieed glatdvintiainid Qipha-@hyrhéthipbinte®iuso@h), i) glhRUed glaucoma
zi pper - beari ng ki nase _%K), %B/cogen synt hase ki nase 3b (GSK3b), p38 MAPK,
EGFF, phosphoidiwsiasdadiinniageykae tyomrs gytinabdeaichmenis penere ghendicd dyens®f thedk 5) |

adenyl yl cycl ae§,g,,angmlsu‘{tlroi§h};_er m nal

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

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 peripheral
neuropathy and neuralgia caused by, for example, diabetes, cancer, AIDS, hepatitis,
kidney dysfunction, Colorado tick fever, diphtheria, HIV infection, leprosy, lyme
disease, polyarteritis nodosa, rheumatoid arthritis, sarcoidosis, Sjogren syndrome,

syphilis, systemic lupus erythematosus, and amyloidosis.
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ki nase (JNK), BCL2-associated X protein (Bax), |In channel,
cal ci um cal nodul i ndependent protein kinase kinase (CaMKK), a G protein, a
G pr ot ei woaoplmasdpecept or, transcription factor 4 (TCFeCT/tsae9verat eni n.

J S

The i nhi bi t or SpSEgd e Qi.nations can be any of those descri bed
herein, or ot ﬁ%ﬁfﬁ%ﬁ%ﬂ ._sbnggﬁm;@r gets. The route of adm nistration

of the inhibitors is selected in accordance with known nethods, e.g.,

i nj ection or infusiBAddon. Hemeteodsd the inyeniipe ean beised in the ireaimentas pgive

i ntranuscul ar, 4, . A At i Qr: | j es, topical
adm ni strati onqah%%&%g%gegﬂﬁ%% n?gﬁogﬁé%%hﬁg{lgﬁéﬁ Sé@”g%l g?‘lﬁ Eg{jt%gltgl ow. For

i ntracerebral asmoutdseincloding hoaly matas beg. aldad, aisstieraad neontry)rind astuytriay
infusion into the fluid reservoirs, of the CNS, althougeh bal us injection may

be accept abl e. 5B %HY%%SWS&%“% %{Hmome&pé‘ﬂt@cﬁg@ﬁf EhENEHRT P es of
the brain or QtiWt%%ﬁpéoﬂ&,r}ﬁd’%&ﬁcdﬁ@ﬁﬂet 167 6Nk, BREARne! SiTtine,

Adm ni stration can be perfornmed by use of an indwelling catheter and a
cont i nuous adrdaldigbmat Rigmavisand Aguprenaa®d), ghglastprol lowering daps (e ddwastitay, er ed
by inplantatiaon, e.d,, kRtracer al inplantation of aJ I. JUN I. E
REFERENCE: - PRastertir e bR T bty Wt Wb esdisulrelge Amiedi b ease
vehicl e. Mr e Bpkghdihe Reihyxilihd)eaddMedddi@z6lecan be injected through
chronical ly inplanted cannulas or chronically infused with the help of
osnotic m ni punps. TBawetods ebihs ipighiien wnalsqpsivpeip dreptipindieltherarvasot ei ns
t hrough a smal I [ Vi @ i | sticated
punps can be rgg?t%l?illag%g?tﬁgg{%ﬁcaf g%gc??éﬁl’gggﬁ {rﬂgélﬁﬁgrglﬁ!i ggésyyth?%?egﬁ Oggﬁg e set
Wi t hout sur gi d&lusedinghe/eetmanrt.of prghptabserod dantge abhsed &y physical ihaly on

rotocols and delivery.syste i nvol yi ng a suhcutaneous punp devi ce or
(F:) onti nuous i nt(F&aSB‘B?tE%%'b'geeng'r g‘gﬂ?> é{‘fouf“xsﬁ ﬁ‘ggﬁ"ﬁ’ PH PEUES, GeRId PrIloRsEdnt ed

drug deliver Y_&?%%%Bﬁl ERAPSEuHSE Y., i1R6:-5iRg, AWINNE Bhhald (@ heQenigpam ne,
dopam ne agoni sts, and chol i nergic agonists to Al zheinmer's disease patients
and ani mal nodehwus systeRadue tnsom; sroli¢ seiatresrarisl tewohadeddudhys eerelraligh, J
Neural Transm es%gﬁl .6)24: 271, 1987; and DeYebenes et al., Myv. D sord.
2:143, 1987. élwmta s ‘exanpl es of sustained release preparations include
sem per meabl e pol yIFRfthéRihe ntetifods Bf thB envieatich @h bSs hasad tRY fréeh86n oe. 9., fil s
or mcrocapsul es. Sustained release natrices include polyesters, hydrogels,
pol yl acti des (t{g_a@}enpaﬁlgﬁpowdgss such as, for example, age-related memory loss. Types of

memory that can be affected by loss, and thus treated according to the invention,

include episodic memory, semantic memory, short-term memory, and long-term
memory. Examples of diseases and conditions associated with memory loss, which
can be treated according to the present invention, include mild cognitive impairment,
Alzheimer’s disease, Parkinson’s disease, Huntington’s disecase, chemotherapy, stress,
stroke, and traumatic brain injury (e.g., concussion).

The methods of the invention can also be used in the treatment of psychiatric
disorders including, for example, schizophrenia, delusional disorder, schizoaffective
disorder, schizopheniform, shared psychotic disorder, psychosis, paranoid personality
disorder, schizoid personality disorder, borderline personality disorder, anti-social
personality disorder, narcissistic personality disorder, obsessive-compulsive disorder,
delirium, dementia, mood disorders, bipolar disorder, depression, stress disorder,
panic disorder, agoraphobia, social phobia, post-traumatic stress disorder, anxiety
disorder, and impulse control disorders (e.g., kleptomania, pathological gambling,

pyromania, and trichotillomania).
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3,773,919; EP 58,481), copolymers of L-glutamc acid and gama
ethyl-L-glutamate (Sidman et al., Biopolyners 22:547, 1983), poly
(2- hydroxxyetzbyJI/M&qt;hacryl ate) (Langer et al., J. Bi onedPCVHIS2609/0R33

R RENRE D 4'5@3: 2:98, 1982), ethylene vinyl acetate
NO.

15: 167, 1981; & W
(Langer, et alaprdiey BC fradzowdpydroxybutyric acid (EP 133, 988A).
i )

Sust ai ned rel ease conpqsitions, al.so include |iposomally ent raf)tged

conmpounds, whi ch cdh2tBtn s B madbedioisscritisd aboysethe isthodpet @Fn et al . |

Proc. Natl. AGafni9hkan B i 3868 ex L2 wh t in b | .
Acad. ScL U.S.A. n71§:&4a6130,1§(i 8°ot?e%u.ﬁg.5 Patent WNotésﬂ.Hi%,b%ﬁ?’lS%énar?%gﬂt?lé%f, 545;
and EP 102, 324&)ve goxith araeivie yrangphantd. i hos,achesbibitersafesdribed berainlcaf Bdosetul 200- 800

Angstrons) unil anel ar e in which the. lipid content is greater than about
20%oml 5 ot dCapppents(E Sulufte BEIR ot i tRnG SN Call bt f o ¢ ha

optimal therapy. Arhefah8gic ¥@mANRIARLS @f ifibifed &%&i&@%&%e?&p%d%' oyed
therapeutically will depend, for exanple, upon the therapeutic objectives,

the route of &gy ytmixitigdhe inhibdtor Gucheasrsdiallingriequie arag apiahddghbavingdber di ngl y,

it will be necgssary for.the therapis o.titer. the age. and nodify the
route of adm nﬂéglfe?da ot Oggur%e%dwl roé’go?atcl) P %t‘oé?%“\llﬁéw%eﬁ?ai%%aﬁ%"feﬁseF’é%%lﬁ‘?tis’c

ef fect. A typicalabiliaér Ysedas@JRer¥ingloh’ srTrhaGackitda Sdid@ice£M8MBligonabowt. 1 nmy/ kg
to up to 100 ng/ kg or nore (e.qg.,. about 1 ng/kg to 1 ng/kg, about 1 ng/kg
to about 5 ng/¥GnAgHHIAY: Maﬁﬂg}"klgwb@gf@-ar%ﬁ%, Apithe Brmgl kxpphibizedhenlie 02 00GNE

REFERENCE: PR = T %%!’1:71 % . 204 %% . about 50
ng/ kg to abou%ﬁ%@%%ﬁ%ﬁ -akbo t\gio ﬁg%[l?ggpgﬁgb%ﬁa%ég ng%&é t%ut 100
mg/ kg to aboutredfiontgl thgdosapes amb cunce RO omg kgloyal, atbern iAQOdempie) such

dependi ng on the factors nentioned abave. Typically, the clinician wll
adlron' ni st gr an aﬁé’{‘?s\PBatF’rfﬁtiraﬁ?’taB?l ofhqt preanie G‘Bgséﬁgﬁqxé al“éé%ﬂ'é‘ﬁ“% PeProIeifh t s in

| nprovenent | IBIOA, andBHTHBbY Yol &l wiaht Q8ks Man BHQ 107cRIS) RYYPRpRIS. of the
treated di sease or condition. The progress of this therapy i's easily

moni t ored by daeivi@ptsieingd seassalyeminQadator ompmainaglebilingr yvrapddichpetysians may be
adm ni stered tgogether or.at different tines,(e.g., one agent is .

admi ni st er ed psfligﬂoérs p[ogyv ThY y&&ﬁ‘ld?\l}es PP agigs 5¥Ch§ias %gfgglﬁ’ogq‘é@@ﬁ}e) PPORe™or nore
agent may be asifhine Sk ¢ysd; inonesasdiafi@s! dibwtingided, hbh@6@at catehdraQy 88 hidthed.
one agent may be adm nistered orally, while a second agent is adm nistered
vi a i ntranmusc @SS A12BRIF N dsxtringrohalabrangeyts sudres FEQT vorearalgehels sl ae

adm ni st ered Wit&lﬁﬁtsogbﬁgl; Qaﬁﬁfo%ing counter-ions such as sodium; and/or nonionic

surfactants such as Tween, Pluronics, or PEG.

Inhibitors to be used for in vivo administration must be sterile, which can be
achieved by filtration through sterile filtration membranes, prior to or following
lyophilization and reconstitution. Therapeutic compositions may be placed into a
container having a sterile access port, for example, an intravenous solution bag or vial
having a stopper pierceable by a hypodermic injection needle.

The inhibitors can be optionally combined with or administered in concert
with each other or other agents known to be useful in the treatment of the relevant
disease or condition. Thus, in the treatment of ALS, for example, inhibitors can be
administered in combination with Riluzole (Rilutek), minocycline, insulin-like growth
factor 1 (IGF-1), and/or methylcobalamin. In another example, in the treatment of
Parkinson’s disease, inhibitors can be administered with L-dopa, dopamine agonists
(e.g., bromocriptine, pergolide, pramipexole, ropinirole, cabergoline, apomorphine,

and lisuride), dopa decarboxylase inhibitors (e.g., levodopa, benserazide, and
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nore agent has a pharnmacol ogic effect in a subject at the sane tine.
Alternatively, one or nore agent may be adm ni stered, such that the
phar macolwgizeslo4sati vity of the first adm nistered agentPClrﬂlseoopmﬁHds pri or

t he adm ni stra@N}@ﬂEﬁRm Pre2BRI8vS§econdarily adm nistered agents (e.g., 1,
2, 3, or 4 secCcOriBNEYWOEERTWG.se6478d09@Nt S). Anti bodies of the invention

e B e R A T UM T e 0 I AR R el
i ntranasal , aﬂé;(am'pfe gasé HeAmbRIof h@ﬂféimerrs%e%nfnmﬂlt@{'sr(ﬁh &8 L@RRkstered with

adm ni st rat| on. Parenteral infusions include intranuscular, |ntravenous,
i ntraarteri al ,acetilchalyesicrasnmhibitom{e.gs dbmpt:ahg@lastamdm mMMgmne) dnd/or

addition, anti n adm ni stered by. pul se in artlcularly
with declinin ﬁ@é%%ecg?%rtaﬁgagg?msE%’%Iyme%%tf’?{?b SR “& StCQLIE)I e route,
e.g., by injechi@fsconstugdnt aﬁsdqﬁérﬁﬁyﬁiﬁﬂﬁi%trﬁ[onsﬂ}bﬁl@%ﬁﬂ@%ffbﬂéhﬁ%ﬁﬂe@'31§

depending in part on whether the admnistration is brief or chronic. The

| ocation of t HstesmngH rgbe equmna@fbyéhosa@f plaB éry thg getd Tie invietidnrpjserinéladescan be
hee bt by o AR e R SRAL A AN AT FOR 2] 0o fa hZEM | DOTY-

When the bindi'ng target 1san in race Cert 8di ment s
of the invention prlﬂuddzleOrf wrthd &Iﬁnlﬁﬁﬁtiob@d()te@ﬁbo&atdtmI&Oﬂﬁbiihdll(ﬁg ufldh&xgtmrmt
thereof to be jntroduced intq the ceIngvahere the binding target is |ocated.

In one enbodi MBHIRYEHIPNAR FOARRLSRS ehiBhibHrs B fiegsneratipngd diffssend dgwgnal
intracel lular |r¥%1@§s arhub Nhé ﬁb&gﬁbn ild¥&aek easrﬁb;hhﬁﬁn@m%%m i3 Pﬁ’m herein,

refers to an antibody or antigen-binding portion thereo IS expressed
i ntracel | ul ar |dggensebtiohaf thesicerapabll bodyf arsk(liie othibredxpn chuﬂenagort oAadetsamhyadt

nol ecul e, asPAT E REEERENCE. . PR4 67R1 WO ATTORNEY DOCK

50474/ 0202 §E%ib%8’ f"ﬁ W%&FS OSFCBSIF H AR IRtgp vere tpuid E’é’fe‘f%dﬁge%?ﬂoélr mann,
Met hods 34: 163%f ndidn cAPBHiesUniile Mafbabts INEEFROandQA 8 SARPR DL vEntIR Bentiadion U. S.
Pat ent Appl i catl on Publication No. 2003/0104402, and PCT Publication No.

03/ 077945. | nt¥agenst Uiy, thadpyension iluges egmbipationb efiphibiorsiof E8KeandEOFR
ot o g 2 Eh IR MEDR) 2B FafERL A S AR EOFRAMY S5PED! 1 N

portion there Ki ng sequence an secre ory S|gnals
normal |y assodviaPiy, arwdtfﬂrrt}teheorglanmoem oﬁﬁihrbgotsh)aﬂuamémbﬁ(iyppef-b@ﬁhg grBasdi ndi ng
fragment) int O a t)agrl}(‘;]ceotgenc g}flnlthasepi?lylasgt3%r%gglr<gﬁ)n%g€ I\/FAPIE EGFF, phosphoinositide
3-kinase (P13K), cyclin-dependent kinase 5 (cdk5), adenylyl cyclase, c-Jun N-terminal
kinase (JNK), BCL2-associated X protein (Bax), In channel, calcium/calmodulin-
dependent protein kinase kinase (CaMKK), a G-protein, a G-protein coupled receptor,
transcription factor 4 (TCF4), and p-catenin. The inhibitors used in these
combinations can be any of those described herein, or other inhibitors of these targets.
The route of administration of the inhibitors is selected in accordance with
known methods, e.g., injection or infusion by intravenous, intraperitoneal,
intracerebral, intramuscular, intraocular, intraarterial or intralesional routes, topical
administration, or by sustained release systems as described below.
For intracerebral use, the compounds can be administered continuously by
infusion into the fluid reservoirs of the CNS, although bolus injection may be
acceptable. The inhibitors can be administered into the ventricles of the brain or
otherwise introduced into the CNS or spinal fluid. Administration can be performed

by use of an indwelling catheter and a continuous administration means such as a

pump, or it can be administered by implantation, e.g., intracerebral implantation of a
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i ntroducing nucleic acids into a cell may be used, including, but not
limted to, mcroinjection, ballistic injection, electroporation, calcium
phosphat ewpmmi/ggsétﬁaii on, |iposones, and transfecti on w PRTSREOMEI7aS

adenoviral, adgiiprassaNcat BMdAboand vaccinia vectors carrying the

nucl ei ¢ aci d of rdENER ek F NG ¥9iBsovRsd0di ment , internalizing antibodies
are provided. Ant]bodi es can possess certain characteristics that enhance

delivery of antPBbgi-adesspiehigle) More gecifighlypthe pphibifqraepntbs ipigeteddoughch
characteristic el =\ ' : i .art. For
exanpl e, cati6%??%%@2ﬁhg%ﬁggtgg??%gggﬁP@aﬁhggﬁs dﬁggggw@?éggggggguptake
into cells (sesinipmgs, SubdstanPaisgruinpblare &aildbk; BdiQelivérippatias throuph adimall

| i posonmes can al] so be used to deliver the antibody into cells. \Were
antibody frag rﬁ‘:‘l’ﬂt"g % cergtéfaf Vel gy o BIyPstGa ﬁéeﬁ‘ﬁlef‘ Hypugh
specifically bhadsnhfd thBe dbiveed A% ARWRLG v@fhoﬁ{’s%r%i@a{l L B RhE R ahFlcg6ner al I'y
advant ageous. For exanpl e, based upon the variabl e-regi on sequences of an
anti body, peptiutebleadrimisredorcpmiogels deddgjiveq sy$tems mabhing a fubcwivicbiit punt  bi nd
the target protein seqguence.. Such, pepti.des .can. be synthesized chem.cally
and/ or produce VH?OF3@%WB@§&WF“BNRqy%@ﬁﬂﬁ@&ﬁsm@gﬁg?x fﬂ??hmé?ﬁgﬁﬁdgF%al.,
Proc. Natl. Ac&fiver$eisterbar those Akd BBHhe 48AhistrhBEBdF ddpaining, @dpafimeigahiols,

pol ypeptides into target cells can be enhanced by nmethods known in the art.
For~ exanpl e, c¥fchplincstiopaomiststo Adiimerss disroseagionts vedlaimahmedels fpat or the
Ant ennapedi a %BR&%@&&M ot c‘?és{;}l?eﬁ% %ﬁilr au 19, AL 5% T;%%%.%qug)nf 211”% ,ke of
het er ol ogous proteins across ce [ enDr anes (see. e.gd., R-ét “al’., Proc.
Nat|. Acad. Sci987{sn8.DkYeB6éned 3248:, 4829DisdA0)143 VW8N, t he binding target is

| ocated in the brain, certain enbodinments of the jnvention provide for the
anti body or anti geré]“l‘.}?l?’}ﬁF?@nﬁ?%&ﬁ%ﬂﬁln?%r@}eéﬁprﬂ@f%m&%@Fg’ée pHRIPEHIS8ME br ai n

barri er . Cert aidh iR AARISIEE R HhRAARRRALE. ARRARIALEUuMD an | nor ease

in perneability of the blood-brain barrier, suc t he ody or
anti genFAl JN Jus@NEd REFERENCE:s PRUEAS PElYesnDs, ATTORNE Y oROCKESS (NCS. PFa®a7s020WR

o1 0od br ai nbart Feror Brar e r eabirer SRy bOF e pnDcheloma 1 or

transporting neldaeulcesl., BispBsndrs 22541 108H)Ngbly BUkyRGtyethyMink@ecryiaic) Physi cal
met hods, |i pid-based net hods, and rece?tor
(Langer et al., J. Biomed. Mater. Res. 15:167, 1981; Langer, Chem. Tech. 12:98,

1982), ethylene vinyl acetate (Langer, et al., Id), or poly-D-(-)-3-hydroxybutyric acid
(EP 133,988A). Sustained release compositions also include liposomally entrapped
compounds, which can be prepared by methods known per se (Epstein et al., Proc.
Natl. Acad. Sci. U.S.A. 82:3688, 1985; Hwang et al., Proc. Natl. Acad. Sci. U.S.A.
77:4030, 1980; U.S. Patent Nos. 4,485,045 and 4,544,545; and EP 102,324A).
Ordinarily, the liposomes are of the small (about 200-800 Angstroms) unilamelar type
in which the lipid content is greater than about 30 mol % cholesterol, the selected
proportion being adjusted for the optimal therapy.

An effective amount of an active compound to be employed therapeutically
will depend, for example, upon the therapeutic objectives, the route of administration,
and the condition of the patient. Accordingly, it will be necessary for the therapist to
titer the dosage and modify the route of administration as required to obtain the
optimal therapeutic effect. A typical daily dosage might range from, for example,
about 1 pg/kg to up to 100 mg/kg or more (e.g., about 1 pg/kg to 1 mg/ke, about 1
ng/kg to about 5 mg/kg, about 1 mg/kg to 10 mg/kg, about 5 mg/kg to about 200
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and channel - based net hods. Physical nethods of transporting the antibody or
anti gen-bi nding fragment across the bl ood-brain barrier include, but are
not |im two 2011210484460um/ent| ng the bl oodbrai n barrier enPCralsg)09o6178y
creating openi rghn barrier. G rcunvention nethods

i ncl ude, but %{ﬁsz #E% bh? RZ‘.‘,% 0%2 i nj ection into the brain (see,

e.g., Papanastassiou et a Gene erapy 9:398-406, 2002), interstitial
i nf usi on/ conveBgkerbewAree/ke WeaboyiekS) DQ&/@& aheuiy! 00 Refksp teeabort 500 /b, Nat | .

poad, Sen Y. by Rotngfy v HAGo0 ATE) Gl FRLABKE REBPBALNBRY, O, o2

Vaf ers(tn), Gﬂebel{dmgdnﬂhafmmémtmbd abdve! Mogisallyf the ciAitian gvﬂcb p&ﬁinﬁ@e& abn the
barrier include, but _are not |limted to, ultrasound (see, e. S. Patent
Publ i cati on Nclivpbibienutiselosags igeached hakissiis ip éngovenafyltamﬁ @ﬁtgw Htion of
nypertoni ¢ mafinthioh NEWHE bl mof syfpiop A CALL A Shsd R EoRiRRL- @ga' n Barrier
and its Manipulation, Vol umeslgg Pl'enum Press, N. Y., 89)),

per nmeabi | i zat i ppogresg, of thigtherapy sdyilymonimredigraveaditiong @ssags. K)I(eS(Henore g., US
Patent Nos. 5,1 12 596, 5,268, 164, 5 506,206, and 5,686,416

transfection gEeHSTATE hetrar mey Paidimiaisie Bedha OBF"aqlﬁerﬁ’étrtW%r(e*&a PR vectors
cont ai ni ng gengentesRtthRerdd1RioR R 1hb agvin®iraBbr bERAd ﬂ%bﬁtg bregmae (see,
e.g., US. Patent Publication No. 2003/0083299). Lipid-based nethods of
transporting tagentalnﬁym@dyumteraﬁm @@ﬂmdﬁ mmm@ffﬁneagtmqtqugsomhgent may

bl ood- brain b rr 1.0 enca sula |ng t he

ant i body or Ia8§1r1]n1 ter%ccij%ga‘ﬁ TG e r’rae e onrzioag’ent 1S ac}n%%ls ?% i gm(l:x(s)cdlp ed to

ant i body bi ndllﬂ_]@cﬁd’n&gmﬁfﬁﬁﬁsaﬂhﬁtOﬂH d?dndr@dgeﬁﬁmﬁﬁﬁéﬁdrﬂlﬂlsteh’@i S6alS thdl @E one or
endot hel i um of the bl podbrain barrier (see, S. Patent Agpl i cation

Publ i cati on N3MOr9EeL besrsapapacolgeir %@a&m@@u@ﬁ@ aaﬂxeuswaayn@r Adigt ‘éeﬂ%bl ndi ng

fragnment in | t
Applgl cation PCMI- :gi(a:glt%!% ellll\ﬁlolﬂggge 4}9r 5@6@%&4%“8%?1%5%2??%%F%? %‘V(l @?ef e.g.,

U. S. Patent AgpbtiadetinistarePapint csatxpoed ioor tlﬁaﬁlﬁﬁﬁ)lmatﬁﬁb)"onmomnteecoadmly
channel - based nethods .of tr tjng, the |b dy. or anti genbi ndi ng
fragnment acro THICH5H AR é ﬁ é?a%" PP%FeCOH‘?aI“LPG migisteregrage Wg)t linited to,
using gl ucocortl COiAhtiBbAEKE tRe Qe DA SRERY BRI (NBR dulcta cahfp@ bl ood-brain

barrier (see, e.g., G\E REFERENCE: PR4267R1 WO A O?NE ET NO.
50474/ 020\W2 adm1n1stered by any suitable means, including parenteral, subcutaneous,

intraperitoneal, intrapulmonary, intranasal, and, if desired for local treatment,
intralesional administration. Parenteral infusions include intramuscular, intravenous,
intraarterial, intraperitoneal, and subcutancous administration. In addition, antibodies
can be administered by pulse infusion, particularly with declining doses of the
antibody. Dosing can be by any suitable route, e.g., by injections, such as intravenous
or subcutaneous injections, depending in part on whether the administration is brief or
chronic.

The location of the binding target of an antibody used in the invention can be
taken into consideration in preparation and administration of the antibody. When the
binding target is an intracellular molecule, certain embodiments of the invention
provide for the antibody or antigen-binding fragment thereof to be introduced into the
cell where the binding target is located. In one embodiment, an antibody of the
invention can be expressed intracellularly as an intrabody. The term “intrabody,” as
used herein, refers to an antibody or antigen-binding portion thereof that is expressed

intracellularly and that is capable of selectively binding to a target molecule, as
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U S. Patent Application Publication Nos. 2002/0065259, 2003/0162695, and
2005/ 0124533); activating potassiumchannels (see, e.g., U S. Patent
Appl i cat iwo 2Pul4Batat | on No. 2005/ 0089473), inhibiting ABCTASagoseBBport ers

(see, e.g., UKD LSAL1,08 Publication No. 2003/0073713); coating
antibodi es W t [i.@, M%@éﬁ%@%ﬂ ng activity of the one or nore
transferrin receptors (see, e.g., U'S "Patent Application Publication No.
2003/ 0129186) ,deagrtbed an MorAsed, e heerapt 4:bbd P97 sleentermagn,, Mesh@ls 3Pvént  No.

5,004, 697). A 'b%b%, i fd;0Nn in t of . the. i nvention are
formul at ed, dgfsjgd, and'a (fgﬁ%qu\tllg Serg’é)giisgoaandfé‘ls |’10 ’Q%?ﬁtg?te‘%?ﬁwtf% good

medi cal pract i BplicdtRatNg. 306370103905 g PaTirabli¢afioh MosWap03/ext945ncl ude t he
particul ar disorder being treated, the particular mammual being treated, the
clinical condifpirensilaler epeessing el imingrbodxis efpctedibydntradyeiag anuelpe agidsor der

the site of del] [P AGSRL . "mg : 11| [ § he
schedul i ng of eéél %lﬁfr‘l]%/gl? rd g%lfégr?, ang Otr)%ﬁ%eg?%ct @%ﬁlgt%ﬁ%édgﬁg%#%w}l&]
practiti oner s.tyfdleadentéqnenty ané egtrataty stpaals hotmally asgptiaedatithythé geneachedddgt Wi t h

one or nore agent currently used.to. prevent or treai the disorder in
question. Th eg‘g‘ftfa&@?‘?‘{)’é’r &H‘%/ﬁ_?ﬁi’lr&?ngsfﬁ%‘?‘e&fe)ﬁ%tf’ aé@rg?ﬂ%ehd epé ﬁ'&g‘?aé% mefhed gfpunt
of antibodi es jgfrodudfgi FI¥RIARE its § S8 al Be b8, HhOLIMb Al Bt 1ihif by pe of

di sorder or treatnent, and other factors di scussed above. These are

general | y usednicrpinjpeiogabedlistic szigamnagie-ipotation wilniust pratsplete pretipiggions

descri bed hereﬁ N QL arp(ﬂtrjatnttrtom 1.tto 99% ofd t he gOEa es de%t:dri.b dﬁgerei n,
or in any dosadSSURE 1Y Gier U wt L Vil adensial APTRO IS a‘f"@a t er ni ned
to be appropriaténiakettofsRerrpheuRmutien 21d dfitaksent of di sease, the

appropri ate dosage of an anti body (when used alone or in conbination with

other agents) wil| Teepahat caodiment ypiemajizieg ansihedics ase peovidedatiatibodissean ype of
ant| b _ody, the ﬁ;@%@g éetrtﬁinadﬂgra&gﬂgtﬁzﬁ tlf?ii eﬁ]ﬁﬁceddeﬁegrg%f am%ﬁﬁgfntc; peqlsaﬁtc'a}? BQY I'S
adm ni stered for preventive or therapeutic purposes, previous therapy, the
patient's cli nmedfiediogiosdeys sunkl chiaespoindes. tlechiligucaidr dohidying dridlart keowhh BCr et i on

of the attendi hysi ci an. The .anti bady i uitably admnistered to the
patient at onetﬂ‘??‘ﬁegﬁrexmglﬁ Flegrig Ogﬁgﬁ?tzﬁgm@%ﬁég’éﬂﬂ?tﬁﬁs BRfaksigtot ype
and severity ok (&&,‘é!g%(iﬁg@até%@%_t 6,1037,@@5._9L{ﬁ3fe¥§0ﬁ§g)/riﬁgos(o%eg can Asotbd0/ kg- 10
ng/ kg) of antibody can be an initial candidate dosage for admnistration to

the patient, wsedteglelivirdhe antikoghl iato dsiis.ofdersrantibedy foagpmnistaee weddithd st rat i ons,
or by conti nuoslrjnsalliesr%firﬂl?ti)i%rr]y fregg‘lrr?entt ¥}E& gpaelciﬁ%gﬁyl Binds to the binding domain of the target
protein is generally advantageous. For example, based upon the variable-region
sequences of an antibody, peptide molecules can be designed that retain the ability to
bind the target protein sequence. Such peptides can be synthesized chemically and/or
produced by recombinant DNA technology (see, e.g., Marasco et al., Proc. Natl. Acad.
Sci. U.S.A. 90:7889-7893, 1993).

Entry of modulator polypeptides into target cells can be enhanced by methods
known in the art. For example, certain sequences, such as those derived from HIV Tat
or the Antennapedia homeodomain protein are able to direct efficient uptake of
heterologous proteins across cell membranes (see, e.g., Chen et al., Proc. Natl. Acad.
Sci. U.S.A. 96:4325-4329, 1999).

When the binding target is located in the brain, certain embodiments of the
invention provide for the antibody or antigen-binding fragment thereof to traverse the
blood-brain barrier. Certain neurodegenerative diseases are associated with an

increase in permeability of the blood-brain barrier, such that the antibody or antigen-
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dosage m ght range fromabout 1 ng/kg to 100 ng/ kg or nore, depending on
the factors nentioned above. For repeated adm nistrations over several days
or | ongerw@200N4Bddb GNE REFERENCE: PR4267R1- WO ATTORNEY PDOTISEN09/NG1733

50474/ 0202 ﬁ & _{,{g&sﬁﬂg%ti on, the treatnent would generally be
sustai ned unti ] : <6530 A di sease synptonms occurs. One
exenpl ary dosage of the anti boc?y woul e in the range from about 0.05

nmy/ kg to aboutbmdingfrgpent Tayke regdily infrodusedstodbeseraing fWiadsghe bloodsbray kagrier2. 0
Ca ka. - COSH
my/ kg, 4.0 ny x‘é&gwgﬁnpt)%c?,i sgg{ré%gﬁlg{?@%@%ﬁ%h DALy Qﬂrénﬁﬁérﬁgé Pélgfé%me?&m

adm nistered to may be "adm n Fhtermtt ent Y,
e.g., every waeknaudigy ®&tuynd: timded ve ekgsidabmgthods ligld-tabad méthedspaid reedptdrecei ves
fromabout two to about twenty, or, e.g., about six doses of the antibody).
An initial hi gar‘ilér‘*‘h‘l‘%hbﬁﬁxg'ﬁ%g&fol | oned by one or nore | ower doses may be

adm ni stered. An eXxgRlanyetdQs bPSadss8k SE i | an
initial |oading dose%)}f at?é}g)fta 4 n%/sgg,lﬂgﬁeﬁgﬁvg& %yggt?‘o%egmdﬁlﬁgﬁ%%gr%%gnance
dose of about #RravgfHedlayil-tirhie bamici hohiye, HHomewnet limstdier ciccosmg@ineehd bleod may

be useful. Th rogress of. this therapy is easi ni.t ored by conventi onal
t echni ques anﬁ”régggvgelﬁ{relkcfrib‘yéffia%g M g eb%og% ngﬂb‘@her ation The

i nvention al saCikdugdvéaish MBhORABIHQS, b@Ché NAUINNSd 98, dirt&i§eS JRAntd]A RRinOr  axon
degeneration. This may be acconplished by use of an activator or agonist of

one or nore of(sechest Brrpaasassion eeal., isna dbdran2):3 A #te 2081 interstidialexcept i on of
adenyl yl cycl alﬁf%’sioyl\ﬂc&tk/erc@%{?grﬁltanée(a.d%\'je%b(is%?r} e.gn,mol%lo.tef)%lg c}%(?c. %tluj(%aagz’. &ccz)

activate neuron or axon generati s,°"agoni’s dual“Téucine
zi pper - bear i ngUKiAas207dR080, 1904y.cng efplaniigade vidytiasiee xhé Bak3Bde, cp38
m t ogen- acti vat,(ﬁd pratei n kinas ,..epi der mal owt h _factor

1

e (P38 MAPK) r
receptor ( EGFRYLL ehRlodYstiBe A 9%581%'g§5-=I3i0%53§d@P@‘F{)Wafw{:“fsh’d@f%ﬁdent ki nase 5
Cdk5), c¢-Jun ] éﬁ?[ﬁg 2 i At r i Bax), Ih
E:hann)el, and c%a%%%tg%})%u |n-O g%%%%nge(ﬁgn é%%i?@?ér:l %ﬁggeeﬁu% ﬁ%t%g@?‘{éawm can
be used in netlhwotsl tofulasbindisean g.goJ. B iatana Bl gatooNo. 821003 886 pnsmGic h

29 Geacr i bod HEFEIE &b o F R R er e, Coeaya o CHRTRENGr esent
i n medium in wileBIoeABeMS BasRr 68 kViespulbtiod, WO LRRIGAES, PnflfPY&Rs,Ir oWt h
factor, and assessed for
N.Y., 1989)), permeabilization by, e.g., bradykinin or permeabilizer A-7 (see, e.g.,
U.S. Patent Nos. 5,112,596, 5,268,164, 5,506,206, and 5,686,416), and transfection of
neurons that straddle the blood-brain barrier with vectors containing genes encoding
the antibody or antigen-binding fragment (see, ¢.g., U.S. Patent Publication No.
2003/0083299).
Lipid-based methods of transporting the antibody or antigen-binding fragment
across the blood-brain barrier include, but are not limited to, encapsulating the
antibody or antigen-binding fragment in liposomes that are coupled to antibody
binding fragments that bind to receptors on the vascular endothelium of the blood-
brain barrier (see, e.g., U.S. Patent Application Publication No. 2002/0025313), and
coating the antibody or antigen-binding fragment in low-density lipoprotein particles
(see, e.g., U.S. Patent Application Publication No. 2004/0204354) or apolipoprotein E
(see, e.g., U.S. Patent Application Publication No. 2004/0131692).
Receptor and channel-based methods of transporting the antibody or antigen-

binding fragment across the blood-brain barrier include, but are not limited to, using

glucocorticoid blockers to increase permeability of the blood-brain barrier (see, e.g.,
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its effect on degeneration. Agonists of neuron or axon degeneration can be
used in the prevention and treatnent of diseases or conditions including
epi | epsy wodosuBey as well as any di sease or conditi oRCThskoogmy178E

characterized E faill atural process of axon pruning and
degener at i on. LREAAL %‘§429?§?va | at ed andPATENT GNE REFERENCE:

PR4267R1- WO AT CET "NO. 8 /[ 020W02 admi ni stered to subjects in
need of such tY.8ak#emippb¢atign Pubhcstion Sles 20820041388, 20830161684, 4nd secti on E,

above. G Arti ot h ect;;aef L he Jnvention, an
article of rranzg)b g@tl %{Ségﬁg&g‘%ﬁﬁéﬁﬁﬁ%?unng%u ‘?%:g?g%&m%gl liz%t%n(r%l A(S’P M%Uf) 5‘

cont ai ni ng matRibiiedtion 0&eL005/6089413)einhib@Rig T daig tnheoewtsi (s, ab., Uk

di sorders and conditions descri bed above is 7provi ded. The_ article of

manuf act ur e i defabasricaiombullicationet 2909988713k coptr agebqdigseyith n or
associated wt . | . < iners, | | e,
ot t1 eq vi al cmbCECAN diRling FHAGR berAEbPOR G AEHHCEn g el XU Pory
of materials duShPaent@pabsation Ppblistior NoT2®3 4029 Hiohend haicsig thonmposi ti on

that is by itsel. r when c ined wt n er conposition effective for
treating or prag{}é?fﬁ'sr{é"fet fig- @%b&afepbﬁdo'ﬁﬂ@n@whave a sterile access port
(for exanple the coGii@biefonPR¥itiBEs @Rd iAHhe RWAMAY Sf $0itleh@h RSbrRAkIakedYi al
having a stopper pierceable by a hypoderm c injection needle). At |east one

active agent idestdnendastrpoisietddon aifsshn conhistpitivath gobd ntedichlpvragitce ohactorhe | abel
or package insert i.ndi cat that. the.c osition j.s used for treating the
condition of c ro%oél gagrﬁ)g?ne%\s}}élrs ,Cg?tﬁxet 1%(?1?(%5}% P8 lcuﬁ%rndﬁsfoécetr E?lélg %r;rﬁai}e(:i’ & ude (a) a
first contai ngarivutad mAmeQIpeiag treed, gladliaidabebntiftion oF the iNdiGideAl Pafidi, the
conposition includes an inhibitor of the invention; and (b) a second

cont ai ner wi t FaBseObMsoliiorisrhe st Hlidsivery pethe peent.ibemethad phadnepieian: i on
I ncl udes a furtﬂ{l&%a&dﬁﬂ%%?%ihﬁtr@i?&ﬂﬁﬂd Jh& f%ft&'g%@wﬂo H’Il?%ﬂ{i&lehn this
tion may further rnclu

enbodi mrent of the Inve e a package insert 1ndicating
t hat t he conpdictantislycaed txe buded istaptibndbtfoanyated wtthoas ocoodiagemn.

Al ternatively, or g,ddi(ﬁ]i onal | i; the article. of manufT%ctHr e. may further

i nclude a secdHHCTBrUSEHIRITVRbe EiehiF disqeder iy qngstipn. The ellective amount of

phar maceut i calshylr aa&eREAPHE R difthe ambGh oREntRALS b B8 tdlehSol¥RtRht hhe
injection (BWI), phosphate-buffered saline, R nger's solution and dextrose

sol ution. It reynylaionhde typsef diserdert drdreatveansrand ptheyfasiorsabiscassed abava.

commer ci al andfh'é?ee re gén%Pa(ille(‘?fséH n tflenscalm%qiors] ef :c[upde \;vitl?gér}cli%{s’?ration routes as
described herein, or about from 1 to 99% of the dosages described herein, or in any
dosage and by any route that is empirically/clinically determined to be appropriate.

For the prevention or treatment of disease, the appropriate dosage of an

antibody (when used alone or in combination with other agents) will depend on the
type of disease to be treated, the type of antibody, the severity and course of the
disease, whether the antibody is administered for preventive or therapeutic purposes,
previous therapy, the patient’s clinical history and response to the antibody, and the
discretion of the attending physician. The antibody is suitably administered to the
patient at one time or over a series of treatments. Depending on the type and severity
of the disease, about 1 pg/kg to 15 mg/kg (e.g., 0.1 mg/kg-10 mg/kg) of antibody can
be an initial candidate dosage for administration to the patient, whether, for example,
by one or more separate administrations, or by continuous infusion. One typical daily
dosage might range from about 1 pg/kg to 100 mg/kg or more, depending on the

factors mentioned above. For repeated administrations over several days or longer,
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diluents, filters, needles, and syringes. Further details of the invention
are illustrated by the following non-limting exanples. H Exanples As

di scussedwvakowd4s4aeur on or axon degeneration i s a comoDRCTaSRewO6TB3 many
neurodegeneratB I SpRPE Al occurs as a result of injury or trauna
to t heFATEINT ARG Ng@;}gg%(yp ATTORNEY DOCKET NO. 50474/ 020W02
nervous system The nechanisnps that regulate this active process, however,

are just begi rifiPfRflingoomide gergtian Bsdreampabyould senaualiyd sppined hriy aglesifedr ent
nodel s of neur . . i It i t chani sns
may be invol vesgB P I(rgigstl I'S 6%%%%2@?%%%%2%‘g:s’nggﬁ%ge%ﬁ)?%rgHﬁggtg%lrngﬁ%%ﬁ ﬁ?gggi sor der
or injury. To Weuld hein théamge fremi abeutt (S mykptsatidnal 0 mgdgl dhes,paeioOmo@r axon

degenerati on, |ibrary of spall nol ecul e conmpounds targeting known
ignaling pai H%é@%of{aﬁo'ﬁ&dffe@gﬁ%fi%%?&m%{&%ﬁr R gt Gt 1grrombingtisk r eened.
Mil tiple signahiRgh BALBWaYSiN&LEd Idf bétfeh@cbugﬁ db&k H%g'rﬁg%?%gﬁsﬁ}f?é or neuron

&
or axon degeneration. " Notably, a nunber of |dnases Ied as
medi at ors of nelgrottently, axorvels genle pagvenrthreandekufetghencintbattbmpaienc st udi es

| ocal i zed the functi.on qf distinct kinases to either .the onal, qr. cell
body conpart nerﬁfeé‘.'esﬁ?&%oﬁg{%ﬁﬁgo%?’%&%l°§’oe'%t 33’8}1%56" P?F%?ﬁﬁ? a%ﬁ’ﬁg}?ef&} i on
paradi gns W t hinBialhibidr 16284 doSe, FSIMSAADyI0NE o AFFBWERIREUh A b RIGNABeRUE

| eadi ng to neuron or axon self-destruction. These experinments are descri bed
in the fol | owi Ag cEAPPIYElpSINERgipPRCOMINISERIdMipisteNag po mittyl loading doegener at i on
Three nodels o e rati i re4n d d above in
connection wt bo@eﬁ%ﬁ@éﬁ%ﬁ%@%‘?}dgggggsl%{a{?g%%a%égryoggoﬁlj@g% jt%lé{kgé)ﬁﬁ%f y and
characterize iankibbdyt disveatr, nther dosage regixens thagdaedediili Qhe pagredesitihisbed
herein, were used in the experinents described bel ow, including anti-NG-
anti body, ser JAFTARISEasil imeiResd by sauvepiong! teshIareseBA 8%aY% r eat nent  assays.
As descri bed above, treatnent of cultured nerves with NG- results in

proliferation of axons, while treating such nerves with anti-NG- anti bodi es
results in F. Activation of Neuron or Axon Degeneration

The invention also includes mcthods 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,
with respect to which an inhibitor can be used to activate neuron or axon
degeneration). Thus, agonists of dual leucine zipper-bearing kinase (DLK), glycogen
synthase kinase 3 (GSK3), p38 mitogen-activated protein kinase (p38 MAPK),
epidermal growth factor receptor (EGFR), phosphoinositide 3-kinase (PI3K), cyclin-
dependent kinase 5 (Cdk5), c-Jun N-terminal kinase (JNK), BCL2-associated X
protein (Bax), Ih channel, and calcium/calmodulin-dependent protein kinase kinase
(CaMKK) can be used in methods of activating or increasing axon degeneration.

Such agonists may be identified or characterized in assays of axon degeneration, as
described herein. Thus, for example, a candidate agonist can be present in medium in
which neurons are cultured, in the presence of nerve growth factor, and assessed for
its effect on degeneration. Agonists of neuron or axon degeneration can be used in the
prevention and treatment of diseases or conditions including epilepsy and autism, as
well as any disease or condition that may be characterized by the failure of a natural

process of axon pruning and degeneration. The agonists may be formulated and
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axon degeneration (Figure 1). Treatnment of neurons with anti-NG- anti bodies
| eads to several different norphol ogi cal changes that are detectabl e by

m cr oscopwo 2boyo4emanpl e, varicosities formed in nerves eartuse@d/ooi7sh

anti - NGF ant i J@JENE pef ore,axon fragmentation and, in sone cases, appeared
to burst (Fi gLﬁ ﬁ;&%éj@@#&%@o% axons cultured with anti-NGF

anti bodi es | acked el ongated m'tochondria and showed accunul ati on of

m t ochondri a iadmimEstered & subgsis is nepglad suahgreatnadnt asiognmethadspoh tis thesdl ocked. A
significant number of m'toZém dria were still active within hours of axon
fragment ation C{‘%“&ﬁ?@%ft.mn ’fag?‘feher exanpl e relates to cytoskel et al

di sassenbly. After axotony, the m ctrotubul e network di sassenbles prior to
the actin andPATENT GNE REFERENCE: PR4267R1- WO ATTORNEY DOCKET NO.

50474/ 0202 deur ofrtigleeaf Maoufgstwre. | n contrast, in the NGF wit hdrawal

nodel , the nicrotubul e network was not di sassenbl ed before the actin or
neur of i | ament net wdr inoglEir gspeet of the iAnoittiorranmoddd olohamfaturd ége neplarinareutical

the axon ¢ hat SEparATEY 0 CFREhTeRERI “Bulr i Gareertyt pegetdnofhe Rar {
et al., SciencesoZR8HdediB6EkBIckibed @A) is pravidbd.| Biid AicIDBERARAITAIE MncRldRW

(Wc?) mutants, axon degeneration was significantly del ayed, as conpared to
wild type contrehiginerang g labg or pgokpge insertyn or asgociatrd avithobe s@w@ERer1 Grgable13,
2004) . The eff : . f b ' of . t i.st.en of an
axonal self- dggtﬁt%ﬂlg{sil%érﬁdﬁﬁggﬁl %é%ﬁﬁ}eghﬁ%ﬁg’%gﬁ%%g’n%% fhﬁe Ct% ﬁ{gﬁ\ﬁscrﬁa rrll)ft ant .

W d protect ed faxodSront & edrieNGHT matthials suslas glask orghldtiei OThdoawdiet haldopt osi S.
Addi tional informatign concerning the anti-NG- anti body, serum )

depri vat i on/ KECOP®atien @ﬁt, Is Eﬁ&sqlfg?ré%ﬁéomb@a@ pethanaiberpanositipp feciae forn

Exanples 2- 4 tfeatmgt orm%eatm%tia@ggadm& a(ﬁ%Sas;rnadﬁe@gtwléfa%%?gbﬁb%gogés&g@higq@, and

8 and 9 (rotenone treatnment anple 2 SCreen for | uron or
Axon Degener atcoutpinFhmanbr a0 INGR eants sobdipn tregled a deldevingedtappevsercenbledarpl e 1
was used in a scrcﬁen. f.ar i nhi b&tors of ., neuron or axgn degenerati on

T brary of oot A0 tor Hor Sl e g A raE: e QR oaREs  PRaerRubl o
see which, if ofif inveadoih. afle label or package insert indicates that the composition is used for

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,
wherein the composition includes a further therapeutic agent. The article of manufacture
in this embodiment of the invention may further include a package insert indicating that
the compositions can be used to treat a particular condition. Alternatively, or additionally,
the article of manufacture may further include a second (or third) container including a
pharmaceutically-acceptable buffer, such as bacteriostatic water for injection (BWFI),
phosphate-buffered saline, Ringer’s solution and dextrose solution. It may further include
other materials desirable from a commercial and uscr standpoint, including other buffers,

diluents, filters, needles, and syringes.

Further details of the invention are illustrated by the following non-limiting

examples.

H. Examples
As discussed above, neuron or axon degeneration is a common feature of

many neurodegenerative diseases and also occurs as a result of injury or trauma to the
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degenerati on observed in the presence of anti-NG- antibodi es. Methods and
Materials Mouse EIl 3.5 enbryos were dissected and placed into LI 5 nedium
(I'nvit rogwo)2010T(h&445p| nal cord was dissected out from thecenseeoseimss h DRGs
attached. The % CQSP%H&I attached were placed into LI 5 nmedium
+ 5% goat ser ufp é%% 504 foRds Were renpved using a tungsten
needl e and the renal ni ng |na corg was di sposed of. Eight well slides
were filled vmqeﬁvomssls@m s&%@%ﬁnl@methm regidmeétha@ve Preicesyzhasvgypt, eresnst, and
1m 1M gl ucos d | ement was
made by dil ut ﬁggﬁ&g]fnml\é%&?@?%%%c ?r%f n@‘%ﬁ% eﬁ%\k/é@ CFIHgl)emblgcl)\brgﬁlgx(l)LHgn%umHe

fol | ow ng i ngreedk@ndegendratidnlie aﬁpl:h}sQlMtﬂiffc@érﬁlQl’echzﬁuéﬂlslﬂlayl'&ﬁlivcﬂvéﬂlhfﬂﬁﬁ ed
saline solution (HBSS; Ca, My free; Invitrogen), m bovi ne serum
al bumin (10 ngoRess: Aenspdige upamsiye pagre of thy worﬂtffr&ﬁsrﬂ'é% LR frther ¢hpraciegizenl EINI

GNE REFERENCE: I Q(gj&? 5 %ﬂtﬂﬂ 100

nmg/ M in HBSS t}lﬂl%%égl:% réégd& Jﬂ%m?ggl um e %%%negﬁéééﬁ%%w %%Bbl ng/mM in
HBSS = 58 mV) compdurrds tngd:tngskmowe sighdlyngrpathintags indeodeRSoI80urbor &dnng/ M i n
HBSS = 500 ni est P8783-5G,. 0.125 bsol ute

et hanol = 400 ner%‘oﬁé"e ¢ 8??‘163@@1‘ B&S@a](“@z@élyaé’émng?ﬁmjﬂﬁf TR absol ut e
et hanol = 5.8 rﬁwssﬁ{f(ﬂf n%roh ot hﬂﬂ%géﬁéﬂiu@ﬁ NeRBIyUh$@abdr of IR3RE whROMG, 0. 2
ng/m in 0.01 0 mv insul'in{16634-250M5 bovi ne
pancreas, 241 idgngied Q@nﬂ@ﬂtm”s qfmeggn eviiaaldegengratiopgdng firther meetomnistic voI urre of
10.02 m (can t 0C u

combi ni ng t he Bl%lle% lgcaf}gedq&cbfu mct? dr désttlncth(Blz 6%&6%%?%16 z}xoncld)rwalfg(l) tam ne
(200 MM G bC(t)ampix&)mBﬁts I\/EIMSNpilﬁﬂhﬁ&w(r&ﬁl%tu&fb@ﬁﬂ)therll@gdﬂeramn pandiemtr at e
(100X, see above), for a total volume of 40 m. The mxture was filter
sterilized usi'K simgarxosulis sugeqstipg comygon molepylanpechapieas liediag &9 prugen At - 20
00 . The DRGs d of each
wel | of an 8- c 1§§é§f;{1§gﬁ( %%%égé%%ﬁ?ﬁ%&ﬂhﬁﬁ&éa@g@bgl ass SEect on

Di cki nson) . The DRGs were permtted to attach to the slide at room
tenperature for 5- éo m'srggt es, followed by an overnight incubation at 37C.

I nhi bitors of choi added at a

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
inhibitors of neuron or axon degeneration, as described herein, were used in the
experiments described below, including anti-NGF antibody, serum deprivation/KCl
reduction, and rotenone treatment assays.

As described above, treatment of cultured nerves with NGF results in
proliferation of axons, while treating such nerves with anti-NGF antibodies results in
axon degeneration (Figure 1). Treatment of neurons with anti-NGF antibodies leads
to several different morphological changes that are detectable by microscopy. For
example, varicosities formed in nerves cultured with anti-NGF antibodies before axon
fragmentation and, in some cases, appeared to burst (Figure 2). In another example,
axons cultured with anti-NGF antibodies lacked elongated mitochondria and showed
accumulation of mitochondria in varicosities, suggesting that axon transport is
blocked. A significant number of mitochondria were still active within hours of axon
fragmentation (Figure 3). A further example relates to cytoskeletal disassembly.

After axotomy, the mictrotubule network disassembles prior to the actin and
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concentration of 100 nM (top row) or 10 mM (bottomrow) 1 hour before

addi ng anti- NGF antibodies. The anti-NG- anti bodi es were added to the

ri ght halwoabigidaesss| i de (4 wells) at a concentration of PRF/USRéNi061788 t er

i ncubation for [ L pphSn L8 slides were fixed with 30% sucrose/ 8%
par af or mal dehy (f %Ké&g@d%%&%z of the fix solution directly to the
250 m of cul ture nedium 0 'mﬂ(e he "30% sucr ose/ 8% PFA sol ution, the

f ol | owi ng i ngriediodiameenieeteodgd ducangrast, B0 NGEFbyethiderwal motleldihngnicrosibirie bar :
250 m 16% PFA (cat# 15710-S, Electron M cr.osco Ci ences m 10X PBS
or 74, and 19650k e BEERea SRS LS R R R SR At |

di ssol ved, and t hemfetier diodpisofakonlddbiaeitionas & Adaaddetndtiongwhide ioH to 7. 4.
The vol une was then brought to 500 nl with water in a graduated cylinder.
The sol ution vidduesil Rethegspurrengs efcadlgsipminghe ginstthat sepsept¢sribirem the cllbody i des
were fixed for ! e I ] i< PG | BB | cells
here | anel ed WIS fé?igleﬁ%? ’2%%@@5@%%%8582%»Ve%do?)halrﬁg?laﬁﬂﬁ? 1: 40;

| nvi trogen), aependrndneSlcdyEd) Mutahts2DOn degonctariogeay sigafichntly DdlAyst, ai n
(Hoechst 33258; 1:1Q,000; Invitr(ig n in 0.1% T Triton and 1% goat serum for
2 hours at rod®PaTFHd? Rt e copfEolstiagre sohiski gilwas renoved and the slides
were washed 1 ¢ . ) PR T

REFERENCE: PI?{482(‘:éégflc?é:Li-'?0 @?}%E@\%%%‘ NO. f%ﬂ?ﬁ%%%ﬁgﬁgﬁnﬁa%dl um

( Fl uor onount  Ghe &igenceofiaMxmesetplestBuiien oeshanang whichks 8@alenedio. thed Wid®
coverslips (WR).. R ts In.these_.e [ ts ont.rol neurons (as

vi sual i zed by %%tfn?tn%@%ua]?rﬂfeﬁtﬁsl %‘H‘&é‘ﬁ%@ﬁ@ﬁ é‘iqg'ﬁwf% gHtt &lﬁﬁaﬁ‘é‘f‘:&{ ?pé’ﬁgoﬁlﬁon NGF
wi thdrawal . I'n contAdsitonal ifdngid ®96aERe e HANGF BntiiFaY |se® ecul es, axon
integrity was maintained upon NGF wi thdrawal. Figures 6-10 show the results
of these st udidgrivasionX(y wdectivanmndirpienesietipatmgntiagaysskrionidedin bran(ilisgur e 6) ,
a p38 MAPK i nhj fjt : ti vat or i a
transcripti onml @htf %{qrﬁ%@gﬁ@):ﬁ&%ﬁ :ﬁ)rél%dsogﬁ?%ﬁ%bd}%ﬁorn ?(aﬁ(i gﬁg gbgso,zgngnej NK

i nhi bi tor and teafd@at}channel bl ocker (Figure 9), and an |Ih channel bl ocker
and a CaMKK i nhibitor (Figure 10). Exanples of specific conpounds found to
prot ect agai nst neurodegeneration, and corresponding targets, are shown in

Table 5, which is 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
small molecules (Tocris Bioscience) was tested to see which, if any, modulate
degeneration observed in the presence of anti-NGF antibodies.

Methods and Muaterials

Mouse E13.5 embryos were dissected and placed into L15 medium
(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 of. Eight well slides were filled with N3-F12
solution (23 ml Ham’s F12, 1 ml N3 supplement, and 1 ml 1 M glucose) to 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 um), 2.0 ml Transferrin (T1147-1G,
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simlar to Table 2, above, except that it further includes a colum wth
coment s concerni ng observations nmade with respect to sone of the
conpoundswOtal@sEPATENT GNE REFERENCE: PR4267R1- WO ATTERREES200Q0KE33 NO.

50474/ 0202 E Ng]}a b 1i_ 8ti on of Inhibitors with Respect to
Ti m ng of Addif4 Clg{ﬂy&ﬁ{ﬁg@owmwmdr awal Studies were conducted to
assess the activities of the |'nﬂ| bitors when added at various tine points

after NGF wi t Himafal 00 mg/mian HBSS a1 mddp &0 miesetlimpgstanite £¥HBE&d Mfat0.Qlo
Oy s kb BB A0 0 e A0, DASPE RS Yt &1

candi dat e ki nases can egeneration. § and

Mat eri al s Pri n@ByS es00 saMs €@ thprbfdsteraie (BY788e3@ 03 mh@ml N abeslueRtHanél 3
Dorsal Root Gan e cells were maintained inN3/F12 (+ 25 ng/m

| i DRG) .. The 3 g
NG e am ( RO OBl ComeosKEpng (ErCrRRbG. S In Ghepkiseiapoi= s of | 1M
! t ock)my i i A ; i
T13623a8000) | Pevn o B MEANAi QU K5 MG, TR og ori or
to use). The g FAALdal danlangullioyd3BRsBIGcoatincRidhtkanPal U/mgated gl ass

8 wel |l chanber_s|ide 468 apd 24 x 60 . coverslips (VR
48393 106). EfBFYBY SupEPicTsabm; refol v&ﬁmqﬁ?l?ﬁ%@ﬁf%@ﬁwﬁa&—om;
were soaked i mofO96 ASNRARAGANt sREK wli SRESHIDHISRE tHéFfol%iE%q:O M0 c¢m di shes
(4 enbryos per dish) and one 6 cmdish for 'spinal cords). 3.5 spinal

cords were extHeactusa (109X GOpeM 149 migdgtmBde (W@W@@Cwﬁenldﬂﬁ&hﬁwﬂﬁ orr} tge
i nal d j i hal i a tungst.en dle. 8 sl i des
spr ) ord andoSechaeh, o BLYGR: MR BNIBSIAN Has0Ley 8 et 51 0o

were placed i rnte mixtire wad filige sieAlibalol3mgnd 0. 38smdHen wad 1 20f1 atiqhéts Wert s at

roomtenperature, and then the DRGs were incubated at 370C overnight. The
fol | owi ng condi¥tb#s2{lérde used to test the inhibitors. 25 ng/m anti-NGF

o bocy v adSed ok R M S b BB LRl B

al i quot from rmassdiimbér dlidk KBI2 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
concentration of 100 uM (top row) or 10 pM (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 pg/ml. After incubation for 20 hours at 37°C, the
slides were fixed with 30% sucrose/8% paraformaldehyde (PFA) by adding 250 pl 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 7.4, and 150 g sucrose. The solution was mixed under low heat
until dissolved, and 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 a graduated cylinder. The
solution was mixed well, placed in aliquots, and frozen.)  The slides were fixed for
30 minutes, followed by washing once with PBS. All cells were labeled with an actin
stain (Alexa-568 conjugated phalloidin; 1:40; Invitrogen), a membrane dye (DiO;
1:200; Invitrogen), and a DNA stain (Hoechst 33258; 1:10,000; Invitrogen) in 0.1%
Triton and 1% goat serum for 2 hours at room temperature. The stain solution was

removed and the slides were washed 1 x with PBS, and coverslipped with 130 pl of



GNE REFERENCE: PR4267R1- WO ATTORNEY DOCKET NO. 50474/ 020WX2 mi x into -200C,
18 mM in12 M DVMSO 6 mM in24 mM DVSO 18 ml in 12 mM DVMBO 9 m in 2 1
m DVSO worhiomsf@d mMl DVSO . M xing was done by additi eaTafS2a0e@6i78hi bi t ors
and |ight shaki NTThe controls were +/- Anti-NGF (+ 1.25 mMl DMBO), and the
experi nents weg R%%‘;{é{]‘% 4" 25 hours, 250 m 30% sucrose/ 8%
PFA was added c%h 2madl um for 30 m nutes. Slides were
washed wi t h 1xm&B@ng stedpm @E@L@rombm@(ﬁﬂdaron@ﬁcremyﬁa@n@ayarﬁéd xoifk mas
follows. First Flockln carried out in 5% BSA/0.2% Triton for 30

m nutes at o‘fﬂ SRYsEY ?&\Vf\gﬁ‘)m mary antibodies (Tuj 1 ( 1:1,000)) were

i ncubat ed vmth t he glisdes overnight in 2% BSA at 40C. Slides were washed

with I x PBS and add a secondary antibody (CGoat anti-nopuse 488; 1:200) was
added. Slides wer e Iifhesherpedmantsteontiel r@em&@ér\’}sualmedEomdfytnﬁ@aﬂnmghour at room

tenperature |n t es_were wa 00 Hoesc in PBS for
10 m nutes, eraV en?m%gcanl[ geagen‘f%é%? %B%wﬂg%a‘g% q%ﬁ?nér?St Eked on a
towel to mil dlpteséﬁc}é,offéex\t'ﬁﬁ Sﬂnhlﬂ)ﬁﬁtbcwleﬁ rax&o&tdghtmasthm«aﬁmup@nmmnd stored
at 40C. Pictures were taken all at the sane settings (i.e., exposure

times). The ratiéhdsgwalefigHes &t ilohowdle rgsdis 9§ QHS%%%(B@S fona geterstmeirhibipr axons
f Il bodi bi t
are protect | verBoarshnbitoF Rt §), hR3F Ry b R ARG ARG LET O ot ter

NGF wi t hdr a\/valac(lFatqt,(F@uﬂel')) aﬁm&mlstﬂmrlﬂhleOranémEé}Fﬁf klmselmhlibam {tigwa8a scal e
from1l to 10 (O ks |ike anti - 0: OkS|I NGF control;
5 = | ooks |ikeé R lﬁoﬁﬁl?cﬁf??%’?chﬂﬁ%eﬁh)&g ‘§Pr h‘ﬁ??é‘n‘? ﬁ?cﬂi?rtaéfié‘ used
in these st Ud'@a%dl@anﬂlbﬁénglghfé I-B&E@an%les-r&i@b&lﬁc &E‘ﬁ oul}{‘}gI -fobﬂﬁ'ﬂot%kcgtgéts (stock:
10 Min DMSO T/ AT U ody Axon Target/ActlonInhlbltor

Concentrati on ag@maletlﬁﬁémen@@mlandwmeanndwagmmrbShoa\m i8B34h6 286h8D isrM Yes
(5) No (5)

similar to Table 2, above, except that it 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
GSK3p inhibitor VII
GSK3p inhibitor VIII
GSK3p inhibitor XII
Lithium Chloride
P38 MAPK SB 202190

SB 239063

SB 239069 Filopodia enriched
growth cones present

SB 203580
SB 203580 HCI Partial
EGFRK AG 556
AG 555
AG 494
PD168393
Tyrphostin B44 Partial
Tyrphostin B42/AG
490

PI3K LY294002
(Calbiochem. Cat. No.
440202)

Cdk5 Roscovitine
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2) EGFR ki nase AG555

10 M No (4) Yes (4) inhibitor 3) p38 MAPK SB239063 30

MM No (3) Yes (3) inhibitor 4) CAWKK inhibitor STO-609 15 mM No (I) Yes (I)
5) JINK i rWORD10os8RP600125 10 mM Yes (1) Yes (1)J A | | LPNTIUSGNE/0REBERENCE:

PR4267R1- WD A‘IPI@QNEY
Conmpounds wit
used to furthé?

DOCKET NO. 50474/020VK2 Exanpl e 4 Characterization of
chﬁ'\g% 18 ﬁgener ation Canpenot chanbers were
o ol ified as inhibiting axon

degeneration in Exam

Aéa@hdﬁamnerd%nthhﬂbers al | ow the separation of somal

and axonal environne

nts, and per mNKHBe7 i nducti on| Piriklocal i zed degenerati on

(see Figure 12 and,

ETEnscripWbh T €T Rlin@hyein BAT. Rey. Neurosci. 6(8): 615-625,

2005). In such chanb

Efoc axon ae~%@@6@blon s Tocartzed and’proc,eds

wi t hout apoptosis (F

| Bax Channe *i“iﬁfﬂb&”@hm ¢‘1§10c§=r BRI 0ing them

ﬁ

dividers (Tyler Rese
cl ean of any residua
Laboratories)/sul fur

\Y) VIAOSTT U LI | CT
sgaked +nNochrpm x ( Godax
EAMK d qver i JIQ',609r| nsed fiveParfighes in distilled and

aut ocl aved water (SQ
before use. Muse |a

Regtedn ) | boi || diifosrye®0 ni nutes, and then airtdried
nbyrithes{s5 ng/ml _in sterile filfered water; 1nyitrogen)

was added to PDL coat

ed 35 mm di §leslob8DmRlecosci ences) and they were

i ncubated for 1 hour
di shes were vacuumd

at 370C, followed by two rinses in SQ water. The
ried and then air-dried in a lamnar flow hood for 15

m nutes. Prepared dixamels3were then scored with a pin rake (Tyler Research).
Fifty mcroliters Q{hLaracg\c/lrlzatl .o%?nh%l{o?s wit? R%&)eal Qm\@;p%ﬁdﬁleg lAfr% across

the resulting scoretracks ( fte soOf Ut rom was reve owWs. 1790 ng of
met hycel | ul ose was Growlh Redr WitharA480 m of hburobasal (InV|trogen) to

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

Pri

mary 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

Biocoat PDL/Laminin coated glass 8 well chamber slides (BD 354688), and 24 x 60

mm No. 1

coverslips (VWR 48393 106).

Embryos were dissected in L15 medium (the dissection tools were soaked in

70% 1sopropanol, and dishes were set up on ice: 10 cm dishes (4 embryos per dish)

and one 6

10% FBS.

cm dish for spinal cords). E13.5 spinal cords were extracted into DMEM +

>128 DRGs were detached from the spinal cord and sectioned into halves

with a tungsten needle. 8 well slides were filled with 250 pl N3/F12 (25 ng/ml NGF).

Sectioned

DRGs (~4 per well) were placed in a 5 ul volume. Attachment was

allowed for ~10 minutes at room temperature, and then the DRGs were incubated at

37°C overnmight. The following conditions were used to test the inhibitors. 25 ug/ml
anti-NGF antibody was added at 22 hours. Inhibitors were added at T=0, 1, 3, 6, 9,
and 12 hours after anti-NGF addition (1.25 ul inhibitors added; 5 pul aliquot from mass
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whi ch was added 4.5 ml penicillin/streptomycin, 7.5 m L-glutamne, 10 m
B-27 serumfree supplenent (Invitrogen); the solution was m xed for one
hour at rwomtm&ﬂﬁature overni ght at 4C, and one f urt IreT/useem/06t733 oom

t enper at ur e; Lﬁgﬁ AN PReeIRISNof 1 | ter sterilized, and 50 ng/m NG-
(Roche) was ad ﬁggqyoé]&mgsmﬁﬁgmdzacuum grease (VV\R) was added to each
Teflon divider under a dissection scope. The |amnin coated PDL di shes wer e

i nverted and d‘F‘pr‘B@dzgﬁt 48 hin et VS ¢ biwr24 miliMSQu b e igddinl Bd3Q: i

added by use 1ﬁzﬁ P | Di shes
wer e incubate flor %ﬁ%(yﬁtm%%ﬁ'ﬁﬁ ve (??u?}gl %Q%?Pg%%ag@%&% M+ MC (50
ng/ M NGF) sol mbibgorswed ligiddbaking drchnodls Wer i detidHpar L.2ept BMSa) cand
grease barrier_was added in %ront of . the center cell slot. Free El 3.5

spi nal cords viBf EXRFFIEERISMEEE 4950 RIS ®enbryos and placed into NBM + NC (25

ng/m NGF) sol uti oMﬁ@a@w&@rgoqﬁ@@@m&oéé/mﬁmewsﬂda@é to4RE 94eNe JREFERENCE:
PR4267R1- WO ATTORNEY DOCKET NO. 50474/ 020W2 with a tungsten needl e. An NBM

+ MC-| ubri cat e@lltpmoecbmrpéfmﬁ miagtes; sBlifes werppwashBREsh il R PBSAstopB°@). t ube. DRGs

were pelleted a.iabletop centrif The super.naje was
di scarded and rﬁsbcsef’cnel%lcﬂm(egﬂlﬁ%m W%épgg%?gfpl@gﬁﬁs CETeRgLt in 3%
resol ubilized B\g;zuo2a/omhmtﬂ)@(ﬁﬁdmte@@u@aﬁﬁemgérata?ec Fridiard Bnt{PoBies esuj M t h
constant agitati on §650 . The sarrgl e was again centrifuged and the
supernat e di sc@ild )V‘Fﬁ‘é“}% qt@tw%@ers dasopy inj 3%o Rt KEh-Nisles B3Greang/ m
NGF) sol ution ] | I owed
by triturati on%ﬂ%(i]&]ltﬂ 'Til {( ?}(33 gegéﬁ%%%{@éé’%ﬁa%gﬁf I%g %Q‘g% f@%é’& garrpl es

were again centdldcd Wekls anc 1h¢u®aﬂeéwﬂhtthm@c@ﬁiab@tmba@ribr[ﬁmpﬁjwed in 0.5 m

NBM+I\/C(50n m NGF) so The cells. were diluted to a final
concentration® ‘? el i]%?élaglé ﬁg‘:ﬁf"ere‘ﬁﬁ@kl%‘g‘lnll ‘HHE0dhsseHdn fiBP &1 1@aded i nt o

a 1m syringe pntfds avadReia P inaeMse coplifl BEN SIS GhacRbd b (WRiIRENOt
divider was filled using the syringe (to a volune of at |east 50 m). The

Canpenot charrbtéﬂdlwés', P%@tﬂhapwmwmmlgﬁtﬂuamn@w Gzarﬁ smred\m4°@ Retg&s0 ng/ m

NGF) sol ution nas the ¢ nte rease.gate was
renoved. The outer en |ﬁtr1t1?%:aeelse 183?/ r?gg tgﬂfgﬁ%ﬁerﬁ?“%bwast hr ee
days with 2.5 mesmmagedwadmdmumt(omtdmsz&mwlrﬂodw%)wemfter five days in
culture, one distal colrrpartrrent was washed three tinmes with warmed NBM + MC

(no NGF) Results
These studies show that the inhibitors are protective even when added several

hours (3, 6, 9, and 12 hours) after NGF withdrawal (Figure 11). Axon score is a score
of axon health on a scale from 1 to 10 (0 = looks like anti-NGF control; 10 = looks
like NGF control; 5 = looks like kinase inhibitor when added at 0 hours. The
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 uM Yes (5) No (5)
2) EGFR kinase
inhibitor AGS5S 10 pM No (4) Yes (4)
3) p38 MAPK
inhibitor SB239063 30 uM No (3) Yes (3)
4) CAMKK inhibitor STO-609 15uM No (1) Yes (1)
5) JNK inhibitor SP600125 10 uM Yes (1) Yes (1)
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solution. After the third wash, 500 M NBM + MC (no NGF) solution was added
to the axon conpartnent in combination with either 0.5% DVSO or an

medi um (vvlth ‘aglﬁﬁl‘{) ng either 0.5% DVSO or inhibitor. After
28 hours of an“T o hLh RS> 8YPFA/ 30% sucrose sol ution (see
above) was added di rect to the culture nediumat a 1:1 dilution and

i ncubated for 30 m%@@&— The Teflon divi der was renoved after the first 15

m nutes of additi Ortham%ﬂﬂﬁﬁgﬁ%ﬁgﬁ
i mrunost ai ni ng. Ne
m nutes. The pri mar(;anthoth:haiylbémwlere(L@ed/mfoﬂl)erwaﬂyzaadﬂmj)onMSade‘nmﬁadl adi [ ution

of 1:1000 in PBS, cont a| n 2% BSA_and | ated overnig 40C. The di sh
was washed onclg]“\m ‘t“ﬁa atondp Kejapple gnt aB“tPSWt(CK‘PIB g%@’é‘ﬁé@“éﬁﬁ‘?ﬁ nouse

anti body (I nvide@erhl a%@n'“‘al @zqgl%ﬁnﬁﬁts 2k pBahit G isthubGoh &floélailggp mé@tlega{?oﬁsp‘ in

PBS and i ncubated for one hour roomtenperature. The d s washed
twice with PBSseediighra12and e22 ZWﬂlf@le@f sNatpR(wmromﬁ(&h@Iéd@ﬁEZ(REP}EﬁENCE

PR4267R1- WO ATTCRNEY , DOCK . 50474 f fluoromount G
(El ectron M crsgg {POES; %’W@éll\loene’?ﬁgn hselﬁ? g ﬂﬁpéo‘iff?‘g%‘ﬁﬁofg??o@f Sise of a
fl uorescence rrngm@gqgmm sults As descri bed above, 3.5 DRGs were

i sol ated and grown for ays in a Canpenot chanber. Flfty ng/ M anti - NG
was added to the e%&u@l&ﬂﬂi&l_&&éﬁ conpartment, with an inhibitor added
either to the axon t t he
cell body conpart me](r%%i HP&M ﬂgy%gg%% ‘é’&dgfrb Qﬁo 8%8 1ﬁ98%¥2mdf\91|p "3g

ener a
hours. Anot herthaxo]&amofmrrésmm SIOES, M1ﬂérawa&dh¢msohﬁﬁ iaNoghoaiit (Gddax AS

shown in Figu 6,, when cel] bodies were exposed to SB415 (GSKi)
or Act D (tr a&?i’?‘iaﬁ’t”ie%ﬂs ffH‘Pn‘f‘ %‘il‘f BYigyy Tipied AV kBl 1%?‘8“*@%}3‘6%‘&8"‘%@%@555

(EGFRi) or SB?\ﬁa?er( %&b&ter) BNOBLHEP liMREs, Ald N aiflufledRirod@generate. In

contrast, SB415 of Act D (transcription inhibitor) in the
NGF- deprl ved axon @\é(ima&mnemt(S ngmIAGSEHle(fHER[ Water [nSBREen)(wB8idjed toeat ment

D, el oo O 1 L, STL SROeeL LA, | Bugapel O

segnment bei ng 3|7€IS,tf‘oll($v0dfmo3ﬂ tBirlsésdh SN RetT0Sk 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
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
temperature, overnight at 4°C, and one further hour at room temperature; the solution
was then filter sterilized, and 50 ng/ml NGF (Roche) 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,
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

NBM + MC (25 ng/ml NGF) solution. DRGs were detached from the spinal cord
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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
sunmary oWoanmvmd%eneration data from Canpenot chanber ®CT®bI09/061733

Inhibitors in EN%li' Eﬁﬁf%rrpartmsnt t Cell Body . .. . . . T U

Concentra J Ta{ bd@rewdPnpart - Axon Cel "l ul.ar IC5 -tion

Conpart nent nment Transcrl ption inhibitor Actinonycin D 15 mM Yes (4) No (4)
Prot ei n synt hegitlsa $t®‘h@§@ﬁh e MBMVt %lwyatnqbrg%plpqmvtﬁsmmd tPmEtveasone

(5) Mo (5) 10 BRAS ﬁ%‘%l%”l S g R Wk ooy B8 deBliomEa@EER 3, 16 Y50
Yes (1) No (I)sel:dsndehahmaipeﬁhﬁozb@srdlsZﬁﬂé’cB&d& (I)ﬂ%‘feﬁ)s(n&)DNQ (&03()) vlarstaadéd nase

AG55 | O No_(4) . .Yes (4) . inhibitor 5 nM PDI 68393 5 1) Yes (I)
100 nMt p38 NABR neHﬁ.vatreﬁol@ﬁ%@%@ agnpw%lwyaw@e% 3(7%45 fay, 1§5“1HWES withiv No

(1), %52 () R TR0y Sl G ESAIRL Y.

ATTORNEY MWSMedSWWpdlBQQMSuSpended 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.
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
removed. The outer medium (cell body compartment) was replaced after three days
with 2.5 m] NBM + MC medium (with 25 ng/ml NGF). After five days in culture,
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
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
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
Tyl (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
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JNK i nhi bi tor SP600125 5 nmM Yes (l) Yes (1) (Note: 1C50 information in
Table 7 is from published sources and sone val ues were generated with

non- neur oNel20mal4B44bypes) a - Cross et al., J. NeurochempCTAS00p/08433 02,
2001 ; total GS¥: ReAGlENGE ¥rPY-EINWYi tT0 peptide assay in cerebellar granul e
neurons. b - Kyr@aing pocEso. stiptlbowisad. ScL U. S. A 95(20): 12022-1 2027,
1998; heregulin. inpduced. tyrosine phosphoryl ation_ in MDA-MB-453 cells. c
-Bose et al ., ‘I'ﬂrﬂbggo Né%|ﬂ_u9wggalpt @éEleE].r@. Micrasgapy ¥ienggs)3 The pRIOSIERE  pr ot ei n
tyrosi ne phosph@yh&ttyaRe bl Alcteddehcd migldsoped - Barone et al., J.

Phar macol . Exp. Ther. "296(2):312-321, 2001; LPS-induced TNF-al pha
production in humaResltsocytes. e -Tokumitsu et al., Biol. Chem 277(1 8):1

5813- 15818, 2002; K activity r,Aonomycjn stinmul atiop.in.transfected
HeLa cells. A nnde%lsg%g%ﬁ’egﬁb%ivﬁt E?{% g)rlﬁc%sh%ergzs? ?H@ﬁ@%"m %&gd%&}@ i s shown
in Figure 18. @medendi dhamyers Fifly £S5 mS BAVWRGH Waada&l {o thodipesmenreabed smal | er
when NG- was renoved fromthe axon conpartnent (Figure 19), and that nmany

of the neur onsconpeEmEyt, wep an wbibiior agger citherdo dleaaoreprepesimpobtaeethsosithi ve and
h d | i i F t udi h { GSK3
showed nuc eartggggﬁea?@%agg,e%g%&Hrb%dggg%m%ew%% S ID RSN

(Figure 21) an actl S pedk ours a
wi t hdrawal . BExdegpleeat&fochdhaes e Aingéti axon @dmpartmpai nds martdinddas P a0

Particul ar Phenotypes of Neuron Degeneration Wth conpounds jdentified
above as bei ng°08€¥1|- 4390939\”}1 Khi B1ies | S andsky ydeqp egdldbqdiesveeragtpropsd(te SBAder i pti on
i nhibitor)) appisikgfta: iyt ibi AR 1Sd &4 axon
i nhibitors (AgSSS (é@&%gﬁ%hé%%fé}h(bggg%r) ap%%%?v%rg xoéndstfa (%%5(% |y
deprived axondEwdRe) aibde89 éub8wi axons dgped of NG alidmdtidogenofates dn icamsist, i es

using the Ca Sﬁxer S descri.b g agov%%\@.@; rge nunmber of axons
with varicosit e‘@%_(é v rlAcggj (%Igﬁﬂ%%%aﬁ_ PO '@%@&?@@@M th the cell
body i nhi bi t orendptit@eiteor28;s S STHREGFRS Pér IBMD ph389Y BeabiMBLLE BMEBodyar | COsi ti es,
and the axons appeared to proceed straight to fragnmentati on upon treatnment
with those i nHoBIPaGIENt( fajl fogpregnt dephrasetion, suggesting that signaling in local axon

degencration 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.

Table 7
Inhibitors in Axon vs. Cell Body Compartment

Concentra Cell Body Axon

T . . ( _
arget/Action Inhibitor _tion Compart Compartment Cellular ICs,
ment
Transcription
inhibitor ActinomycinD 15 uM Yes (4) No (4)
Protein synthesis ..
‘nhibitor Cycloheximide 5 uM Yes (2) No (2)
Proteasome inhibitor MG132 0.5 uM Yes (1) No (1)
GSK3 inhibitor SB415286 30 uM Yes (5) No (5) 10 pM?*
%SKB inhibitor 30 uM Yes (2) No (2)
AR-A014418 20 uM Yes (1) No (1)
Ih channel blocker ZD7288 5uM Yes (3) No (3)
ErbB kinase
inhibitor AGS55 10 uM No (4) Yes (4)
5nMP
PD168393
5uM No (1) Yes (1) 100 nM®
p38 MAPK inhibitor SB239063 30 uM No (3) Yes (3) 0.35 pM*
5 uM No (1) Yes (1)
CAMKK inhibitor STO-609 15 uM No (1) Yes (1) 3 uM*®
Ademylyleyelase o olin 3gM Yes(2)  Yes(2)

activator
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observations indicate that EGFR and p38 may be upstream of the formation of
varicosities. Mtochondrial dysfunction and bl ockade of axon transport were
st udi ed WOR0@BBK844EGFR, and p38 inhibitors. As shown i nPETrgise@9241733

functional m teoahndRERCHEFRRZOMRISVYEed, but none were elongated.r/v i i _GNE
REFERENCE: PRAGORNE WD OEKEDR: ¥0424036D2NO. 50474/ 020WD2 I nhibiting GSK in

d I: di i | t hrough ¢ he cell body does
ot occur nad s Eay o o S AT SBAs o Yoty delayRd degener ati on
ft | esi on, Iphi:hiting . irect f n_t.,he axon est
" kely ¢ hr ough 2! _ﬁ’iﬁﬁﬁ%@% ¢ PR b Retsofe B B RS PR P e ect

i kely contri hut the,, ( e I ( V&S after gl obal
NGF y\/lyjt hdr avva%lssa ﬂstit:iﬁgaz%ggleg ur%%%%quﬁqts (%é{%ga_ﬁeﬁﬁkggatﬁmgg{)égvﬁ? 8" %Be nmore
Sl gni fi cant (%'%gag,@roc.,z 'Jchc%&?z] b'X“’A 9_{( 3%56%2@30?]{ @%?eg@lfntiﬁdfuc | obal NG-
wi thdraval apReass hphsy i GPemdenh. Q8 (yie rol'e of “GSK in~neuronal death
since the GSK MikOLLOTP-h] MK aCaP X0y S90RARKTS19B A0 Hobfh-Black cell
deat h (Fi gure 28}hnorfeXRIR £ri30ads Qingct i on Against Peri phera uropathy in
Patients Tar CeVadigne eei.| OPhdRdor! iSp 8 ESd K 51881€ 401 i B h&@lced THEALENT  Of
patients wthpg@ggt;ogmk,a@ﬁgn&%ger chenot herapeutic agents I's kno to | ead
to peripheral enerok@miatBdal(J &Y @Wed J70(1¥Y 155851 55P€BHM: CANRR activibfr 23(3) :
162- 173, 2007nombadt iBfMiagiot heahedeWea @ gonbi nation of Tarceva(r) and
paclitaxel showed significantly |ess peripheral neuropathy (p=0.012;

Fisher's exact), as conpared to a placebo + paclitaxel group (16.3% vs.
26. 4% of pati ents; Ampdgl b4@0 opdntadminsthe nerotdsaldscribedibyose $s shbwo dmfignreadver se

events). Examplke,7.Anal ysis. of. EGER Kinase.Levels in an phi ¢ Lateral
Sel o obi s (LS ResHEIRSlulied et nEpociesabpatsbiiy SR G Ry er ety
debilitating agdofedifdim Meukafesgnenhi ek sHASR thithanpat hehesyndf which is
characterized by |oss of notor neurons. Simlar pathology occurs in nouse

nodel s of ALSIe@HY demived ofEhtwaneleqygd caspase-3-positive and showed nuclear
condensation (Figure 20). Further studies show that GSK3 (Figure 21) and JNK

(Figure 22) activities peak 6 hours after NGF withdrawal.

Example 5

Characterization of Compounds with Respect to Particular Phenotypes of

Neuron Degeneration

With compounds identified above as being cell body inhibitors (SB415 (GSKi)

and Act D (transcription inhibitor)) applied to the cell body, and compounds identified
as axon inhibitors (AG555 (EGI'RI) and SB239 (p38i)) applied to axons, locally
deprived axons were observed with respect to formation of varicosities using the
Campenot chamber assay described above. A large number of axons with varicosities,
as well as fragmented axons, were observed with the cell body inhibitors (Figure 23).
The axon inhibitors showed fewer varicosities, and the axons appeared to proceed
straight to fragmentation upon treatment with those inhibitors (Figure 23). These
observations indicate that EGFR and p38 may be upstream of the formation of
varicosities. Mitochondrial dysfunction and blockade of axon transport were studied
with GSK, EGFR, and p38 inhibitors. As shown in Figure 24, functional

mitochondria were observed, but none were elongated.
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t he Superoxi de Di smutase ("SOD') gene (SOD(&3A)). Phosphorylation of the
EG- receptor is associated with axonal degeneration. EGFR levels are
altered iwo3@@8a4) mce, and an experinent was perfor med/useodosEsi ne
whet her phospt@ﬁyﬁﬁﬁ&@ﬁh%lﬁoare also altered in SOX(G3A) mce.

Spi nal cords fAERRNNVDOEETSNS6PHovwasyd non-transgenic littermates were
cryosectioned (20 hlc onto slides and stored at -80 0C. Slides were

t hawed t oGNE REFER UnpRASGIRE gy RSeSKET WRese stpalng hrogiter oom
t enperature angy Slides were
bl ocked i n hydr ogg%r %;ee‘réggﬂl %&g&’ﬂ(i%s aﬁ%o%ﬁudé%rs)ﬁﬁ%}tﬂgﬁ%ﬁgﬁﬁ %htryl e‘% hen were
rinsed tw ce idegPBRSitibonltsr lmlmutsegﬂlpaungﬁ}ﬂﬁéhaﬂ dlch&Seﬁfwtenmglhed ntost ce in
PBS-T (PBS contajning 0.1%.Trito for m nut Sl i des
wer e bl ocked nﬂ(elﬂgé‘ g%}hf%l? hf%’ﬂ“@g/ﬂﬁ@f) H“ﬁoég/‘ﬂ?r“ﬁ“@ X l@be’%%t P‘E‘Hﬁut 1 hour
at room t enpercahtiibtes & thaBBlh¥ inBx0R Ab@RaatiGNEbseR B FRRYITENET EEaRWRI I Mary
anti body (Novus BIO|OgIC&%ﬁL was diluted 1:500 in 1% BSA and 0.3% Triton

XI 00 in PBS arkitihseelsal 6§KAp imtheisell bodyorppeasy orhsimgre signifivad (Fighes 25).i des were
washed four tlgﬁ@ t h, A.bioti at ed goat
anti-rabbit secon a{lrgl;}fgg?t %{O élétag[?r ‘gﬁaf?ﬁ)ﬁr %&r?%%l g S%% in 1% BSA
and 0. 3% Tri t dndegkfdeni of t%lmmsmwmtcﬁﬂl Wdathhsilide@hsGRRashibigdr bBitked nut es -
1 hour. The slides were shed four tines in PBS-T for 5 mnutes per wash.
Washed sl i des &%e} egeﬂ%ra%%m’clalé’ﬂ didpoablogk relhdesth Figsidex sol ution (Vect or
Laboratories) for 30 mnutes at roomtenperature. The slides were washed
four times in PBS-T for 5 mnutes per wash. The slides were then incubated
with a peroxidase $ixbspledt e (Di am nobenzi dinc (DAB); Sigma) until the
desired intensity 0 . 0 sed in water, coverslipped,

sections of spinal

[ ins : {h
cord stained with E%va’@]tdﬂ@ﬂﬁ‘ib?% anlEm&@maééhﬁ{ls@orE%%nh&ﬂ%kﬁrad@ﬁ{s%th
increased in the SOD mice, as conpared to the control mce

observat i on sH8uochand erRhrphs@PeisiaBents shnewy thleadmsfiphdrall in t he
treatment of lm%obe%ﬁ‘/ anewémﬁﬁéss llq e(%%co?lNu% lég %69%7?%?) %’Wg Iﬁ; wer e

al so carried o Wer e war nmed oom tenp ture th an
| mEdge pen, hedediéti ampmbinatidd oft aﬁbletv@”ﬂ Ipedltml Hﬁ&edklghﬂﬁﬁhﬂ}elmer ature,
and washed for 2 x 10 mn fle i n PBST

peripheral neuropathy Fp =0.012; Flsher s exact), as compared to a placebo + paclitaxel

group (16.3% vs. 26.4% of patients; first 400 patients enrolled; analysis of common

adverse events).

Example 7
Analysis of EGFR Kinase Levels in an Amyotrophic Lateral Sclerosis (ALS)
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
receptor is associated with axonal degeneration. EGFR levels are altered in
SOD(GY93A) 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 pum thick) onto slides and stored at —80°C. Slides were thawed to
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at roomtenperature. Antibody bl ocking was carried out for 1-2 hours at
roomtenperature (5% BSA, 0.3% Tx in PBS; (25 ng BSAin 500 M PBS + 1.5 nm
10% Tx) ) .-wBanplsdsder e i ncubated with primary antibodi epComseomght7sat 40C

in 1% BSA, 0. 3541 XEFFRERBS: tEefriBvse, M Ilipore) 1:200; SM 32 (nouse,
Covance) 1: SOOAﬁTORsme(Qa(m@ snpshasvaf ter prinmary anti body incubation 4 x

10 mnutes in PBSTx (0.1% oom, t er at Secondary ant|jbodi es were
appl i ed (Mol eggprgrlergge&g&e aniﬁ’%‘igateglghfggé‘fléﬁyor%dﬂ‘%?s Bt TS Rpdiadss ACBx a- 488;
di luted 1:500 bl6ckédarBRArogen e@bI?&e'(@3‘?3§PB§§‘ﬂ)r%@ﬁﬁB{n%§ N TRn WRcUBgd for 2

hours at roomtenperature. Sanples were wasShed after secondary anti body
i ncubation 2 Xwig inPR§tferss mmUR’B$¢5<rln$n(Sthsxwe.‘r®M$hedILWiCMIG\lES-Fﬂi’PB&ENCE

PR4A267R1- WO ATT NEY 020V\02 PBS. |
nucl ear count €18 almr}ﬁ g wa %%9‘53% oup Ef’rslpﬁm"%] e%ig%so‘ﬁ?fe%@fﬂona

application Ofco%l?imgai%ZBSJéDarﬂm%rl"nRBSXlG@ﬂéﬂbbdﬂlg1%&a@?{f(frﬂﬁ furdM A
Vect ashi el d mounting nedi um (Vector Labs). Figure 29 shows pEGFR remaini ng

in axons in t Habbsaponyckonaiagphopehosfigoh EGRRmanary gritbedy B¥cons Rintesigals)
e oases oy S ailuasPona ) 6sh oADOIs AR, RI0D LPrpd pfRinb GG iR LN

axons in SOD -tg ani mal’s axons~ are ransgeni c m ce as
conpar ed t o nohidésravasgniaci®Coihe elides vandwanshay faik tidde i BB®RITTHND) aXars ar e
i mrunor eactive for Cf E[x nple 8. Pr tectl n of Cerehellar G anule

Neur ons from $&f WPﬁhDéj 1oy BN REDRE SPORS ?rﬁ&%@dyﬁéﬁ‘é‘?féraéﬁ W Ki nase

i nhibitors (i nfiyRidtiorn® iRf o FKS and N9 ﬁ%ﬁm@@ﬁl P@S‘Qn&%%ﬁéled%{h%é %%&egd for

their capacity to protect cultured cerebellar granule neurons (
fol |l ow ng ser Um ﬂblpmuv?at il dlnK Jhersbdesovdro wastBd ifefr|times GERBS{Tsfok étmanlutésr om P7

I
SIS SR ER A R T TR

i ncluding 29 mibiiGtorief)dorl WmmBRY ablood/tbmphblues. Bt sNA ert Wahell tslir@imege! | S
were switched to "deﬁaﬁl vation" nedi um (Basal Medium Eagles including 5 nM

KO ), al one orid PRSToikS mapnenpshiveash.y Brq didss wergltheniasubaigt svithienbidass as
shown in Tabl %ugstraéf(b?z[mlﬁobenmdmc (DAB); Sigma) until the desired intensity developed.

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
may be beneficial in the treatment of ALS in vivo.

Immunohistochemical studies of SOD1 samples were also carried out. Slides
were warmed to room temperature, outlined with an ImmEdge pen, hydrated by 2 x 10
minute washes in PBS at room temperature, and washed for 2 x 10 minutes in PBSTx
at room temperature. Antibody blocking was carried out for 1-2 hours at room
temperature (5% BSA, 0.3% Tx in PBS; (25 mg BSA in 500 ml PBS + 1.5 ml 10%
Tx)). Samples were incubated with primary antibodies overnight at 4°C in 1% BSA,
0.3% Tx in PBS (NF (mouse, Millipore) 1:200; SMI32 (mouse, Covance) 1:300)).
Samples were washed after primary antibody incubation 4 x 10 minutes in PBSTx
(0.1%) at room temperature. Secondary antibodies were applied (Molecular Probes,
Alexa conjugated; Donkcy anti-Mouse Alexa-488; diluted 1:500 in 1% BSA, 0.3% Tx
in PBS) and samples were incubated for 2 hours at room temperature. Samples were

washed after secondary antibody incubation 2 x 10 minutes in PBSTx, and 2 x 10
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further 24 hours in culture, the neurons were fixed with 4%
par af or mal dehyde and stained with a neuronal marker (anti-class |11
b- Tubul i fyOCowamssy. | mage acqui sition was perforned usiPal/ush@olonergeXpr ess

aut omat ed i MagL-OE s, ( laf Devices). The plate set-up used is
summari zed | n%ﬁf&ﬁf}%@fﬁ@%ﬁ%ﬁﬁ@N@ PR4267R1- WO ATTORNEY DOCKET
NO. 50474/ 020W02 JNK i nhibitor = SP600 125 CAMKK inhibitor = STO 609 EGFR

i nhi bi tor = AGMEHESBES. Citpplyorucleasppuntugggingares camiil Bt dwing thegeand2 g6

Col ums 1-6: k = R 8 - 12 . ity = 2.5 X
| Ovel | As shg@m%qslhibg%g? %JS%{%“ %%‘,)AFLe Ki hdé)ggﬁ ?ﬁﬁ?%ﬁ%&%‘g &Vgsreéeahf‘%ﬁn Witk e

ef fective at pYatasbicldgoutieg @Eint (\artcdégeneration, simlar to the findings

in Exanples 2 and 3.for : le 9 Protection o i ppocanpal Neurons

from Rotenone-lndu?@%@%@&%@?ﬁ%@ﬁﬁ?%‘?%@? %b‘i“? sA®f  GSK3,

INK,  EGFR, p3&hoahith R Mgtve, nenGuhdel @drd Q% it BODN £ 3RAQIHH, Lt PEOFECT

hi ppocanmpal neurons from rotenone-dependent degenération. The assay was

performed as froktiadwso-1qjatizgs, with gpocarfisdD 1 -teanioas. Weuseaxtins sedoedn SBPitef | y,

El 8-E19 enbry, re renoved from anest het.i ze regpant rats Laced in
gen SR E e St S S hE tor RS Col g

Petri dishes contai lrl(imnlﬁegso?oéll

HBSS. Enbryos exen€art anduesedctioatdrPEGFRSacs and placed in fresh, cold HBSS,

and the brains were isolated and placed in fresh, cold HBSS using standard

t echni ques. The hi ppocanpus and cortex were isolated fromeach enbryo, and

the brains were cutE%%@gjetgal ly in half to separate the hem spheres.

Remai ni ng cerebel |l u i stem ol factory bul bs, non-cortex ventral

underlying tissue, Pastdctionef Cerebelipe GraveileNceromyvigsn SEinen ]h'emb@fiam‘ﬁicll)mere _
tube on ice.

removed fromthe r i ni ngI i ssye and transferred to a 1.5 n ti
The corti cal tissu@ﬂ%@@—?@%@b&gﬁl@—a&—w 808 eparate 1.5 nl tube on ice. As

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
medium containing serum and potassium (Basal Medium Eagles including 29 mM
KCl and 10% FBS) at 37°C. After 24 hours in culture, cells were switched to
“deprivation” medium (Basal Medium Eagles including 5 mM KCl), alone or in
combination with various small molecule inhibitors as shown in Table 8. After a
further 24 hours in culture, the neurons were fixed with 4% paraformaldehyde and
stained with a neuronal marker (anti-class III B-Tubulin, Covance). Image acquisition
was performed using the ImageXpress automated imaging system (Molecular

Devices). The plate set-up used is summarized in Table 8.

Table 8
1 2 3 |4 5 6 |7 8 9 10 11 12
A | Positive Control SmMKCl+1 uM Positive Control (29 | 5 mM KCI + 1

(29K Cl+serum) EGFR kinase mM KCI + serum) uM EGFR kinase
inhibitor inhibitor

Negative Control (5 | 5 mM KC1+ 10 uM | Negative Control (5 | 5 mM KCI + 10

mM KCI) EGFR kinase mM KCI) uM EGFR kinase
inhibitor inhibitor

SmMKCI+5pM | 5mMKCI+30uM | 5mMKCl+5pM | 5 mM KCl+ 30

JNK inhibitor EGFR kinase JNK inhibitor uM EGFR
inhibitor inhibitor
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much HBSS as possi ble was renoved, and 1% Trypsin (Hyclone)/0.1% DNasei GNE
REFERENCE: PR4267R1- WO ATTORNEY DOCKET NO. 50474/ 020W02 (Sigma) in HBSS was
added t o wheor@nasd4ni ng tissue in each tube. The tissuesPags2@a0bi7es oken up

using a fire- p@hﬁﬁﬁﬁ;ﬂ@j@eﬁ@m{[t\%ti ssues were incubated for ten m nutes
at 37C, with tepprgydodkeEr XolBese0evoz two mnutes. As nuch sol ution as

possi bl e was renpyedFframthe—ti-ssues,—andthetissues—were—each-washed
with 0.05% DNas CUEL Ut il SV EEL+ Qa1 & MK ?f??t‘%fﬁ\'%%‘?ﬂfé. 05%
DNase (Sigma) ahot inabior o 4 RR8 nkbiar ¢ o) [ INK jplibitgn ¢ ¢ | M pd8 intifufer

pi pette at 2/3 B% my 9“. fi;5 ’ﬁ'{ﬁci\lﬂ% pi .CETQQLW‘S{ b l}é[.Kq’ﬁéOsarrpl es
were pernitted o WMIN A dniibator ¢ \gcs. LR s  of {10 mbitan, ¢ pd O P8 phibiton g
were col |l ected (t ]}:iy%lgttl ) ¢E+?ﬁ Msuém%i}t%as 8] 1;&‘63,\9{& tth a
pi pette) and the L EL LT P pitorng L WVL BI8IRRIBIIG was

3 henpeyrtorerer— Ndd et oh
perforned on the " ppo%@éﬁ%ﬁ& nss?&gg} v "Mhe S ad Ondnber
of cells (0.5-1xl . S8R i on) © e8It gdMhSK3
centrifugation.—As AR of ¢ he louner pat apt selutionas—poddPBHE  was rdmoved
and the pell et ed FRN KOl 4rAth ¢ B mHeClies & r &2 AT i S2OMKCHbah
tenperature nucl epf¥ceAMKISol uf POhGPRAaxa) . EaMHCAMItSpenditdh GRS added to
pre-aliquoted h- aihiyor GEp " pdkdrimr AFP" DNA| {mhdfdtong per rlumbibigord t apged
gently. The m xtures were transferred to nucl eocuvette wells of a 96 well
shuttl e pl at e,/NEndibitére SPP0At2e was i nserted into the nucl eof ector devi ce.
Neur ons wer e rifefigonbibitedS1iB¢%¥g a preset Amaxa program CU 10. |nmediately
fol | owi ng nuclépRe .tbitifﬁBAGlsé@ mM pre -warnmed CNBM (10 ml B27 (serumfree
suppl enent ; | br ﬁ’ﬁ:@ ,82 ?gj'%és | OOX Pen-Strep, 5 mis 100X G utanmax, 480 m s
NBM ( neur obasal ™ mredi um PAtA rogen)) was added, and the cells were
subsequent |y ploatfdh-aten@edgnss L ¥ 9f 70,000 cells/well in 8-well PDL-coated
chanber sl i desconheir 2n&I WL -@sawWiafedr 5- 14 days before rotenone addition,
wi t h changes of nmedium every 3-5 days. Ten mM rotenone (resuspended in
DMSO, W) was added to neurons in the presence or absence of vehicle or
experi ment al conpou¥dgown in Higgre3Quthe kmpsednrhibisers msreefonnitiiotiesfiectiveat ons wer e

fixed in a solyi.qn,Of. ANGRLAN SLIRLAGRYISAISN SUGLASS of Blardeld B £5 2

U

room terrper at ure. urons were e (0]
for DRGs.
Example 9

Protection of Hippocampal Neurons from Rotenone-Induced Degeneration

Kinase inhibitors (inhibitors of GSK3, INK, EGFR, p38, and CaMKXK) were

tested for their capacity to protect hippocampal neurons from rotenone-dependent
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
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
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
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and nouse anti-Tujl antibody (Covance) was added at a dilution of 1:1000
(in PBS, 0.1% Triton X-100, 2% goat serun) for an overni ght incubation at
4C. Neur owe 20sy@ssashed 4X with PBS and goat anti - nobusePpamiisbadperzonj ugat ed

to Al exa- 568 (&@K@Eﬁm@%%ﬁtw@ dilution of 1:200 (in PBS, 2% goat
serum) for 30 m]ﬁjﬂmp 006, s¥eh8209@ N washed 4X with PBS and nounted on
slides in Vect Shl REFE PR4267R1- WO ATTORNEY  DOCKET NO.

50474/ 020W2 %&W@é‘?&“ﬂ&ﬂg)‘lg tagye ip garhdpke. e dsyieg Ware zed

with Tuj 1, ar%cl'l Bﬁi)ké’ﬂ %‘@élnﬁﬁe%sﬂﬁrﬁpeYtks 4Rk 1i&GEL Wit lfhc%el?ed fFeahown in

Figure 31, the kinase inhibitors were tfound to protect hippocanpal neurons
f r om r ot enone-mwpeadeht’Cdeijle teppiagiodthe t@exievay twe miiues. Wemauchaputiedaout with

cortical neurops,.and showe ortica urons are als cted from
r ot enone- deperPd’gﬁPledvééé%?vggf8W%%ﬁuﬁ%§8 fhﬁ Bt 8P peh 56?%8‘? Ef’% EBxanpl e
10 Vi sual i zat i DRaef(SiziABsFR@ERPIRE s@iiplAXABE tridratddSiH Bl 0528DRaQBSIReS Rb Ak
expressi on on axons, DRGs were cultured as descri bed above for e screen.

After 24 hourszoé?wghé%bwftl@efplll%“ﬂ%éﬂéﬁfﬁn@léhﬁypla@éﬁa’ié/wwt@@%ggﬁcrose tod
| t d t PBS Fi xe
ol | o' vero i ndibehed placke BBl RRalS TG yRLh 5R LB R ISe o e g R, et

and then i nculﬁteﬁdhmh @iendugérhathuits a%easneatm EBSicbtis é’&ﬂe& dnll theMRpérahthwARg

ant i bodi es: ng/ M anti- EGER -5, Genentech), (2) 1:500 anli -
ErbB2 (Abeam) I%Wgyedz‘ﬁlt%l‘“ﬂ??“eéﬁ?ﬁl tlﬁrcsl@swilswg@e TehasERTIeteEnd (4) 1: 500

ErbB4 (Abeanm). Cel hcyBEiRtdRSREskrfoXm¥d &bm%’%%aatéd%}éﬁb%m Q%eﬁﬂaﬁy%éf@”r"“ th a

fluorescently conjugated secondary anti b VI troge oom
tenperature faghe %lrnd nuhles of vﬂlshi@d lkkowetlhpé?aﬁcboﬁottmnmmg: idaehby 33258 ( 1

fm, | t fi PBS sh | th 250
T Ot E tor ondeREtieafint. it Par 1A B St apy e iR PO Sh SR A Rt &35,

ErbBs are det %ll@t@d 881l sROAMEch Yube FWBANRCHE QG D& 0N M roﬁ&@e&t&é
Characterization of EGFR Expressed on Axons by Use of R Li gands

Experi ment s welgleezetioneglusign (Amayss Egeh lteﬁép@fo(@cw agdledde tprar@ltqugwd 8 EGFR by
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
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-coated
chamber slides. Neurons were grown for 5-14 days before rotenone addition, with
changes of medium every 3-5 days.

Ten uM 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% paraformaldchyde/15%
sucrose for 40 minutes at room temperature. Neurons were washed once with PBS
and mouse anti-Tuj! 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.

Neurons were again washed 4X with PBS and mounted on slides in Vectashield

95



| i gands, including EG-. Materials and Met hods Dorsal Root Ganglia (DRG

i munobl ots were prepared as follows. Primary cells used in the experinents
wer e Charwe=0Ries46CD-1 El 3 Dorsal Root Ganglia (DRG . PThmasc@bios1oer e

mai nt ai ned i N & RAFeKENCESPRGETH.WGF) medium (Hamis FI 2 (23 m), N3

suppl ement  ( lAdeNEgzlmmﬁonoWhmﬁ)fwdd\/l gl ucose stock), /25Qn9/ mGr Ner\éer/i

i | GNE REFERENCE.. PR4 V\D ATT Y DOCKET NO. 50474 owt
Factor 2.5 S, Iﬁﬁlﬂg]é‘g(rﬁﬁ %ﬁ% DB I A o = (11NN 5 2 "‘?js“flg’cﬁuy% dng/md -
8Q0C), which V&ﬁ&wfdubltri%ﬁro%%fefédl%ﬁﬂzé’élrwlﬂ{GFP use). The experiments al so

enployed Triton lysis buffer (20 MM Tris pH 7.5, 150 nmM NaCd, 0.1%
Triton-Xl 00, 100x ProdpwatmEiguieri thiekmascioblbitaisiwere (Oaddim:prmeetsh) 100x

i added fy 10 nl P
i bi tor ¢ abl B ABRERE by o ep@ES s et PO lan ufeni o

Enbryo di ssectdaaitsl ovewth catichleduout, ahi shdwed R dortital (@indaest hRD piAQal Wer e
soaked in 70% i sopropanol, and di shes were set ugl'ton ice: 10 cm di shes (4

embryos per di &My rolerpnedepandenndagesrration by binaslinlsbitefs {Figwe 325 spi nal cor ds
were extracted into DVEM + 10% FBS. 5x 20 DRGs were detached fromthe
spinal cord. 8 well slides were filled with 250 ml N3/F12 (25 ng/m NG-) +
7 mM cyt osi ne ar abibxasiptbel0 Approxi mately 20 DRGs were placed in each well
(five total), and a\}t ?hment IIovved for about 10 minutes at room
tenperature. On da IGEY FHEEAROFONB/ F12 + 25 ng/ml NGF. On day
3, ErbB Iigands verg agggs: Er%%qse@,pt&QQpr@mdﬁionasibﬁsum(}snwe?&m&&rml 10) for
30 mnutes to 1 hour (SQ water (control); Bl ); Neuregulin-1

(ErbB3); Bet a-dsedribail pbpveterihe 1dre:|e)n Aty %gqmrs nfgrEWBBCstZWere fintd byNGHiInE25

I m d sl h ht| bl.ot t b
2ot 1ot on of HenrA TreHeaSES pufe Wkt T RES DTRR ofChe e 0%t oY

PBS, and rermvxallth PBS aFilxedPBHs Wk d eSS R S YABOA aid 0.DYATRbLART (08N PBY fof
ki mvi pes. Cells were lysed with 40 m Triton lysis buffer on ice. Lysate
was col | ect ed,30maingiesdng gienoeupitad pessnight in 8% Bhamn PBS ab4%6 with s at t op

speed, and Su%ﬁ&%g%nb‘%?es k(“t‘?Bo &S/%{?Bnu-E%%le elrjlgn 2%) r&) PEO&anrlrlpl € was

| oaded. The
ErbB2 (Abcam), (3) 24 ng/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 ug/ml, Invitrogen),
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.

Example 11
Characterization of EGFR Expressed on Axons by Use of EGFR Ligands

Experiments were carried out to asscss the effects of activation of EGIR by
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
(23 ml), N3 supplement (1 ml), glucose (1 ml of I M glucose stock), 25 ng/ml Nerve
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sanpl e was prepared by adding I x SDS sanpl e buffer and NuPACE reduci ng
agent (10X), and the lysate was boil ed. Sanples were fractionated by 10%
SDS- PAGE watzo2asMel t s) (run for two nmenbranes) w th stamrdarusgood/odizad MAM 1

m and 2 nl spiiekeRdY sRber.wHe gel s were blotted using the iBlot
program 3 (N tAPe&HNEY 8G&ET R0 God7 8200t was cut at 98 kDa. Thebt gp
menbrane was bl ocked in 5% BSA in TBST for 1 hour. Primary antibody was

pl aced into 2 O“lgl%ngi'%%’we ¢ i1%&1""‘%@&?&%’i’fﬁérﬁlérﬁ%t?QkP-SQW/&li‘ne HRP
conj ugat e (PY2Qpcil whibnQRQ)hIclBeriklAloridRS W8S e WhdihhBSIsd @lpidea Tl ut es
and devel oped w t% ECL. Thleebottor% trIr)\glrrbr adrélg)swas e#ogﬁee%%isr?%g%&nyigl kri?%r one
hour in PBS. Hysisraufier 42t inybdiiesH vy, é5hndE BdCl, §.126 ititoBZX BBAI00x TBST 40C for

two days in vaguu ag. , The ant] i S re. CS . anti-Prni | GN

REFERENCE: PRZ@@?&E?%%W{%@ Kﬁéﬁ&sﬁ%%}%ﬁw IEEE?“?ra%’B‘I“FEEI42/ 44
kDa) 1:1000; Qaadedifredhil tdbflp0 inl PafredsPahivhior ARt (RBeAfrS@par at e menbrane),
and SC anti-Erkl rabbit (42/44 kDa) 1:1000 (on a separate nenbrane). The

bl ot was washed i n DiSxplants grreprefapadtaasayde dombrap issastivisodsre wasiedideied i nt o
10 m % i1k b TERT 4 00 ARG NGBS ALk MBHE B, ROt Tpergt ur e

(Red (680) anti-ra wer é washe nut es,

and scanned i nupRBScarl0RmQliytgs 6y embdyasper disparidwne Was digli for efin@wbrddy, choosi ng
a background t hod . and standard bands that mnim

. , nize
negat i ve/ countlel®-) P £9e VeI clacted ing DMES 8t g +5 YhbRCemere _
user - defined (4asghedd®dh RELhinal HEd! QWRN sﬁ(hel% el s \wgf Q%Of ﬁlhﬁz/ﬁfwgzg g,gmt I on

standard, the fewer negative values. Results The go t hese riments
was to see if N@GF) vapMeytofindE@ R drydeE@Dprauhatcly@ 0DRR Gs geemlactdintracv e

degenerati on. ho in Figure 34 EGFR is expressed on axons. Figure 35
shows t hat E@ﬁ‘%@gﬁw‘{?@’ﬁgg?@%éﬂ%ﬁ ‘?ﬁsﬁﬁéﬁfﬁé ?0 aﬁ?%ﬁ_ggﬁg‘_n%att "Mise _

degeneration. td@p@ast O a2, Felfialvas ¢BRREE & 103/FRE DY ALIANEEBLPBs in the
neuronal cultures used in these assays, ERK activation was assessed (ERK is

a downst r eam tFgPYdipansts veEgrRyded ADOGKONA Hgfml Adutg inaP@ wiater i 19 fas 3Bninaideli ng
Cer ner eased CRSAERO Al BREL AT M BN YR bl o st
(ErbB1/4); Epiregulin (ErbB1/4); Anti-NGF (25 pg/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
with a pipette tip or kimwipes. Cells were lysed with 40 pl 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
(10X), and the lysate was boiled. Samples were fractionated by 10% SDS-PAGE (at
120 Volts)(run for two membranes) with standards (1 pl MWM; 1 pl and 2 pul spinal
cord lysate). The gels were blotted using the iBlot program 3 (Nitrocellulose), and the
blot was cut at 98 kDa. The top membrane was blocked in 5% BSA in TBST for 1
hour. Primary antibody was placed into 2 ml 5% BSA in TBST for 1 hour
(Calbiochem anti-P-tyrosine HRP conjugate (PY20) 1:10,000). The blot was washed
with TBST for 3x 5 minutes and developed with ECL. The bottom membrane was

blocked in 5% milk for one hour in PBS. Primary antibodies were placed in 2 ml 5%

BSA in TBST 4°C for two days in vacuum bag. The antibodies used were CS anti-P-
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Exanpl e 12 Characterization of EGFR Expressed on Axons by Use of EGFR
Ect odonai ns Experinents were carried out to assess the effects of EGFR
ect odonaiwe 20m/@s44bvati on of EGFR Materials and Met hodgCatsesmwaby3ised in

t hese studies d;@,g:nkmE&QEB],l@&@ﬁgl WL/ Lami nin coated glass 8 well chanber
sl i des (BD 35456B)ENEYIBodacth Mdsedviowexgen 114151 14); al bum n from bovi ne

Suppl errent ( AR aR RSP R T e T bab L onatemens T

17984-25); 24 ﬁserﬁ&am M- S arkor&N s&ubmgoﬁ/w\ﬁoéﬁﬁ&?&)ol@ﬁhseﬁgpﬂ@ﬁlbﬂe@ahe

antineuronal class II'l beta-tubulin vance MVS-435P); Nerve G owth Factor
2.5 S, nouse (M@t waE 36834id0 BSTi far mﬁnsmﬁqsz SegordlaffrantibedyXvab@0dd¢dSntpma

redium (25 i St Ll e B et roeiter (Rid

50474/ 0202 FK%20) ahttiratit) NBheblpRIvaa®Rhshed mlthquSMogBﬂdgaﬁﬁutesz,énmgfamedof NGF)
and 30% Sucr ose/ 8% PFA ésee above} Ect odomai ns (R&D Systens) were
resuspended i ndBSWithOflysseye fmnplicatiopgas pariphentthy choesyyz backgsows! E| 3. 5
enbryos vere %étﬁ&?% aﬁ%&rd%gﬁidsﬂhﬁ%nfng%)n%glauée/&%g{ep rﬂtlél%é Oeguefsoir CEPS, the
ventral region o ryo was opene gans renove scut away, and
spi nal cord ditep/batienl ripht/lcfi nd@r-mdaﬁﬁeﬂcdm& The: Ispemtat intasitsofvhe h DRCs
attached were placed.into LI g} ium + 5% goat serumon ice. DRGs were
removed with &CPERgEETsRndah ge TOREAVE YAUAT ng spinal cord was di sposed
of. 8 well slides \q@gzgtsfllled with N3-F12 plus 25 ng/m NG-. DRGs were
sectioned into halves. Sectioned DRGs were placed in the centers of each
wel | of an 8- chanbdhegbilddé thencleDR@ncne Mas & deewedtivasioatof SRty E@owould

f I trat
of 50, myimi_i rcREciaR ity rloReR S Ba TR of e piGmRRlET "

over ni ght. Ect:eadlifurvas sianhdabattBGH {ikled @f fe@fonk @Widtaingd hiNGF d6@meent rati on
of 50 mg/m . Anti-NG- anti body was added to the wells at a concentration of

25 my/ . EGFRAPSSHiEBIertionchssnshasthaidialissepableefmcirting BGHR/BOBs R as a
posi tive contrQlyonal cultures used in these assays, ERK activation was assessed (ERK is a

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
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.
Materials and Methods

Materials used in these studies include BD Biocoat PDL/Laminin coated glass
8 well chamber slides (BD 354688); L15 medium (Invitrogen 11415114); albumin
from bovine serum (BSA) (Sigma A7906-500g); fetal bovine serum (Sigma F2442-
100ml); N3 supplement (see above); Fluoromount G (Electron Microscopy Sciences
17984-25); 24 x 60 mm No. 1 coverslips (VWR 48393 106); monoclonal anti-
neuronal class III beta-tubulin (Covance MMS-435P); Nerve Growth Factor 2.5 S,
mouse (Roche 11362348001) in Ham’s F12; and Triton X-100 (Sigma T8787-100ml).

Solutions used in these experiments include 25 ml N3/F12 medium (23 ml of Ham’s
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After 24 hours of anti-NGF anti body treatnent, 8% PFA/ 30% sucrose was added
directly to the culture nediumat a 1:1 dilution for 30 m nutes. The Teflon
di vi der waie 20eyagsid after the first 15 minutes, and sli #es/usesng/ooershed once

with PBS. Slidgs§e RBFERENCGRSERB6tHL-W&H0 BSA/ 0. 2% Triton for 30 m nutes, and
i ncubat ed w t haproraywnEekERoisess0dwdz (1: 1 , 000)) overnight in 2% BSA.

Slides were ed w PBS .onc n condary .antj ho a ti-nouse
488: 1:200) ﬁﬁaﬁaﬂ‘@?@éw PRIE ;rEnﬁqﬂﬁﬁﬂﬁl‘&c?s%@?ni)“ﬂ&%éﬁ%}‘% o
tenperature, VRRRREYLZXPIA {dae BRRRe).COvVerslipped with 250 m of fluoronmount G
and stored at 40C. Results In addition to EGF, there are many |igands that

can activate EGFR ErtpdoaginsR&DhEysteREFRerotsuwspandehingtarilngltded@h®rBSAon i s
| i gand depende ctod Pnfrom R&D Syst s,added. a
co%cent r a{)i on o S?C%%n?f% M‘m%?gk?é ﬁ%lﬁfygs l‘o’vgreséld Sfﬁng%‘ﬁ?an? Bf;lﬁer g %‘r@ free

li gands that naydiagt Usiig@orctisRhe ToardE @ esttiaoamsdwaaastadd @rddier 24 hours
prior to, or at the sane tinme as adding anti-NG-, does not blockL J. | JL

GNE REFERENCE: repiR¥esh vikg cupewvars roksyel pordssesies owontupREevieherk glisspinel on.

Thi s suggests achi i i i | Scdy .
| i gandi ndepend%%%lggﬁpé?%{t%ge&gﬁyeg%rcgg?ﬁgg?%gle&}lgglr d5 {’Iﬁé S%Iéu%f)%lncfe “is
anot her nodel BRGeeagrcodagenieridt @ angstBStedgrandvtieutmaiximgSpowedordwper i od of

days, but if the ot .rescued with t ition of rvival factor,
they will evenci}ﬂi&l)ﬁffaf{/)efdgd_éﬁlﬂeﬁia‘fse‘f’efﬁfﬁlsfﬂ%ﬂ?ﬁﬁfé Rt gl YL yyere
(Erlotinib) capcglpldint halSesdSUeNREA DR VIO Pl in BXARRIR oFdadl wdiNb¥ Al tion
of Dual Leucine Zipper-bearing Kinase Materials and Met hods DLK

Transf ection ihclrgberdide and PRG39Bre alldveedite pgachlatitcoth tamp@@tacionfilence into
ont r ol

5 1S 0L Sl L P B TR 0 SR SR
Wi th one expr elRichigetsiglated Hxe3 PCKnaBakot teriEite IEctodomain was added to the
bottom row to a final concentration of 50 pg/ml. Anti-NGF antibody was added to the
wells at a concentration of 25 pg/ml. EGFR inhibitor AG555 was added at a
concentration of 10 uM as a positive control.

After 24 hours of anti-NGF antibody treatment, 8% PFA/30% sucrose was
added directly to the culture medium at a 1:1 dilution for 30 minutes. The Teflon
divider was removed after the first 15 minutes, and slides were washed once with
PBS.

Slides were blocked in 5% BSA/0.2% Triton for 30 minutes, and incubated
with primary antibodies (Tujl (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,
coverslipped with 250 pl of fluoromount G, and stored at 4°C.

Results

In addition to EGF, there are many ligands that can activate EGFR. To test
whether EGFR activation during degeneration is ligand dependent, EGFR ectodomain
from R&D Systems was added at a concentration of 50 pg/ml, which should be
sufficient to bind any free ligands that may activatc EGFR. The EGFR ectodomain,

added either 24 hours prior to, or at the same time as adding anti-NGF, does not block
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expressing a DLK in which threonine 277 has been nutated to al ani ne
(T278A), creating a formof the protein without activity (Fugene 6 Roche).
Twent y- f owo 2houms4daf ter transfection, cells were washedPairtus20088¢173&r aped
of f each plat Q;N@ﬂépﬁﬂmfﬁﬁ&@ﬂntwoan eppendorf tube. Cells were then spun
down and excesSTTRNEY DECKEEN®.\eH4/0fddet ed cells were lysed in 20 mM Tris,
150 MM NaCl, 0,1% Triton, X-100, | aced AC for 30 minutes. Sanples
were then spurfeEgalioBy 1Sﬁ§%ﬁe§tﬁl%gﬂ: ﬁarcf‘i"?ﬂoé'?u&ﬂ%id?gé’g?r Téoqléﬁllﬂf}ly gaich
concentrati on jhfepdnddingi nchoni ni ¢ acid (BCA) assay (Pronega). Sanples were
run on a 10% pol yacryl am de gel (lnvitrogen) and transferred using an i Bl ot
device (Invitrogen) according to the manufacturer's specifications. Blots
were bl ocked for 1 r.in TBST (Tris-buffered saline + 1% Tween 20) with
5% bovi ne serum al mé%(gn}ﬁﬁkt@s&. After bl ocking, blots were incubated

overni ght in pri martheadishbitiabsord (DSC) GGlaagRianstherdMde] 68hdursdegiiatakingl
Technol ogi es) or the phosphorylated formof JNK (Cell Signalin

Technol ogi es) PrRCTBRW qut pegrsgxer apariod of davsolatt ifghey a¢ a@tsres&e%wwgﬁwed 3 times

in TBST and tmagitﬂﬁﬂ%w@ﬁref&awa&& H&%B%ﬁiev&ﬁ&agg gt@ bralc@ R dhow R GORARIY7

anti bodi es for our at roomt énperat ure. wer e once agal i washed
three tines ankirt¢cve® (Erctiiatoad delay thiECleef{diitompgaathor 1JT -M 1 1 GNE
REFERENCE: PR4267R1- WO ATTORNEY DOCKET NO. 50474/ 020\WO2 m nute. Blots were
t hen exposed on filmand anal yzed. Degeneration in DRGs after DLK si RNA
Mouse El 3.5 enbrygxaM@leg4di ssected and placed into LI 5 nmedium
(I'nvitrogen). The spinal cord was di ssected out fromthe enbryos with DRGs
attached. The spi ndl. lelnbitian i Phal bR@inaipperthedringKimagd aced into LI 5 nmedi um
+ 5% goat serum (Gﬁcggr)ialggndi. o She DRGs were renoved using a tungsten
needl e and the re rd was di sposed. Eight-well slides were
filled with N3-F12 /5 Ditdnfoct(od3n 093 &dll ke s F12, 1m of N3 suppl enent, and
1m of 1M glucose) to which was added 25 ng/m NGF (Roche). (N3 suppl enent
was made by dil uti 33 65lIsNgere pleird @bdte senthieace el Thelsd afayell Blgtemcseﬁﬁg t he
foll owi ng i ngrgdi 1 ' ' ' -ad

sal i ne sol uti Sﬁg é( E%{SS%S%C@%QY i tht?féeolél;ﬂ ]Sr;lgsln%l? g)g\feéf)a,ﬁmgégj OW&%@F@%&%@

al bumi n (10 ngype DLIQ, HBSS plasihbB, with pnexPrasting wild type DLK and the other

expressing a DLK in which threonine 277 has been mutated to alanine (T278A),

creating a form of the protein without activity (Fugene 6, Roche). Twenty-four hours
after transfcction, 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 NacCl, 0.1% Triton X-100, and
placed at 4°C for 30 minutes. Samples were then spun to remove insoluble particles
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 manulacturer’s specifications.
Blots were blocked for 1 hour in TBST (Tris-buffered saline + 1% Tween 20) with
5% bovine serum albumin (BSA). After blocking, blots were incubated overnight in
primary antibodies directed against JNK (Cell Signaling Technologies) 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-
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
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Transferrin (Tl 147-1 G human, 100 ng/mM in HBSS = 1.1 M), 1.0 m sodium
selenite (S9133-1M5 0.01 ng/m in HBSS = 58 MM, 0.4 ml putrescine
di hydr ochworo#4846780-5G, 80 ng/m in HBSS = 500 mV), @CZ2/uskogpooegest er one

(P8783-5G 0. 15% REFeRENCR: AbSOIRIkeo et hanol = 400 mM), 0.02
corti cost er onea1otB@RY-dttids NG soi4/Howdr absol ute ethanol = 5.8 MV, 0.1 ml
triiodot hyonine, sodjum sal 97- 100MG, 0.qzjggglm in 0.01 N NaCH = 300

(763
mv), 0.4 m id%ahen %?tﬁﬁéﬁ-téwseﬂ&&i & 354 A 241 Uy, 25 ng/nmi in 20

MMHA = 4.4 V), GeRrb@ah DGR, DL xlOrPZ M (can be stored at -20
0C)). An N3 supplenment stock was nmade by conbining the followng: 10 m

Pen/ Strep (1 O0X, GMewy E13.0 embrygis wesndisrected @@l pided@tbddy meddmmi MEM

vitam ns (1 QOO i bco) ,10 . N3, concentrate (| OOX, see abov for a total
Vol une of 40 A RRET) T GpEh R FRGERETRR Ao g bRy SPGRYS o £ 11 1 or
and 1-2 m al isgteHed. WaE §pifdl 06:a6 wath DHGs QfachdieidropRcadah®d It IsyR&Hiih 26W, usi ng

0.05% trypsi n- EDTA (G bco) at 37C for 30 m nutes, spun down and count ed.

Two hundred t HOalsERER (@bFe) opdece Ted M Goypyere agraey ed 3ising adwngsia neediroanddhd |
nucl eof ect or w - Of <o B . wihen split
equally onto ?%m%gﬁag%qgﬂg%&)g@nagg%ﬁ%ﬁ%@gﬁ m@%g %?%g%ﬂgﬁ)%@{gﬁni n coat ed
gl ass, Bect on sbiutiki (ZSan) of Hienis h3, wal & Nkesupplehrdt, hed ahﬂaﬂh%\d @lubda;g)ﬁl i de at
roomtenperature for 5-1 i nut es ol | d. by incubation for 3 days at
37C. The anti -\ ‘é{?ﬁﬁdﬂsg?glgg/wis’@ﬁ@@ﬁh%ﬁ&%ﬁwl?}?@ VagRederhy diluen phe sl de
(4 wells) at Q\Tﬁmw@&)tnEé}Ha@q“@fch%sﬁg{d%y nfiih fhe'f@l%wlﬁ%i Rediefs FOnbours at
37C, the slides wereG i GNE REFERENCE: " PRA267R1- WO ATTCRNEY DOCKET NO.

50474/ 020W2 fiphevingiotdar: 3 mnkHenkds bufSvedrating srlwindBBESeCo,PEAfrelly addi ng 250

m of the fix soluti irectly to the 250 m of. r di To make

the 30% sucr 0SB %eﬁgg‘(g%’? ﬁ?‘fl%é/ns,em(nﬁ%l%%fq @\%n?'?émI H‘éﬁ%ﬁéﬁ?@@%& ded to a
600 m beaker Trigdah (0 1879, hulad, 1085/l in IES9PFA 1(60h A AT iQHSe El ectron
M croscopy Sci ences), 10X PBS pH 7.4, and 150 g sucrose. The sol ution

was m xed undéfien Sﬁb’giqllgﬁ% 101 d@%@bm%aSS TREMM. B4arlapiressinelM NaOH wer e
acied o br bRl 108, BT (15,5860 o SRR 1
al i quot's, and (P8183€1(),.0.125 mg/ml in absolute ethanol = 400 uM), 0.02 ml corticosterone
(CZSOS?SOOMG, 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 m! insulin
(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
um 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
DC100), then split equally onto two wells of an 8-chamber slide (BD Biocoat
PDL/Laminin coated glass, Becton Dickinson). Neurons were permitted to attach to
the slide at room temperaturc 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)

at a concentration of 25 pg/ml. After incubation for 20 hours at 37°C, the slides were
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The slides were fixed for 30 m nutes, followed by washing three tinmes with
PBS. All cells were |labeled with a neuron specific b-tubulin antibody (Tuj
1 (1:1 008 201/@844BSA, 0. 1% Triton) at 4C overni ght. ThecCpriseemwpsens i body
was renoved anghyd ﬁﬁ@ﬁ%sp%gﬁl\wéhed three times with PBS. Slides were

i ncubat ed W t hyEIORNEA RGO . 3M7hpiody t secondary anti body ( 1:500) for
one hour foII %ﬁtoh ee washes in PBS, and then cqverslipped with 130 n

of nounting bIUSHRSE/RT® Iéraf@%‘{l%# WiFSy §x addipe 20 Wit g fand 24 x
60 nm No. 1 cosxsﬁm%h tRScty YRk 25@1!@8% é&lﬁ}éﬁﬂ %@@9@ &950%&@&%%;??

wer e dissected, electroporated wth contro or siRNAs direc
agai nst DLK, asnwtlonl,lthmeéldwag 1dgs¢uentbadreadddvétofaﬁOOanlmeakanmodﬁduig wsirdays.

from neurons Purl Tot al y y M ni
kit, accordi n?@&l‘h@é #’éﬁ %fﬁﬁ@ %%QP%COI’&@CI%CG& 5‘?6]?2&@%%??

cel I's treated i, thd ¢ong mlros@n%@bdfu@d%n%d Bndebbow Reat fhtRIdisSAVEL. | Then
quantitative PCR experinents (Q agen Quantifect SYBR G een RT-PCR) usi ng

DNA priners spegfopgof bM M(RHMGWMQIGMM DH)tO (1 enTthay
forward pringy, %ﬁ\ 16
<(31nd 17). ,Ig\rrplrr:30 Q%%P%og;?@:-ur ves V\Ig‘li’lg hary yze “é*ﬁla rh&sa“fl%wﬁﬁw Egé@ntratl ons

of each sanpl elaved éin simlot) adetbze®l ative to controls. Results The results of
t hese experinents are shown in Fi Transi ent transfection of 293

cells with a plasm éleélh%meﬁgﬁwdifgr%@wuﬁé@ﬂ@sf@ﬂ ?)éﬂaﬁhﬁlath@eﬁﬁ@wﬁbr yl ati on

and activatio J
signaling cas?ﬁé.&%o&iu??%g%g%teé %Lo%°h§%%h¢%dﬂ1§%§%’g?%}d’og Ef ﬁa & N@O%d DLK
reduced the | ewe¥sB94, INK Tphas phot(ybaiight. TKe pdhdgwntibsdyDldS rexpvedsad on

vi aG\E REFERE PR4267R1- ATTORNEY. DOCKET. NO. 50474/ 020WO2 si RNA
resulted in plr\%et Wides Wregras P@ﬁé‘n%f@éﬁ“il?é)tBscle%@ﬁ%W%rtel"éﬁ‘t‘b%% ith ep#ilexa i on of

the downst r eamgki,Aasfbil N‘ﬂ:onh;ﬁ?’ ARSIy TBHOS lesdﬂ%gloﬁH}oth by ¥hteQRhes in

transfected with si RNAs directed agai nst 'DLK (Dharm con),” neurons
transfect ed wWhBb, emhthemtovsisiigs] \(w@lsl.\ﬂ ;sluﬁlrmczmdng)lynecaum(ﬁlwtoammmn@) under went

significant d ener afi on u 22‘ S visual.iz TuJl staining
(Figures 38 aﬁtge%@j‘ FWSCOé)g%Fgg‘t%)W gﬂvﬁ@ﬁ COVGrSLpS &quﬂ}'

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,
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).
Amplification curves were analyzed and relative RNA concentrations of each sample
were calculated relative to controls.

Results

The results of these experiments are shown in Figure 38. Transient
transfection of 293 cells with a plasmid encoding wild type DLK resulted in the
phosphorylation and activation of JNK, showing that DLK is a kinase upstream of
JNK in a signaling cascade. Co-transfection of a plasmid encoding a kinase-dead

DLK reduced the levels of JNK phosphorylation. Knockdown of DLK expression via
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transfected with si RNAs targeted against DLK, axon integrity was nai ntained
upon NGF wi t hdrawal . Knockdown of DLK expression in these experinents was
confirmedvosbrg4guantitative PCR with prinmers specific POTMDISK09B6178% K
Knockdown Pr ot @@t Refigaines! pREMRIW@duced Neuronal Cell Death Experinents

wer e per f or nedyti@OrRAEYSFCRISh 8647/ waove- observed protective effect of
DLK i nhibition.is nor eneral ly protective against_ axon, . . ..
degener ati on/ n%%@éﬁgS]U?tgﬂg@ﬁ{rg@?tg)négﬁglganwaglﬁwgqgmq%mntag didgiphikitiea of gj 1y
exposure. |sol : Wt S VMINGELS T i o

p d@)%gtréﬁﬁﬂﬁﬁ&‘% JNRT §p 8% %s L&ﬂéﬁg\ﬁuﬂeé héd?&ns t?&g?ﬂe%ﬁ{l( W&O” i cal

inhibitor, in the presence or absence of si specific
neurons were isRINAS dideaesi agginsteL K ¢Phawmicry), peaoesiuamsiecRdtwitll codtrelaiRNAes

d id of i di ted.into i ce-cold neurobasal nedi
oot oem B e B R S L S R e SRR R N of 0. 106
trypsi n/ PBS (WaeHdRivg boOvikudlioed SOTH Bdin@s @toudtGe afid BoNah c6npee satdn of

0. 1% DNase (Roche) was added to the tube and tissue was incubated at room
t enper at ur e f drangfeeipdipith IRV Asstgegeird seeias A K. oneriniterity wermiineinedbpeml nmedi a

and the tissu : i h be before.1 nmi of neurobasal
medi a cont ai nlq\rll(\é\?g\g}? gﬁ%\ég%%q%lé%@%{ J)t??llfll\%ie%}?rgsgsseoﬁk)lg\s\}/hege gxd%relﬁl.e m'?i‘@gue was

di ssoci at ed byohfiiniddraing@uamitithved® R WXIpfimpstspédiad PIDNK. The cells were
counted and, for sone experinents, transfected with si RNAs using a

Bi osystem 96-wel | nucl eofector (Amaxa). Cells were plated in 6- or 8-well
chanmbers or 96-vel I ROl i Kot MBWAPr6RAE BlailliSRESh-fidlkdd S CIBNESF Deth plla; ed

cell densitites of Z x 106 cells/well, I.25 - 2 X 105 cefls/wefl, or
104 cells/well, redpperiments yerefperfomiddNAasgperlicthentts apdendtistived ptoeativeal | ow

for sone cell t Ly associated,with the el ectroporation process).
Neur ons wer e r#@%d)?%ggﬁ’l%? lﬁfnoﬁeu%qn@apﬁgﬁt‘?‘fﬂv%%gaﬁﬂsf B Amaxa) and 600 ng
of si RNA (Q agRgerRfatiBRAEITBAD BpoptEsd\Rusddl b5 R thsWRS s@hSBYSGn Sxfhselays af ter

plating by quantitative reverse transcriptase polynerase chain reaction

qRT- PCR) . Br ilefiatgd peurorjs wereagpofEp E REIEE ne pRee fRMh MIoA T ORNEFCIDEOKET NO.
50474/ 02002 Iggﬁ 1Sl ansfected neurons using an RNeasy m ni
kit (Q agen). agﬁggfe%@ﬁﬁgsh&g%%}{og@%%g 10 ng of RNA was run in triplicate
usi ng the Quanti f eClortiS¥BiRurons were isolated using the following procedure. 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
(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
P1000 pipet (Rainin). The cells were counted and, for some experiments, transfected
with siIRNAs 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°
cells/well, or 1 x 10* cells/well, respectively, for siRNA experiments (densities that
allow for some cell death normally associated with the electroporation process).
Neurons were mixed with 20 pL of nucleofection solution (Amaxa) and 600 ng of
siRNA (Qiagen or Dharmacon). Gene silencing was assayed 3-4 days after plating by

quantitative reverse transcriptase polymerase chain reaction (QRT-PCR). Briefly,
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Geen RT-PCR kit (Qagen) with DLK-, JNKI-, JNK2-, or JNK3-specific
primers. Primers for the housekeepi ng gene, GAPDH, were used as controls.
(Al pri meozowansspur chased from Q agen.) Anmplificati onPcuruse®ometrras

1

anal yzed for rghRRiE¥eriN¢k: pRGH0LWAL I ons in each sanple using DCT. Corti cal
neur ons pl at edatporRNE¥YDOENET WO! B4lafoe@ves Wi th 300 nM vincristine, a

m cr ot ubul e de bili.zer, for 6-72 hours. NG- w thdrawal -i nduced apoptosis
and degener at | m\)@?sésggtg%\ ae tf?@fé@%‘ﬁn%%_%@&@g ey mimk kit (Riagen)y %é%{’c ment .
Apopt osi s and deapnebhiny We fqéwﬁg}x\(%gnuﬁh@ﬂpm{emsﬁl %MJanﬁ?e%@S’F?Rg ghe

| act ate dehydrogenase assay. The N - (4, 5-di nethyl't hi azol -2-y
di phenyl t et r azorden RThPORkil¢QiageayithniBbK 1 TAK 16, dNK 2y, ct INKi3t spedifis pomens.

m t ochondri al functi.o T was. added -t total of on e of the

cul ture vol ume VRGBT kB RGBT ises FrraslscpllpBimet: 120

m nutes. The Midre@arthadctifidgh Qlabinly AnipdicatioMsiras Metedlza@: tdRiveRNA Were
resuspended in an equal volunme of solubilization solution (10%triton

X-100, 1 drop $acentmgonqinieadpemplentsing AGbsor bance (570 and 690 nm) was read
usi ng a spectrophot r.. . lactate-deghydrogenase. (L evel s were assayed
PR b PR 2D AR R ey VTSl 2

using a CytoTox non-radi oac assa

anount of cel | mite@tibulé desablBys forfd-72 Mourd. 0EGT REdidRwWal-Auedd fepBes add eat ment
conditions were used according to the manufacturer's instructions. For both

the MIT and t heFSERIRtESERIE asspyer belsyren &I howws|afteriba fial s topest- néPORLRSS t 0
positive contr ] i I i ously observed
in the abovede@gﬁegﬁﬁgﬁﬁ%ﬁﬁ%ﬁ%%@mugg%%h\Ismﬂét]ﬁg?zgg\% mé@%lg?%c%é}t s, knockdown
of DLK expr essdahpdmpenasd sssayprite &6T T (oG dinmestiylthianclr2-glhi2rfe- | nduced corti cal
neuron death in two, different assay systens. This.finding indicates that
DLK knockdown @B@ﬁnﬁléetﬁléﬂlé‘fnéﬁ’fo;rlmE%@%/%X\?{‘fe\??r%“g“ﬁi t’(@‘lgi’ S%?g-%f‘ Fateedralur onal
cel | death in gnsb¥bnTPlvadhdde8 S iotd1 B bANh RS the AN REGRRENGE.HRR4R6 7RL- WO
ATTORNEY DOCKET NO. 50474/ 020WX2 Table 9: Effect of DLK Knockdown on

Cortical Neur oidgpgupptpd pt 56WilA Ie GOstiprY)- Clahingtege The M agutadting yultubH

Assay C. Eff ecﬁletﬁg \&%ﬁp%@h‘ lal% %hg rc]el-ﬁsnwesrg Ingglal‘stpgg(ﬁeidcm Iz}lr?gcliu%péolume of
solubilization solution (10% triton X-100, 1 drop HCI, 50 mL isopropanol).
Absorbance (570 and 690 nm) was read using a spectrophotometer. Lactate
dehydrogenase (LDH) levels were assayed using a CytoTox non-radioactive LDH
assay kit (Promega) to assess the amount of cell death in assays. Fifty pL of media
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
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

neuron types.
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The foregoi ng anal yses denonstrate that DLK inhibition is protective

agai nst toxin-induced or growh factor starvation-induced axon

degener atworbayEpt4esi s in cortical neurons and dorsal r@oT/usa0glo51763
neurons. Furtt@qEﬁﬁﬁQ{EN@nﬁﬁzwﬁvgerfor med to assess the ability of DLK

inhibition to prwedly OCRALNGIS0RWENS from the apoptosis normally
i nduced by these chall enges. Synpathetic cervical ganglia were di ssected

from postnatal day 1 Sprague- Dawl ey rats (Charles Ri ver Labs) and

col lected in argish. Eﬁé&%kﬁh@@Kﬂh&H&%‘Jd’(‘f@nﬂa)ﬁNé’m%h%?mal ém S%fetal

bovi ne serum ( en) W th serumfree
dl@\éhgﬁﬁg | na? %:gsnlg%%ﬁ]rrg%@? P?Wéga % trypsin (Wrthington)
was added an i lluuugtc n\\al

the—tisstye—a 30—ni-nuf-es— One percent
DNase (Roche)f-selu . B was added tu"fﬁlgdfﬁ] mqr&i‘élﬁﬂiliﬁeubat ed at
room t enper auﬁﬂtﬁ0 Gno{reatmﬁnﬂm es. Ganglia were wasted with Ul tdacul ture and
al lowed to sdtd0hous vinetigsingseatmentof the tube. Al Wsh nedia weie renoved
and 1nlL pl ati|dLKediNA Goriteaaimdént)y Ul trdcul ture, 5%0at serum 1%
peni ci | |1 n- st{r2pk eiRNA (20 HoWr gintilisaieXx, |7 mM cyt osi ne ar abi nosi d¢ (Sigm),
and 50 ng/nL nerve growh factor (2.5S, Cedarlane Laboratory) was added to

the tube. GanglTa WwWer g ~ghdiaes ! at ed DY TCTTTRRAR fﬁ?y %Lﬂghfed?i pe (Rai nin).

U traculture ne and

_T
N
-
D
N
N
)
D
+
(V@ omy
d

e vas oo T, SOl ERAT, = O11° T S T (rgon) e ool
5000- 7500 Ce|gl_magﬁ_§%\eltreﬁﬁn@m 200000 cel | 7 wel | (ﬁ wel | plate), or
100, 000 cel |l s Nde(1 e)sllde) and aro®A for 45das in 5% CO2

at 37C. GNE REFERENCE: PR4267R1- WO ATTORNEY DOCKET NO. 50474/ 020WO2 Every
ot her day neurons were fed with fresh plating nedia containing 5-10 ng/ nL
NGF. NGF wi t hdr awal re perfor rred as described in Exanple 14A
Vincristine treat ne M ol 204 latl PYTRPAIHIEINCUIGRS o per f or med as
descri bed i n Exanpl r g two
fescri bed 11 Sxamplie KB POk L h BNORMIERLS IRHEBREHOETES 43400
vectors are Ht¥Aingndugécher grénath fhcamtdrmlosﬂndwbdjwain deperatatigefapeptedgin pol ,
env, rev, tat In additi there is a parti al

del etion of t ﬁ8“§?10n8{°é‘F f'nécﬁ?lﬂdi??@é?m §@1ﬁ1‘8ﬂ€8‘§°’i}ﬁ tﬁ‘:‘?‘ﬁ T gfgergnents were

performed to assess the ability of DLK inhibition to protect sympathetic neurons from

the apoptosis normally induced by these challenges.

Sympathetic cervical ganglia were dissected from postnatal day 1 Sprague-
Dawley rats (Charles River Labs) and collected in a dish containing Ultraculture
media (Lonza) with 5% fetal bovine serum (Invitrogen). Ganglia were washed twice
with serum-free Ultraculture media, and a final concentration of 0.1% trypsin
(Worthington) was added and incubated with the tissue at 37°C for 30 minutes. One
percent DNase (Roche) solution in PBS was added to the ganglia and incubated at
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
trituration using a pipet (Rainin). The cell slurry was filtered over a 0.45 pm 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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LTR that renders the 5 LTR/ pronoter self-inactivating follow ng
integration. The genes provided in trans for both vectors are the
struct ur avoenrelssgsot ei ns Gag, Pol, Rev, and Tat (via plpasmsdoi@ebi7aB. 9) and

t he envel ope p&RE RERERENGECPREIAHEWS! asm ds are introduced into HEK293-T

cel |l s by co-transéedly ockendolsaseendld y express the different viral
proteins required to generate viral particles. The potential for generating
wild type or pathogenic lentivirus is extrenmely |ow, because it would

require nmulti pEgry GHENdyNehlboRIwENIRE WitR RN biide h&Ra RIndithgs.10lgAddi ti on,
the virulence factors (vpr, vif, vpu, and nef) "have been conpl etely del eted
from both vect®¥BE. Neurons were infected either inmrediately at the tinme of

pl ati ng or 3-5 day ter .plating by addin irus into gell .c ure media
containing 5 ng/ rrL%}])%‘f Vi g:%év_af alsﬁ%sr%f(‘at peég?g?cﬁ%s Cg}i“frﬁ)& b‘bﬁ%aél?ﬂ%? ﬁjg&'rredi ais
renmoved and r epinag@ihe\etithehfseSIT B elys . an@eDIFBas8sys wakd MRS PaLaeRéaRa it he

virus for 48 hours before experinentation. Simlar to the protective effect
of DLK knockdohwme B3t i cal neurons and DRG knockdown of DLK prot ect ed

synpat heti c neuron - | 5@# . F LS, (FLaur A-40B
and Table 10) and ?‘c?&lﬁﬂiﬁ Snl\é%%ry&édg%%%)té%gfs ﬁ?‘glﬁ‘?g‘g gieﬁﬁ{él?\%f “F%‘%Fse r A1 J
1 GNE REFERENCHCSHREZETHTP- AND GXINIURNES-IRBSKER eNCBothQ4dtd1sQ2OMB?] Jisdisahd0: DLK

Knockdown Protects Synpathetic Neurons from NGF Wthdrawal Stress (MIT
assay) Table 1ligk%ﬁ LABhES? 835% Rels ey FRyateh &P ¢1iNgUs 8Rnaty b

Toxi n- 1 nduced mgﬁﬁ%%iigﬁp&wﬁe&%@w th@lgﬁﬁk&éwenhmcéﬁéégg%h&%mﬁn @ excess

of kinase-dead DLK was simlarly protective against + W t hdrawal -i nduced
apopt osi s i n syhptehenias hed’ bAR/Kreinglar elidinacivdtingafollewih integatdre TH2:

o nant Negal . RESVAES EALESHNE ARRLORL ST Sl aldheed
with the findidng Tan(vRxglamhia Defag Dpdndkhd@setoge pbidh SVG T 0deie @thsinids@r 93
cell's inhibit E}igtrgdwllée irlll(t)os EI%rZ %-%tciel?snbyi (:Q)—Erat]ngfs‘eec}tign? lalllcls t'rancs)ila?ltly express the
different viral proteins required to generatc viral particles. The potential for
generating wild type or pathogenic lentivirus is extremely low, because it would
require multiple recombination events amongst three plasmids. In addition, the
virulence factors (vpr, vif, vpu, and nef) have been completely deleted from both
vectors.
Neurons were infected either immediately at the time of plating or 3-5 days
after plating by adding virus into cell culture media containing 5 pg/mL polybrene.
The next day the virus-containing media is removed and replaced with fresh media.
Cells are allowed to express the virus for 48 hours before experimentation.
Similar to the protective effect of DLK knockdown on cortical neurons and
DRG, knockdown of DLK protected sympathetic neurons from NGF withdrawal-
induced apoptosis (Figures 40A-40B and Tablc 10) and toxin-induced apoptosis

(Figure 41 and Table 11).
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non-limting possibility is that kinase-dead DLK may prevent nornmal DLK

di nmeri zati on and sel f-phosphorylation. This finding suggests that

i nhi bi ti oNoaf10B4Bd46s JNK- phosphoryl ating capabilities, ecthseomloswayh
reduction of DX REPHES&IEOPRE-GAKEUGh | ntroduction of a DLK vari ant

| acki ng ki nasespdrnivinocif Pt GhFaimwodt Ypes of GNE REFERENCE: PR4267R1- WO
ATTORNEY DOCKET .NO. 50474/ 020\WD2 neur ons agai nst _axon degenerati on and
apoptosi s in rEdPer&PLE Knpekdown bratsets Sympgthstie Nepeens dromNGHur aval .

Exanpl e 15 HaviVidrdsesydStreseMTHAss4A si | encing of DLK and introduction of
ki nasedead K were each protective against NG withdrawal -triggered or

t oxi n-i nduced _degener &bnditioof cul t ured n&uviahiity (noridatizedxper|i nents were
per forned to |iCeaniol {witi K6Fyol e of DLK i n neuronabodegenerati gn pat hways.
DLK is a MAP kiigps@&ndded@d@olidsnase i nf the multi plg Tineage Kinase (MK)
famly. In conbyRSIRNR QfRgr Menmbers/ of the |V|_K1§3am|yﬁ e gxpressi on o:‘l
DLK is restri TET.VO bybtem\Guilu at——Nat—FRev. MIl. Ce
Biol. 3(9):6 %ﬁgﬁf%uw#‘g moved ot o N 0?35 e 7{7)-969-916, 2008;

Hol zman et al. '!}H)j Chem 269(49 30808-30817, 1994). DLK is a nenber
of a signal ﬁh J&?W?“&FP ‘*\?&tﬁyﬁ&’aﬂ\ﬁ(‘cﬂ‘j‘f}"&% "E‘&‘ﬂ"f‘h&‘%d“ﬁé%ul ts
i n apopt osi s/ |1Pi‘fgeﬂ?ﬁ‘|‘ﬁPP TJn#ss#Y)cert ai n conditions. Increased JNK/ cJun
activity has been linked to a variety of neural disorders, including

Par ki nson' s di sease, gl@omditian Al zhei nen' s%lvabise (nokinSlizal)r oke, and

Hunt i ngt on' s |dieeabaotdtamugl) exanm nati on of patienposanpl es of experinents
i n ani mal nodelasoRf vidtseas @edtenet al ., |J. Neur ochgm 72(2): 5b7-564, 1999;

Ries et al., . NGHEGRcid BddiBlnt. T578+1 588; 2008 Vi ug et ., Eur. J.

b 11 |

Neur osci . . ZZ(W ﬂ‘ﬁﬂﬁ)ﬁm 6M8ﬁ$t1n r f lfllq Ele:L . fali’m,’I mf\ Ir:lﬁanbb . 12(7):864-
781, 2009, P I[b‘]:JK m& 24’h arm t‘ﬁe P‘) 4 e J.Ullg%u, ZUU0 .
Levkovi t ch- Verben 8t . O‘E(r' HEQCdY 5Y - 663-670 2905 Tezellet al., Brain

Res. 996(2) :202-2 12, 2004 Kuan et aI , Proc. Natl. Acad Sci. U S A
100(25):15184 15 189, 2003; Yang et al., Nature 389(6653):865-870, 1997;

Hunot et al )k Thakur et
al ., J. Neurosmt%ﬁé ggt(cgf&%fgggéss%iﬁaﬁ%%géﬁﬁ a? lﬁaz pé%?$§ ation of
DLK t o neural a@msstrl‘ﬂé]ﬁ svithdid whhimdiaed apygosnin sgmpalhetlomeufms &FighkK4e dndh
activation pat]t;l\g?eylsz)was i nvesti gat ed.

Table 12: Dominant Negative DLK was Protective Against NGF Withdrawal-
Induced Degeneration in Sympathetic Neurons (MTT assay)

Condition % viability (normalized)
GFP virus control (with NGF) 77
GFP virus -- NGF removed 36
DLK virus control (Wlth NGF) 62
DLK virus — NGF removed 22
DLK DN virus control (with NGF) 104
DLK DN virus — NGF removed 60

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 DLK 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

through introduction of a DLK variant lacking kinase activity, protects many types of
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A. Antibodi es Specific for Phosphorylated DLK DLK is a MAP ki nase and, |ike
ot her MAP kinases, it is phosphorylated within the activation loop inits

AR R 2ILN

activated and ¢oskEFERENGEPREEIRMAVED) DLK, anti bodi es were generated that
are specific forrdineyaimgahony.saizedzomas2n of DLK ("p-DLK'). To do this,
specificGA | E,_ | GNE.REFEREJ\ICE: PR426‘5R1Q-BX\D ATTCRNEYtDOCKET NO.

50474/ 020W02 rSEFUE B8R WS FLITRHONSPE BPGREFE HETRYEE 4 ¥ SRPHLE Owhi ch
cannot be phosgbehyhabedithdtdege constructs were then transfected into 293
cells using the same protocol as described in Exanple 14, part A (above),
and tested for their abilities to phosphorylate the downstream ki nase JNK

(Fi gure 430). ﬂ'@: glé“f?l ysis confirmed that threonine 278 (T278) and serine

281 (S281) wer ed for activity. Antibodi es were generated agai nst
peptides in the actHawaigdeterhoep tlaf RINZesiBhéing 6ODEKRnt hatodtahaif Redsd- hese
resi dues using, standard in _vivo | nmuni zation techniques in rabbits. The

pepti de sequerf€dd DiEewere srehinmptaetive senins Nigk withseeyarreseredprsmacipdeey | D NO
13) for antibqgli L4 o Fe%%[I \Ag%& . for
ant i bodi es 31%%%1@%,0 gﬂhééé%fgﬁd%gs%%T 1}%E I Dgﬁgﬁﬁ%?%gfgng%ﬁebodi es
321 and 322. Tk gfld&evurceronalsiegearctaionpathatysYddizK iy a MAPrigndsh &inhge ldhdse"
protocol, which_ncl . purificafi n.col ums of phosphoryl ated and
unphosphor yl at' B 'f)lk{glgim%?ed%‘?‘?é‘_’r Q\flgﬁégﬁ“@ tiI%F?VaStﬁ%Pg’ET’g‘ﬁ%Fééﬁh odi es
from si x i MuMZEdahaPihd Spakien bEDLRLIS hsBREISS HRERRBuE §steh @iIng: 410 DLK
and p-DLK. Six of the obtained polyclonal antibodies were subjected to

VWestern bl ot &Y RevnddabKied tBoeh& N 603972238023 Sasson of de el fyde 7¢NED-O4bi | i ti es

to detect p-Dl{ne. i sti i$h i [ 1= S y ed DLK.or other
phosphoryl at e Q?’ﬂ%é@%ﬁﬁbﬁo@% h%’re% %?%%QR?@%Q 3@3?’ %ﬁg{)ubgg R AMEYDCE o
medi a was r empfedigaaldranbducted pahwey tivaszaNKINg enddIuh tiaces@elid PBS. Cel |'s

were scraped in cold PBS and were transferred to an eppendorf tube on ice.
Cel I's were quid®RPYsHIammagon Hade casar coditass. nssascd ddvedun Teiiydrs et s were

ei ther snap-frzepnen 1dh ¥a1jiéf% oy H%ﬁgrsaftncl'u% %gr(]ﬁ%{so%@ ?&eéls%%%ﬁgxg,l y

lysed in fresh lysis buffer (20 mM Tris, 150 100)

cont ai ni ng phoSiplrameasedi¢@sg el P5T%E, and PRS0’ satidagprtbtoegls exanmittivh bér s
patient samples or experiments in animal models of disease (Oo et al., J. Neurochem.
72(2):557-564, 1999; Ries et al., J. Neurochem. 107(6):1578-1588, 2008; Vlug et al.,
Eur. J. Neurosci. 22(8):1881-1894, 2005; Morfini et al., Nat. Neurosci. 12(7):864-
781, 2009; Perrin et al., Exp. Neurol. 215(1):191-200, 2009; Levkovitch-Verbin et al.,
Eye Res. 80(5):663-670, 2005; Tezel et al., Brain Res. 996(2):202-212, 2004; Kuan et
al., Proc. Natl. Acad. Sci. U.S.A. 100(25):15184-15189, 2003; Yang et al., Nature
389(6653):865-870, 1997; Hunot et al., Proc. Natl. Acad. Sci. U.S.A. 101(2):665-670,
2004; Thakur et al., J. Neurosci. Res. 85(8):1668-1673, 2007). Potential correlation
of DLK to neural disorders and the involvement of one or more JNK/cJun activation

pathways was investigated.

A. Antibodies Specific for Phosphorylated DLK
DLK is a MAP kinase and, like other MAP kinases, it is phosphorylated

within the activation loop in its activated state. In order to be able to distinguish
readily between activated and resting (non-activated) DLK, antibodies were generated

that are specific for the phosphorylated form of DLK (“p-DLK”). To do this, specific
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(Roche 11836153001). Cells were lysed on a rotator at 4C for 30 m nutes and
then pelleted at 4C. Protein concentrations were determ ned using a BCA
assay (Piwoce)/sPretein | ysates were mixed with sanpl e Ipaffftseoodionizss r ogen) ,

boi led for 5 ngbkESerRiNRS. bRBRHGRged onto a denaturing 4-12% gradi ent gel
(I'nvitrogen). SRFRES’ EIEeT K@RsiakiRebont o nitrocel | ul ose (I'nvitrogen) and
bl ocked in 5% m | k/ TBST bl ocking solution (Tris-huffered saline + 0.05%

Triton X-100) Fgpues pHgactiveite gyegs mijpgied; t%la%la? ehich ¢angt bsmbeshenited.
antibody at a ﬁ&e'sy&dngﬂ?ué?é wém%Q&Qrén&eéﬁﬁhef@éﬂeﬁ{w@hg@alﬁe R@&bi‘% platform
overnight at 4C. Blots were washed three tines mnut s wth TBST, and
i ncubat ed wi t hdeacriteB i Exaege hdlaast A @bsen aabid $ésteddoothiid alsiéi GEo REbpREWGEE:

PR4267R1- WO ATTORNEY 4741 020 HRP) - a ant.i b
(Jackson Labs, d%‘ﬁ'bs(sr)eal?l naiel\@lﬂ pyre ég 8} V% %I@ﬁﬁgcélflﬁ#"ée% %%HF%FH%%S re
washed three tines) dnd S&Bﬁbsqiraslzsmwe%@ﬂrewwhcﬁ\e@ d&ﬁt%oaﬁﬁwe{égaéflﬁte%gepa .

substrate (Pierce). 293T cells were plated onto coverslips con

12-wel | cul t uragaigigteptidss in thoaaidetian moﬂ?g)f lhﬁHféLIé@Nt@;n\ﬂ@ﬁ eoritdingd thesgnsf ect ed
wi th either VI-O ed and fixed with 4%
PFA, 30% suc??gge( '%3 gg%rs %?%er Ganst IMZ ?gﬁec \lelsmrabws ecqugdand

per meabi | i zed saijidnc&OGsBERA nﬁmﬁﬁfzaﬂdnt\@eﬁe ?&KEL(S@K[SMKMpSM(ﬁ (SEMID N1ENn3)
i ncubated with the pri rrar ant i 1: 500 concentration in 1% BSA

over ni ght. NexiPr tgodigs § 5 %ﬁér%%%ﬁ&Mﬁ%@@HWW%@E@&NQ'r%ééfOéndh
ted wit A sy for iekhi s

ctop s T ol | G S AR QPN ) o el

( 1:5000) to s¥diand 322 Bhe pratedurovespstivmodas Yetem, asingthel ipysite? ploedolbut  of

th | t d to a sl d t he. su ce with cells facing

oo Ure. STEPHONGE Ra Bt B e S St hed Pl o

m croscopy. Arﬁehﬁ’&dtb enc?did scldckdi 3?&yol§3a1ant%lﬂle§:ﬁ%rr?§§ nnﬁlﬁﬁl%&i‘- @ik DLK and

p- DLK/ DNDLK wi t ant i bodi es %18 and 319) or very limted (antibodies

320, 321, and ‘BCZQ)SOMWﬁQCT?@eéﬁ@WMO@IéﬁaIMLK@I(KFl ure 43,3\) I n .
t t tibod [ | | rote| Ant {,bodi 31 an

315 showed the st 1 onpostt BOAARA B Bou WS LRI et B R o R

bi ndi ng, and tihusimekis@chiseisinf aialybestb hetemnaﬂ;ealasﬂmwe) et POIIKE Sndvey e aI SO

able to specifjcally bind to DLK in the context of
P C{IStlaI’lgUISh p[ from non- I?hosphorylated DLK or other phosphorylated kinases and

phosphorylated MLK3. For cultured cells, the media was removed and the cells were
washed once with ice-cold PBS. Cells were scraped in cold PBS and were transferred
to an eppendorf tube on ice. Cells were quickly pelleted and excess buffer was
removed. The pellets were either snap-frozen on dry ice and stored at -80°C, or were
immediately lysed in fresh lysis buffer (20 mM Tris, 150 mM NaCl, 0.1% Triton X-
100) containing phosphatase (Sigma P5726 and P2850) and protease inhibitors
(Roche 11836153001). Cells were lysed on a rotator at 4°C for 30 minutes and then
pelleted at 4°C. Protein concentrations were determined using a BCA assay (Pierce).
Protein lysates were mixed with samplc buffer (Invitrogen), boiled for 5
minutes, and then loaded onto a denaturing 4-12% gradient gel (Invitrogen). Samples
were transferred onto nitrocellulose (Invitrogen) and blocked in 5% milk/TBST
blocking solution (Tris-buffered saline + 0.05% Triton X-100) for 1 hour. The blot
was incubated with a phospho-DLK antibody at a dilution of 1:1000 in TBST with 5%
BSA on a shaking platform overnight at 4°C. Blots were washed three times for 5

minutes with TBST, and incubated with a rabbit secondary horseradish peroxidase
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cell, as measured by i munohi stochem stry. Both antibodies 318 and 319
stai ned DLK-transfected 293T cells, with significantly reduced bi ndi ng
observed w0 2MoKBs44br ansfect ed 293T cells (Figure 43B). PhirA/skeods17g3 i s
signi ficantly Fadkeaskener298.6&\sot hat have been transfected with DLK

mut ant s havi ngyBroRMESIDGUKETNG. s6€8bdowd2 N @ near conpl ete | ack of kinase
activity (Figu 43C).. As, DLK, |j ke other m xed |ineage kinases, is thought
to dimerize aﬂgﬁﬁfﬁéﬂ%wg?%éawﬁ P%é‘@&%d% %‘P%%@té?w&‘g'&?éat‘érﬁst ens,
these data furjRehraedhblcWdshal thiBesRs MB@%@&%M&%& eeQghtZe the
phosphoryl ated formof DLK. B. Activation of DLK During Vincristine-Induced

Degener at i on che@vwmingsdentNabstowes(Pimes).ant | bodi es gener ated as descri bed
above were then te t.0 ass E, REFERENCE: . PR4267R]- T DOCKET
NG 504741 02002 WHSE her RO BHBS R Ie OO LL T bt GAFES FRE Wased 1 n
cortical neur GAsninb@khinihgd THE €IS @HSR thandfdchedwliliCdiinet mDEK Jh®LauWsd be
expected, as knockdown of DLK activity pronoted survival. Wen grown as

descri bed abovecvaphst desrtbed ang then Gixerbwith #iord 4. 30 asuapse 24 hewehtier of
phosphoryl at eq-: re. t . CHLE UL € nen

anal yzed by V‘grs er ntyxgll g’teﬁ% g\é%eﬁ%rk g?%rgdood aéaeo éés?gr“lg @e%% ggé\’/g A’ﬂgr?tﬁré%

anti bodi es 3180034 hend ad®@thel Ficgbutial Witidjhe phitiasy ftidwvdyed : foordoh@ntryedn dat i on
t hat | evel s of, Epoggé)horyl aéed DLK CO{I’e| ate with activity and are jncreased
under condi ti dhs P mauTBIEal Next decellipverpggpthsaisgth withd BRthies timgs a#d DLK i n

Neur onal Dise . I N~y ) X K : S
Fol | one. Sooy P L REE B W BBl daly Ao P B A R 1o and

the spinal corfddowlrby thiee EBGIvaghasewish 8at finabwathhventagringeDARI (1c8I00Nte staivd
post-fixed overni at _40C. The cor e, thep equilibrated in 30%
sucr ose/ PBS bé]f‘lgllﬁg gﬁﬁg%w?sﬁﬁ?&ﬁar%ﬁ]ﬂyﬁﬁ%%8&1182}% ¢4 ?‘BWEFQ%I&B?i ons
(20 nm t hi ck) s¥e¢ @itk e safbbe @it fR MM ohl thelgflcand theRidedtvere 800C.
Sections were hydrated in PBS and bl ocked for endogenous peroxi dase

activity w t h vipapredosisgdluprempgye misrosg@yi nut es, fol | owed by rinsing twce
10 POST D19 T4 o 81Ty SepLhanes s bl o (PRI 2%
p- DLK i n 1% B3AK @itB¥w Taritibodies 318 and 319) or very limited (antibodies 320, 321, and 322)

binding to phosphorylated MLK3 (Figure 43A). In contrast, antibody 317 recognized

all three proteins. Antibodies 318 and 319 showed the strongest binding to p-DLK,

coupled with minimal p-MLK3 binding, and thus were used for further analysis.

The antibodies were also able to specifically bind to p-DLK in the context of a

cell, as measured by immunohistochemistry. Both antibodies 318 and 319 stained

DLK-transfected 2931’ cells, with significantly reduced binding observed in MLK3-

transfected 293T cells (Figure 43B). This binding is significantly reduced in 293 cells

that have been transfected with DLK mutants having a mutation that results in a near

complete lack of kinase activity (Figure 43C). As DLK, like other mixed lineage

kinases, is thought to dimerize and autophosphorylate when transfected in

heterologous systems, these data further confirm that these antibodies indeed

recognize the phosphorylated form of DLK.

B. Activation of DLK During Vincristine-Induced Degeneration of Cortical

Neurons

The antibodies generated as described above were then tested to assess
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X-100 in PBS at 4C overnight. Slides were washed three tinmes in PBST and
then | abeled with biotinylated secondary anti body ( 1:300) in PBS
cont ai ni NYOV40BBMA60. 3% Triton X-100 for 1 hour. The sl ipdedasesmwmcrishsed

rAXILIN

w th PBST fol |@V§ﬂE@kE@JC§OPRﬂBﬂHt@0' ncubation with avidin DH containing ABS
reagent (Vect ognimfp)ymm]@;ﬁm@abbymmbat ed in peroxidase sulﬁstrate (Og 05%
di -am no bendi z Tris, 150 MM NaCl, pH 7.6 to which 30% H2 was
added j ust bef‘?S]:“‘rrilheﬁi?E‘)’<1 phesp 16%9W&F“‘1‘5’ wge FﬁCFﬁﬁﬁeéis‘n cqitigal nsurops Bt kasls
stopped by ri rl:ﬁz'eﬁ‘Qré%édhw‘ﬁ?—%ﬁénsﬂﬁ@dTltng'evoﬁﬁi%'eQ St AT L P31 10! ass

slides and coverslipped. Al zheiner's patient tisslUe was pur chased from US

Bi ol ogi cal . Tias§viey prpmated sfuvoral. hbpo gmpi aS(df:scAbzdm:oneandstrqmmdnam s and

agenmat ched cont.r ol re,used for .this an Anal was conduct ed by
V‘gstern bl ot u$ mcr{l&ﬁ?%]’\@ ié‘ﬂ‘ér V81P8£Bl?°§plé éi#lr%%gﬁreaeﬁ%@%a AR Lt s i n
Fi gure 44A dergasblraalttret Babn i@ L@&¥EWesRin lﬂbﬂ%zﬁﬂ@ﬁﬂ{){o@lb% deldfivbPaddv) were
highly el evated in the SODI nouse of ALS relative to wld type m ceG\E

REFERENCE: PR@BIERBHMI%ﬁMQw@d@Q@gP@ 43504 Thisprowke fighe vilidatine cour se
of di sease. NesHEY | e e rIy as 14
weeks (Figure h%g%%vacﬁ)h P %&Brl orﬁtxcc)glt?ﬁgtegﬁtse §§B' aﬁﬁ%r%omgr%%%a un?oms in

t hese ani mal s.cobdifibhsasf neesubltsgesser e observed in human Al zhei nmer' s pati ent
sanples. The levels of p-DLK in cortex sanples in Al zheiner's di sease
patients were increased relative to control sanples (Figure 44C). The

evel s of ‘phosphor yi ab i M ANELRIRSRITIRY | AUEHo Gl WABRGYRLS wer e al so
increased in Al zheinmer™s disease patients refative to control sanples

(Fi gure 44C). Thus mbiukohistogehiistatasshys weee peefouget adallows SO ootalsgafic ALS,
both prior to the onset sta di seas and
al'so in corticgmd %nﬁ‘ieéjg%?egﬁﬁ’nﬁh% arﬂfof’ﬁgkdﬁléy §H<E§’F "B Corc{ﬁweé‘? %‘é‘ﬁl%
Contri buting tr@m%&?dfﬁdle%ﬁeﬂrﬂmomrﬁﬂé}ﬂp%&t@% oVvernidhk gertarrnELb@sve®f DLK
Silencing As evi denced above in Exaggse 14, DLK silencing protects neurons

from degr adat itBen G4 \bé%?fblﬁs%’% BICFEK &z@&w'@edémggm ftTHof erpessetioningadr awal |
and DLK ki nas eCoq'&Ex ¥éctans (2 t%lcx?gver%lcql a(i:ntdldx?u(glte ndl icfe %}fqlfg%{ﬁig(egg\l Kn

phosphoryl ati on et perforimne
expressi on andoact Sthﬂ“oys W@ ey dde in PBS and blocked for endogenous peroxidase activity

with H,O; (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
1 hour, 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
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-
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
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wi t hdrawal stress and toxin-dependent stress conditions. The experinental
protocol s used to decrease the expression of DLK (si RNA) and for

i mrunobl owoi2ng/Mee the same as those described above. 8ciramsesnageyss DLK did
not change bas@;ﬁﬂ@mﬂﬁlﬁc@gﬁégﬁll%el s or JNK activity in DRGs or cortical
neur ons ( Fi gur erroRNeYDGCEOek Goatooyver decreased p-cJun level s after

ei ther NGF wi thdrawal or vjinpcristine-depen t stress in cortical neurons,
DRGS, and synpdERRTEColEnet (ﬂaeaﬂfe ifrecy %ﬂi@ W) EVIdepiin HEBIEIABRIGS & so
decreased p- JNKq| gy el %eﬁjst(ﬁi'gul%'4%%&rwﬂ%s%ig)mrtﬁé’\@lsetq{f AflJfkd @Hgﬁﬁ%ﬁﬁpendent
stress in cortical neurons and (Figure 45). It should be'noted that the
p- JNK ant i bodythgse@oigrilszes t he phosphoryl ated fornms of each of JNKI, JNK2,

and JNK3. JNKI phosphoryl ation dges not .correl.ate with .stress, i nduction or
Phosphoryl aton'of O Mk SR ERaabRn PR S Gp b Fiyanoas. T
phosphoryl at i qgvedf ofMKaﬂdoﬁdﬂﬁmFiEBﬁl Rpskigepy ket PARIntOPGE INRYsddn t he
control sanples in these data is |kelé(hdue to baseli ne phosphoryl ated

IJNKI . The resurlegvastesanttpiaemplexFEgure Ate hglhsrevstsmd phosphptylatdddiNkdawk not

cause degradat ] , t | £,.4.0 8.l esseri
REFERENCE: PRﬂ@%{Y%%M@B%ﬁ%@e%%‘ﬁlégediﬂ%zs g‘é%ageega“c?\%
st r ess- i nducedelptiastploritydlatinples (Fnde t4h0Qp TraskDIOK iswtivated inoir)ecdghizﬁdil ose )
nol ecul es. | fDLK i nhibitiaq rotects neurons. from degeneration throug
limting the ﬁﬂ%ﬁﬁ@flﬁh%ﬁl&agﬁ PIRKY L ansgNKIy™Pioats aPART e eot Hagsiof INK2 or
JINK3 shoul d al Q.1 A LAlo NLBFRMSapRITOH ﬁun@aﬁ%z@h&ﬂ&gﬁ@nﬁegeneraﬂ on. The
ability of direct JNK inhibition to protect neurons agal nst NGF
wi t hdr awal - dependent degeneration was al so assessed. DRG expl ants were
treated with anti-NG.and. either pan-JNK inhibitor. JN r . JNKVILIT, prior
to assessnent in the et o Bl '-i':'va'-'--* B’@l—%gétﬁeg Both inhibitors
were able to protect. MR@cﬁ&pEwngmezygﬁ%ependent degeneration (Figure
46): JNKV (Cal bi ochem) was nost protective at a concentration of 5 M and
JNKVI I (Cal bi ocherf)s eidenced shewnintzamels 1df DEKsilencing praiepts nfyromshirerh  IJNK( s)
wer e invol ved j ect f(jfgﬁ, furt.her kno
experinments \/véSf r gr a%%ir%fl gllr??rcgggnﬁg itogtgr(;)g‘%heg(%gs\gﬁee&r’t’é hocf%ﬁt%g‘%&égawal’ a%ﬁ(iﬁ“%

kinase activity is involved directly or indirectly in JNK phosphorylation. Experiments

were performed to assess JNK and cJun expression and activity under NGF
withdrawal stress and toxin-dependent stress conditions. The experimental protocols
used to decrease the expression of DLK (siRNA) and for immunoblotting were the
same as those described above.

Silencing of DLK did not change baseline JNK protein levels or JNK activity
in DRGs or cortical neurons (Figure 45). DLK knockdown however decreased p-cJun
levels after either NGF withdrawal or vincristine-dependent stress in cortical neurons,
DRGS, and sympathetic ganglia neurons (Figure 45). DLK knockdown also
decreased p-JNK levels after either NGF withdrawal or vincristine-dependent stress in
cortical neurons and DRG (Figure 45). It should be noted that the p-JNK antibody
recognizes the phosphorylated forms of each of INK1, INK2, and INK3. JNK1
phosphorylation does not correlate with stress induction or phosphorylation of cJun.
DIK knockdown silences stress-induced phosphorylation of INK2 and JNK3. The
background signal observed in the control samples in these data is likely due to
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
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descri bed above. Silencing RNAs specific for JNKI alone were not able to
replicate the effects observed with the pan-JNK i nhibitors (Figure 47).

| nhi bi t oryORNA#48816RNAS) for JNK2 or JNK3 al one were notCahiSeomnsyysdt ect
DRG agai nst  ax&{k RESSGRCER PRBcHRIAWoNGE W t hdrawal (Figure 47). The nost

ef fective proteeiorE WIS \sed405hvide presence of silencing of both JNK2
and JNK3, though even this, protection was not the same extent as siDLK

al one (Figure ‘%ﬁﬁe.e Og NHSS“F@“geméﬁhofﬂ?ti%ﬁ%ﬂ 'iin'E fagieoastisationyof RABwWN to be
responsi bl e fgpoeXR&, Mai nt enance and synapse maturation, whereas JNK2 and

JNK3 are known to be stress-induced and involved in cJun activation and
apopt osi s/ axon degdhBLEtinhitibGpfdtenys murals fromldeghisuatomahrou@Plithiting tl335- 4345,
2002; Coffey et al.. .J. Ci 20) . 7602- 76 00 The fact that
DLK i nhi bi ti orPhP%PéWRPi‘ast“’P%?iﬁ@Pﬂ%r”%gé&%‘bﬂ_"g%@ﬁc\%@gﬁf%%@ﬁ SRR 1/ 573
i nhi bi tion st regtthesdggasintell Aadth Bhdaion d'e?é?{eﬁ'tibﬁ)f Yhd iOHf BreciPNR
mechani sms of neuron growh and/or survival in addition to its role in the
JNK/ cJUN pat hvighibitien torprgisist reursos @gaiast NGIDwkhdraypledeponssnisdegeherdiins vemggest ed
that a dom na AY i - tant.for Kl causes
trophic eff ec?d gsoﬁggg%ega?r%ﬁ&é%%ﬁ%tggﬁgér%teg# l@ﬁg{lﬁ S al%lr_letlftihgr %ﬁ“é’f@ pars
conpact a, wheriekibiter JUN 0aMNK VIBD @tibv® akesdmat id)h’;(N«:}In\t/iaﬂdﬂ&\fwAAﬁ}’L : 1 GN\E
REFERENCE: PR4267R1- ATTORNEY. DOCKET NO. 50474/ 020W2 only the |eucine
zi pper donai n écég’eﬁi\\é%%v@a@é‘@ 18libHos Mregitle oanelgetdiR@rxplants fpm L |
28(3):672-680,4 -d ] i %8I INEU Q8L S M d [ ; defined
by an i ncreasegg%%ﬁ%tere%?%ﬁ}éﬂzlgﬁ%%zi) i nf gg?‘éﬁ’ ngﬁ}r‘g%sﬁ%igﬁég%g% “a
particul ar mardoscentratidmesf 5t e nardW KN Calbiveheray atrmopdealradince]4 ((Nif f er ences
bet ween i nfected and .noni nf ec urons. The inppact of DLK sil encing was
accordingly invest ﬁgfdg‘féﬁ‘fjf Wﬁgéﬁﬁﬁiweﬁ%ﬂfv@ﬁ%‘?%ﬁe Prseryed pidecHYotlehl s used
for these studi@RerWR6&dILIE eSRIBAR We?O &f(ﬂﬁé@ﬁ%iﬁ@%e%gﬂéf ﬁrlethgﬁﬁogﬁ%(:kdovm was
0

shown to have pronounced trophic effects in b I neur ons and

cortica
synpat het i ¢ nelgpasthsd glatyse SilendingRN daspscifie fouifiel alofie werk g abldiogeplieste48A and

48B) . Specifi Ctﬁ‘é (|3f¥ects Observex \gv1tt}|1 ﬁl%lp’an-?ﬂg inbi (%fts ?ﬁ%lllr% 49?%1181%30%%9
(siRNAs) for JNK2 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 JNK2 and JNK3, though even this
protection was not the same extent as siDLK alone (Figure 47).

JNK1 1s a constitutively active molecule, known to be responsible for axon
maintenance and synapse maturation, whereas JNK2 and JNK3 are known to be
stress-induced and involved in cJun activation and apoptosis/axon degeneration
(Coffey 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
neuroprotective effect than JNK 1/2/3 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

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

113



i ncreased growt h/survival in culture when treated with si RNA directed
agai nst DLK (observed increase in growh) (Table 13). Table 13: Increased
G owt h ofwmbtd/ggti%q,'rypes of Neurons in Culture after DLRCKuseédooy3z MIT

assay) To furtder REraiines: bRBehiQlo0f DLK in neuronal growth, the levels of
MAP2, were mwﬂgﬁﬁgd@@ﬁ@gmﬁmmi ated protein that is specifically
| ocal i zed to dendrites, MAP2 expression in cultured neurons is reflective

of neuronal neth¥ the Qg gpPesqneadn eRs nobsiyss wich phfets (Gher et ed Navgese!

pro- growt h congi4\@BSen! FHaehi gy i :

dom nant - nega?ikI &ie)%aﬁgpn%?plggrgﬁ? ’g{ror%gg%i %ﬁ‘%ﬂ l%{rﬁ%th&?rr‘inﬂdvﬁdtstdgg%egﬁyvag

ki nase- dead f onereaskd Dukbdérmt PR G2 A¢ siédietheurons axjredsingra paftichPharkeot ei n

production. The_.induction of P2 expressi i ndi cates that neuronal growth
and mat urat i orfa%lf“et_ EARPY PIoRTEr "fl‘ﬂﬁl‘tﬁhg{}feﬁ%‘ﬁ?ﬁ%@ﬁﬁeep Cipg RAG08c k down

i ndeed has a fidReilel aB&bnd 'RANpa®bf BEK sqer\ll%gngmc% gﬁﬁ@%ﬁg&?&i in
PR4267R1- WO ATTORNEY DOCKET NO. 50474/ 020 Exanpl e f The assays

descri bed her eiortidabieqyrensiaad DRésse ik pratbriols used fr dicsGtpdies wEmghemathe@pr ot ei n
coupl ed recept.Qr ) t hat decrease degeneration i n neurons.
Experinments vvetg%S%pg%? 1§?R§rr%tz:?vf3'n DRGs to verify the role of G proteins and
GPCRs i n degener at iDIK RAGIRWGYS wad EHRWEXD Bh VoM Bh@Ehcdl iphkifectd $€Bothn t hese
experinments are the sanme as those described in Exanple 14. Pertussis toxin
and SCH 2026760RErEngyEes RS sanaahsts Teepns(opsesediipgrease immpyinbea pbccdiehonst r at e
that SCH 202678;.,f SS9k Ry dey] - j gq&mg Qlast,c,' Lbi ' and
ant agoni st bi n(d}grl%g o G %rg?ialgﬂﬁg%%%}sg récg%fta(%?zé, eﬂg?@%@%@&@?ﬂd@&

wi t hdr awal - i nduoesicd egenlesativelnnicnltDRGhel Feged eith 4@NNdir&D)d. aghesttDISIS i s

t oxi n, anot her f‘jnhi i.tor of G opr t(ﬁi(largeﬁgnaling, al so decreases
degeneration iAPSTR{SF SHEHFDIN & )thdrawal (Figure 51). These data
indicate that G proteins and Gorotein coupled receptors play a role in

neur on_ degener Ao, (AT by AYINIAPRITYIRL beXaToh RO RRDINK o0 11

the assays desgkd ﬂﬂlwﬂglyﬁ"lﬂass _ “arolein eneration
pat hways, are nenbers t'he D€t a- catenin signaling
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 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 growth and
maturation are taking place, and further confirms that DLK knockdown indeed has a

functional trophic eftect on neurons.
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pathway and its downstreamtargets (e.g., transcription factor 4, TCF4).
Experinents were perfornmed in hippocanpal neurons to verify the role of

bet a- cat embno%i{@q4 in neuron degeneration. The exper PEEASa009p5T8DCOl S
used in these GXPRIFNRREE: AlBetiSvgame as those described in Exanple 14.
The data show ARYrNEXRIRSETND. Qb7 i tutively active GSK3, which can
result in loss of beta-catenin, nediates a decrease in neuron viability

(Fi gure 52; tcfp‘ﬂ%@@ﬁﬁ panel ). The expression of a dom nant negative form of

1074 also medial es jhe doGISR3G 0 leigéhtl‘ﬁeﬁgé\leﬂlYnh(ilﬁ{ogsu?te(}-g?oteipﬁﬁﬁd%q right
panel ). These data indicate that the beta-catenin signhaling pathway is
i nportant for préteinraipliteracmers §GPORs)rthat decradoe ldegeperatioinmeiioms. t hat t ar get

the beta-catenin signalin th be used t not € neur i
degeneration ( P&F@%%WF{?&FE@EU%}?B@%@%@&’FE& tﬁe @i‘:pgé@ﬂ%ﬁn%ﬂﬁl @ﬂ%’int ors of
TCF4 activi ty.dep&RRYigh peth¥ays2Gthl bREQHnTenel F%&Isﬁﬁé@i’ﬁ' thes@RepeHitchisrgfgl | ng
may prevent axon degeneration and neuronal cell death.JKA JLIN | G\E
REFERENCE: PR426BY R1 3@ JEFTRNEYECOORET4. NExrtuEs 8 oAl 0 e\WOH 202686 vEndodi ment s

Al'l publicatiaqn n atents g£ited in this specification are herein
i ncor por at ed ﬁcrhg grf%r%goca{gEﬁ?scéeg% i ndi vi dual publication or patent were

speci fically and i Mk vhtddahbistiattdhaBRU2026768 JufkoanRPfatiBe Bihpbeliehance.
Use of singular fornms herein, such as "a" and "the," does not exclude

i ndi cation of RHBiAsPPIESIIIaTaaenipI Nifdine ST potdmFagdedhRepion deseasentiCEat es
(o the contraryunphlNotld SRR BRAIFiRRE dRFSH) RN SQHE detall
eXanpl e for clarity o

by way of illustration an purpdses 0
under st andi ng,anbdtheminhibitdrenfrGe puabitdity sigpadiap eaito deorehdeo slegenbratoinneoyonski |1 i n

the art in Ii af t eachi . of the invention that certain changes and
modi fi cat i ons%glil‘i)mﬁ% d‘@‘_%fqi‘é‘?’aggg‘gﬁetsﬂgu@ed‘é 4P EI}dH‘g"teftF}%}rﬁ'PWém%%ﬂrﬁdiQ‘ or
scope of the gindeshied f%béﬁorsmgta rbl2 i&h&fré@&j@é sorktiont, | A 1 GNE REFERENCE:
PR4267R1- WO ATTORNEY DOCKET NO. 50474/ 020W2 Clainms 1. A nethod for

i nhi biting degeneration of a neuron or a portion thereof, the
Example 17

Additional cellular targets, identified in the assays described herein, and which
play a role in degeneration pathways, are members of the beta-catenin signaling
pathway and its downstream targets (e.g., transcription factor 4, TCF4). Experiments
were performed in hippocampal neurons to verify the role of beta-catenin and TCF4 in
neuron degeneration. The experimental protocols used in these experiments are the
same as those described in Example 14.

The data show that expression of a constitutively active GSK3, which can
result in loss of beta-catenin, mediates a decrease in neuron viability (Figure 52; top
right panel). The expression of a dominant negative form of TCF4 also mediates a
decrease in neuron viability (Figure 52, bottom right panel). These data indicate that
the beta-catenin signaling pathway is important for the maintenance of neuron
viability. Inhibitors that target the beta-catenin signaling pathway can be used to
promote neuron degeneration (e.g., inhibitors of beta-catenin expression and inhibitors
of TCF4 activity.) Conversely, activators or beta-catenin and TCF4 signaling may

prevent axon degeneration and neuronal cell death.
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met hod conprising adm nistering to the neuron or portion thereof an agent
that nodul ates: (i) the activity or expression of a target protein in the
neur on orwpanto/masdsbhereof, or (ii) a process in the neuPcm/US2OPOsITBHN

t hereof . 2. Th@%ﬁﬁ“ . Aﬁ% 1gwowherein the inhibited degeneration is in
the axon or trwﬁfﬁ$ﬁg§§gé§§$Néﬂ%nggﬂhﬂﬁ. 3. The nmethod of claim1, wherein
the neuron or portion thereof is or is conprised within a neuron sel ected
fromthe groud5@@ﬁ§ﬁ@@hﬂﬁm@f a cerebellar granul e neuron, a dorsal root
gangl i on neuron, a jcak : -het i r [ canpal
neuron. 4 . The neﬁﬁgg&%ﬁa%¥§?%§§¥mﬁ %%égﬁaégﬁﬁbgﬁﬁﬁﬁf§$%¥?ﬁé“%ggﬁﬁgg in at
| east a 10% delpyrrefesance os it bachdedjeidedl publivatioh oBp4xai wead spedifiedfllymadr ons or at

| east a 10% decrease. in the degeneration of axons or cell bodies in a

popul ation of RENREAY Bdic fsﬂffal?eelecqraoratee bhisieengso bl af pagrlgtfopeiisns. 5.
The nmethod of Glrhdrat raantﬁé,eU&stﬂ%?eiﬂQQﬁdipe[tBh%lfEle'cﬁrrés%%%ﬁ%gluia{l Bt he
group consisting of dual |eucine zipper-bearing kinase , gl ycoden

synt hase ki nasml@bthe@BrBxtindicpdsonhd agenayacdtlihveglettc prvett@inrhak beamse (p38

R L S N e TN R T
N-termnal Ki nagerstddiky, it BOLZ R8ERGHadrad t%tlﬁ%@&ﬁirﬂ'inéj@l@(l%l ki ENRMARE of

cal ci um cal nodul i n- dependent protein kinase kinase (CaMKK), a G protein, a
G protei n coupheiachiegsef ghe intengipr thet ¢srtaiirehfiages end modificripns mapide adat eni n;
or the processyis, LI I PLd r.ol.ej nthesis. 6. The method of
claim1 or 5, St\%rgtro eVFI?]}B? ﬁ%ép glttgfélg? ro?{sthgrsﬁ %lﬁélr?%;gﬁleoorfq@ api)ﬁ%(gfi 5%%?' protein or
process.JA 1 i 1 GNE REFERENCE: PR4267R1- WO ATTORNEY DOCKET NO.

50474/ 0202 7. Thgygethod of claim1l1l or 6, wherein the agent is selected
fromthe group const&ditgaeRdds antibody, pol ypeptide, peptide, peptibody,
nucl eic acid nol ecule, short interfering RNA (si RNA), polynucleotide,
aptaner, small nol ecul e, and pol ysacchari de.
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8. The method of claim7, wherein the antibody is selected fromthe group
consisting of a polyclonal antibody, nonoclonal antibody, chineric
anti body, whunewi4gsetd anti body, Fv fragment, Fab fragment pCFais2oboegaent, and

F(ab') 2 frag ¥ ) . nplecul e is selected fromthe group

consi sting of %gﬁ% E;‘é?ﬂ;‘;ﬁ" inhibitor VI, GSK3b inhibitor VIII,
GSK3bi nhi bitor XIl, Lithium Chloride, Tyrphostin B44, Tyrphostin B42 (AG
490), Anisonycin, Cycl ohexi m de, Roscovit4®é, Forskolin, Acti nonycin D, Bax
Channel Bl ocker, bortezom d, disulfiram pamapinod, gefitinib, erlotinib,

| apatini b ditosylate, deneclocycline hydrochloride, gentamcin sulfate,
neonyci n sul fate, pardmethedifer ishibitiag degeaneition g rancweneurtaiposidnythaedeftabl e
salt thereof. 9..The nethod .of .claim6, wherein the inhibitor is a DLK

si gnal i ng i nhi'BYPgt comprisgesdminiFipipe g the ngyrqagE OB RSP IRAEE IS . or a

G protein inhihbduMtes: i the hb®vifRr BRte@iondfai i priBRLL tHR deli@nioPPbldbh Or i S:
(i) a DLK signaling inhibitor selected fromthe group consisting of an

si RNA nol ecul ehergefget iihg poickss imhegicRA oppdrden therepfir get i ng JNKI, an si RNA
nol ecul e targeting JNK2, an si RNA nol ecul e targeting JNK3, a snal

mol ecul e, T278A DLK, .$281 ., K152A DLK, . and..t he | euci ne .zL pper donai n of
kS Ty a2 Eekan i Te ot llh d T Em bR D e bt Gy MRS s
inhibitor I, K bodpiobibe@euMh] , GSK3b inhibitor VIII, GSK3b inhibitor

XI'l, and lithiumchloride; (iii) an EG-R pathway inhibitor selected from
the group consisting of erlotinib, tyrphostin B44. tyrphostin B42/ AG 490,

and a snmal | nol ecule;mQr.. Gl i inhibitor. | erd.ussi s toxin or
a smal | nDIecuIe.A311T8Pﬁﬁk%é§kgﬁﬁg;ﬁh%ﬁéﬁ?3 Hﬁ%?éﬁﬁvwﬁ%%?&kNﬁ > DOCKET NO.
50474/ 020\WO2 Xkbmpiikel wigiihadeabn edlaited Fom \Weafr@ipconkistinpeifla@arebEllP @fdnuen
thereof is present in a human subject, in a nerve graft or a nerve

transpl ant, orfePONekdersa)EoQsgangiioyngyrgn, aoprticplpeuran, R sympsthetic gewron.andgher e n
sai d subj ect, frRafipdin€Ghni Nto whom the nerve graft or nerve transplant is
to be introduce&f has or is at risk of devel oping a

4. The method of claim 1, wherein said administering results in at least a 10%
decrease in the degeneration of a population of neurons or at least a 10% decrease in
the degeneration of axons or cell bodies in a population of neurons as compared to a

control population of neurons.

5. The method of claim 1, wherein the target protein is selected from the
group consisting of dual leucine zipper-bearing kinase (DLK), glycogen synthase
kinase 3B (GSK3p), p38 mitogen-activated protein kinase (p38 MAPK), epidermal
growth factor receptor (EGFR), phosphoinositide 3-kinase (P13K), cyclin-dependent
kinase 5 (cdkS5), adenylyl cyclase, c-Jun N-terminal kinase (JNK), BCL2-associated X
protein (Bax), Th channel, calcium/calmodulin-dependent protein kinase kinase
(CaMKK), a G-protein, a G-protein coupled receptor, transcription factor 4 (TCF4),
and [3-catenin; or

the process is transcription or protein synthesis.

6. The method of claim 1 or 5, wherein the agent is an inhibitor of the target

protein or process.
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di sease or condition selected fromthe group consisting of (i) disorders of
the nervous system (ii) conditions of the nervous systemthat are
secondar ywoaomltldséstease condition, or therapy having a pcirmsegoetfest

outsi de of the.eky %Eﬁ&kl‘{l\l‘,b) injuries to the nervous system caused
by physi cal , np%ﬁfeﬁocm %&amiovmzaurm (iv) pain, (v) ocular-related
neurodegeneration,rﬁ( menory. | gss, and vu% psychi atrlc di sorders. 13.

g ¢

The method of clai 18te W’é‘?de‘?fﬁlaé@llcf’rédh‘?‘ﬁ?@tt %‘F@“ﬁé@lﬁﬂ"?‘%ﬁ?rﬁ therpeast a
107 dect ease | Qi it i Bh, g;‘&ﬁ}gﬁu e RBkddS S RAOLiPhofEVE) op! nd,

sai d di sorder of ner vous he nervous system t hat

i s secondary tshod mth"@&gd?,NAQslHNW),cpo,lyrmcleomc apyméravnaimalepule,raady ef f ect
out side of the nervous, system injury to the nervous system caused by

physi cal , mecHSeea% " chemi cal trauma: pain: ocul ar-rel at ed

neur odegener at i on; rrermry | oss; or psychiatric disorder. 14. The method of
claim 13, wherein said one or nore synptons are selected fromthe group
consi sting of trendtslheghahatef<layh 7nwhemi@rthe argitbady i scleged from thagrane e,
depressi on, decr ed Q nction .1 oss, long-term
menory | oss, con uérllgo(’f%p% PYar?grj%lsanlLﬁ()&é?lé)g%cé 4 antlbpgﬁg?h%éw&#lﬁdgul ties, loss

of sensory periugpiiad anti@as, it fvighient, Oab @eghent TRARDAGS Serit in@ ¥{dbeP b b@snt;
nuscl e weakness, nuscle paralysis, nuscle cranps, nuscle spasns,

si gni ficant ch%fnges in eating habits, excessive fear or worry, insomia,

del usi ons, hal | uci nad érl%lgmﬁegx%lé %%@kect@é‘g%rzn?f}én grénslﬁ @(%‘F}Stigggp(}Sﬂklgﬁﬁl i

45
probl ens, headache, rapi rate urr VI sion adows or
m ssi ng areas @SKW mhibitpr WHi GRES P mbisioa VL GE 3 iahibi tomnX K dlitiung iChi aide,

decr eased rec of fungt i f er exposur bri. h light, and
| 0ss |?1 vi sual 6&#??%?&’2@'@%&%%‘%/?&(3% §)é‘ﬁ’y%‘{n‘:ésu ﬁgégﬁ | P‘F—?gf HEYR1- WO
ATTORNEY mﬁﬂbrm@lm5&&%519@Q%a%@haﬂ}@Bm%kaogo@zoﬁl@lflﬁhﬁ'gamV"her ein the

di sease or condition is: (i) a disorder of the nervous system sel ected from
the group consrramapmg)d@geﬁimyloterlgtpmb>danaémé)rdaﬂoS)édb,eiemplgcb(c}m&lydrwhhgem nal

neural gi a, gl ogsophar yngea net?n% Wi !slgfa?ei garompglggpgu]%%? Fﬁg %}E{A:&Jaué?dl oo

muscul ar dyst rophy, prog réSS| nuscu cIerosis
(PLS), pseudokistdpaablpaltsyeredtr ogreSS| ve bul bar pal sy, spi naI

9. The method of claim 6, wherein the inhibitor is a DLK signaling inhibitor,
a GSK3p inhibitor, an EGFR pathway inhibitor, or a G-protein inhibitor.

10. The method of claim 9, wherein the inhibitor is:

(1) a DLK signaling inhibitor selected from the group consisting of an siRNA
molecule targeting DLK, an siRNA molecule targeting JNK 1, an siRNA molecule
targeting JNK2, an siRNA molecule targeting JNK3, a small molecule, T278A DLK,
S281A DLK, K152A DLK, and the leucine zipper domain of DLK;

(11) a GSK3p inhibitor selected from the group consisting of GSK3 inhibitor
I, GSK3p inhibitor VII, GSK3p inhibitor VIII, GSK3p inhibitor XII, and lithium
chloride;

(iif) an EGI'R pathway inhibitor selected from the group consisting of
erlotinib, tyrphostin B44, tyrphostin B42/AG 490, and a small molecule; or

(1v) the G-protein inhibitor is pertussis toxin or a small molecule.
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muscul ar atrophy, inherited nmuscul ar atrophy, invertebrate di sk syndrones,
cervi cal spondylosis, plexus disorders, thoracic outlet destruction
syndr oneswoperwgahaﬁal neur opat hi es, prophyria, Al zhei nePC3/USe@oA6E33

Hunti ngton's diﬁ@ﬁ%ﬁh N%%kbﬂﬁgﬂugwglsease Par ki nson' s-plus diseases,

mul tiple systemgd CRFPE6.8551wePr anucl ear pal sy, corticobasa
degeneration, denentia with Lew bodies, frontotenporal dementia,

denyel i nating di seades’heasithadzf slaga  r whergindhoraaronypertsndheseqfas preset in

Char cot - Mari e- Tﬁlﬂﬁ%}l b%@tﬁem Qgﬁgﬁﬁé}é‘(?g%ﬁ}f#% ﬁeggwagr%%sease

Ger st mann- Straus ndr onme ral” i'nsomi a
(FFl'), bovine sponglforn1encephalopathy Pick' s di sease, epilepsy, and Al DS
a condition selected fromthe

denential conpl ex; ai_n a Wi
group consisting of! ﬂ#ﬁ 9@ﬁ9 aﬂ?ﬂi'gm?gpé@§5m§ﬁ¥ﬁ§PSb@Fﬁlmﬁéﬂﬁgﬂi?unne

syndrome, pai meOithe 8P%Se tratfsplfit it todbe 1ﬁ&6cﬁ¥cé& Ras HGEHATRE? deRBphd 4 OM
surgery, muscle spasms, back pain, visceral pain, pain frominjury, dental

pai n, neuralgHhﬁﬂsuvwoabuw@ﬁmq@ﬂdbﬂmﬂwmﬂumdpamhu@Cﬁa®dwombmméﬂwnhh@nwat|on
or danage, shingles,..herni.ate isc, tor nd_di abetes; (ii)

peri pheral neuV%S%tﬁ?cgypﬁéﬁrglﬁfﬁ“@ﬁﬁ?@%nb@gﬁyggﬁP% @éﬁgg? > Al DS,
hepatitis, ki divayitidy, Scfrlﬂmﬁé yQﬁvm@@pﬁEr@@Qeffdcﬁ&til@é’@ﬂ the Hé@@ﬁsﬂ?ﬂbrﬁ; (uﬁ| \Y
infection, | eprosy, i sease, pol%arterltls nodosa, rheumatoid

arthritis, sarlébliﬂé%)@lt en@ywrs@ﬁerwwﬁ hrephysigah merlanical; of ehemical trpursa,
eryt henat osus (1t AT AAARRA neliolikdenBEEY dl(agﬂat%&%ng% W 8Hh O Fxpsie o

t oxi ¢ conpounds eavy netal s, ustTi al rugs, erapeutic
agents, dapsondsorddry/ nedlcatlons, chol esterol |owering drugs, heart or

bl ood pressure nedications, or ormetroni dazole; (iv) injury to the nervous
system caused by physical, nechanical, or chemcal trauma; (v) a

psychiatric disorden. sabagiied o&eramlﬁ@%mayealggmfn%&érﬁg &l t§fhhdt¥éaﬁc*}{ eni a,
del usi onal disorder, schizoaffective disord schi zop en| orm shared

psychotic d|soMB@dﬂW%@WEMU@psnwpawam@m@(ﬁamgbﬂhkdﬂWO®o%®wdempg§aﬁl20|d
personal ity duﬁor borderlin ers soci.al

di d
personal ity diSorde ePfﬂﬁé?\Pg%ﬁgﬁ et N %Tﬁgﬁﬁ KLU ﬁﬁ%‘ SEIRASEY 12 WD

ATTORNEY DOCKElseba, cadfiich, O20MERy Reia iy cHéd 0udRE of BR$ESSLYSsepipul sive
di sorder, delirjum denentia, nood
injury to the nervous system caused by physical, mechanical, or chemical trauma;

pain; ocular-related neurodegeneration; memory loss; or psychiatric disorder.

14. The method of claim 13, wherein said one or more symptoms are selected
from the group consisting of 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, muscle spasms, significant changes in eating habits,
excessive fear or worry, insomnia, delusions, hallucinations, fatigue, back pain, chest
pain, digestive problems, headache, rapid heart rate, dizziness, blurred vision,
shadows or missing areas of vision, metamorphopsia, impairment in color vision,
decreased recovery of visual function after exposure to bright light, and loss in visual

contrast sensitivity.
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di sorders, bipolar disorder, depression, stress disorder, panic disorder,
agor aphobi a, social phobia, post-traumatic stress disorder, anxiety
dlsorder\vendumn&ubse control disorders; or (vi) ocul ar PCEIsLE/061733

neur odegener at SRR group consi sting of glaucoma, |attice
dyst rophy, retﬁm\}fm%ﬁ%%mﬁl ated nmacul ar degeneration (AMD),

phot or ecept or degeneratlon assqciated with wet or dry AMVMD, other retinal

degeneration, opti d> néh%lem%igéﬁa%b%u@eﬁémhsﬁﬁew Ora?fﬂméfﬁtlﬁc neuritis. 16.
h h f I
The method of clai g?%%aso%?éﬂhgnéﬁ&é s@%t%%el%&e& gmnds?% gl‘aHﬁc Rbiff ?bdfe ots.

selected fromthe oup consi sting of “burn, woun y, acc
i schem a, pr olaorygtrdplex jatsalseletosis €ALH), trégrpenad hewrelgias gllosﬂopharyrrgealatenalglaa,l

henor r hage, cerebral henorrhage, the glaucoma is selected fromthe
group consi st .q%q?& sy vy gé%bﬁﬁlhbwlaﬂ,d}éﬁgrfhanprasrgﬁﬁemuscw ﬂ&p&y’

angl e- cl osur e Gind ARl @6k (ﬁm;)l ﬁgeﬁ&&waﬁpeg&}aBﬁ@f@m&t\ngﬂpms ngliar cl osure
gl aucommn, intermttent angle-closure glaucomm, chronic openangle closure

gl aucoma, pi gmdw&t@mbﬂa@mtedexmsoulamtrqphy,gnm@bm digkesyadropwr eemyical
OO < Cr SRR s S AR Mhor PREGRRE! Gy fll FUERTRN oS ANROMT, SGegndary Lo

i ntraocul ar Te grauco

dr ug-i nduced glleampams prr@ﬂyﬁa olighiGbm@s digdask, ghauea s s assas)] Rirgdsontst h
i ntraocul ar tupors,_retinal deatchnents, severe chemn cal burns of the eye,
and iris atr o;slwasell?arkmﬁél Trelup digeases, 1 LtemMEPEY-Pregiessiye AERIaRYCHET of ~ t he

neur on o1 pOr 0 AAGHERL el fed A5, AGERN SIS SRARI Tl hEAY Lo Che
g ol

subj ect a pha teutl ca 03|t|on conprising'the dgent. The net hod
of claim 17, \Alhmlemfndelhﬁlmalmngrdlsaae:rsj (ﬂgﬂlam—]}m*ersyﬁadioma,tmiﬂypiemtlmmsnous

infusion; in tion . travenous, intra oneal , tracerebral,

e ameeul o et Bl TR e o (G S IR Eakob s Geipaiar

Lopi cal or octhashpBkisalc ofhfrhe (6O GHFHRERERENR. (FRA2GARL VO ATTORNEY
DOCKET NO. 50474/ 020W>2 19. d of claim17 or further

conpri si ng adiperigsionn erggphaonatiey, Bighj seh&ea@nqnbpsm@AHb&ldethaﬂ complex;
phar maceut i cal age?iti)spain associated with a condition selected from the group consisting of
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;

(i1) peripheral neuropathy or neuralgia caused by diabetes, cancer, AIDS,
hepatitis, kidney dysfunction, Colorado tick fever, diphtheria, HIV infection, leprosy,
lyme disease, polyarteritis nodosa, rheumatoid arthritis, sarcoidosis, Sjogren
syndrome, syphilis, systemic lupus erythematosus, or oramyloidosis;

(1it) nerve damage caused by exposure to toxic compounds, heavy metals,
industrial solvents, drugs, chemotherapeutic agents, dapsone, HIV medications,
cholesterol lowering drugs, heart or blood pressure medications, or ormetronidazole;

(iv) injury to the nervous system caused by physical, mechanical, or chemical
trauma,

(v) a psychiatric disorder selected from the group consisting of schizophrenia,
delusional disorder, schizoaffective disorder, schizopheniform, shared psychotic

disorder, psychosis, paranoid personality disorder, schizoid personality disorder,

borderline personality disorder, anti-social personality disorder, narcissistic
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20. A nethod of identifying an agent for use in inhibiting degeneration of
a neuron or portion thereof, the nethod conprising contacting a neuron or
portion tWwerewfo4sidbh a candi date agent in an assay of aProm/US2ZONIBEITEHN

degenerati on, p! 111: R e ePt LR educed degeneration of the neuron or
portion thereo{ridk ‘%‘q)dgmgog ol candi date agent, relative to a

control, indicates the identification of an agent for use in inhibiting
degener at i on d¥ersenEy disprdes opwpyosPrrmids egtisorder, defifamgdernadiaonoed ai m 20,

wherein the as 4 ] LS.:Sel ed f it he group
Consi st ng.of i, LENER R AR TR LA, B3ir BsSt e tbts
depri vat i on/ KGocinkghobial post-trandaticotressalierder ek ivgndisordst, anHigpake badrodf cl ai m
20 or 21, whergin_the candi date agent is selected fromthe group consisting

of an anti bod zlsoﬁ%riiﬁépti de, peptide, peptibody, nucleic acid nolecule,
short interfering WOéLﬁér%ed n@ﬁ’ﬂoﬁ{@éﬁéﬁﬁ’éﬂ éif‘e'cteﬁ@xtoﬁpﬁé ?rozlg%bhsiﬁﬁ%%@m e, and

pol ysaccharide. 23. A pharmaceutical™ conposition or nprisi ng one or

more agent t haglavcamafettiosddtrophy, retinkistpighegpérser aatirdated masulaedegemeraiionpor t i on
thereof. 24. T har maceuti cal conpositi.on. or kit of claim 23, wherein the
one or nore ag(gﬁ/t[ﬁ)’ Bﬁ(ggrﬁﬁ%t(gi ﬁ%efaﬁgn PIAFIATRE Sith wigt m@lﬁth%FﬁrﬁPPa?an EGFR
pat hway i nhi bidegénerdﬁbn,&)p@c REQE Ghiled, BBiiDhdu@EpathyDandldpic RB@sRCEut | cal

conposition or kit of claim23 or 24, wherein the one or nore agent is
selected fromthe group consisting of GSK3b inhibitor I, GSK3b inhibitor

VI, GSK3b inhibit @K 2 ptor XL Lithium Chloride

Tyr phosti n B44, Ty?%hgg% %ﬂr?t 5@2\@1 587%}1,693 %?ﬁgén ula]it%)]?le(ﬁ/e(r:‘fogr%%(s#enrﬁl icie,

Roscovi tine, Felestko friom, thdgiolip oonsiting B biBa wddnd viglerBlacgkers, isosmtiezom d,

di sul firam pamapi nod, gefitinib, erlotinib, lapatinib ditosylate

denecl ocycl i nd NOGERPIIIESE coldtempatptpiengiioke pritassaial hopomirecradyeesbrakeT NO

50474/ 0202 gRplaRkd & sul fate, neonycin sul fate, parononycin sulfate, and

pharmaceutically acceptable salts thereof. 26. The pharnaceuti cal

conposi tion or kit thfglajcammPstlectwkdros the ighmpenesissing wb pemayestducbma, 16w) a DLK

signaling inhibitor selected fromt hle aroup consi sti ng qf an si RNA
lenston glaucomd, primary angle-closute glaicoma, acute angfe-closure glaucoma,
chronic angle-closure glaucoma, intermittent angle-closure glaucoma, chronic open-
angle closure glaucoma, pigmentary glaucoma, exfoliation glaucoma, developmental
glaucoma, secondary glaucoma, phacogenic glaucoma, glaucoma sccondary to
intraocular hemorrhage, traumatic glaucoma, neovascular glaucoma, drug-induced
glaucoma, toxic glaucoma, and glaucoma associated with intraocular tumors, retinal

deatchments, severe chemical burns of the eye, and iris atrophy.

17. The method of claim 12, wherein the contacting of the neuron or portion
thereof with the agent comprises administering to the subject a pharmaceutical

composition comprising the agent.

18. The method of claim 17, wherein the administering is carried out by
intravenous infusion; injection by intravenous, intraperitoneal, intracerebral,
intramuscular, intraocular, intraarterial or intralesional routes; or topical or ocular

application.
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nol ecul e targeting DLK, an si RNA nol ecule targeting JNKI, an si RNL nol ecul e
targeting JNK2, an si RNA nol ecule targeting JNK3, a snall nol ecule, T278A
DLK, S28IW0DRLH)/048M62A DLK, and the | euci ne zi pper donai RCOUSBOK/06(7B3) a

GSK3b i nhi bi t QiviskbRSERer! FOBhSv@r 0Up consisting of GSK3b inhibitor I,
GSK3 b i nhi bi t&TOMN@%N%E,E’EgﬂWOW I, GSK3b inhibitor X I, and

l'ithiumchloride; (ii%% an EGFR pat hway inhibitor selected fromthe group
consisting of erl ot!Pni ?“FWBHB%Iﬁ%_rB%MI,&f‘}‘?f’ﬁh%?ﬁrﬁlwﬁﬂ@_stﬂ%toé]ﬁ‘ij a snal |
mol ecul €; 0 (dhoi'dhE o Bfeadfdnh PR OiichPagB L USST S LOXin or ‘2 smal |

nol ecul e. 27. The pharnmaceuti ca nposition or kit of claim23, further
conprising one or nore pharmaceutically acceptabl e cxcipients or

instructions for u f the conposition or kit in.g.method for inhibiting
degeneration of a ?@u?ﬁﬂeg?d%@H@F@Hngﬁ%?%@¥§“2§?n Ao HeHeBy a4 ¥t i ng
degenerati on Qfeunde P6:@6n Herd AR tkt@Bd EHEH N0 cotnﬂl%tiﬁ%at Rodot@PkdcH N9

adm nistering to a neuron or portion thereof an agent that nodul ates: (i)

the activity dheresdpridssiapdidete agent ar geasspradtaspmor reuronalegengrasionovhepent i on
thereof, or (ij [ Ss.kn the.ne n or portion.thereof. 29. The met hod
of ol ai i 26, e TR RRERR MR B APy hoiRShBR GBI s et o0

consi sting of thiuahdidetapar, rZlappefo-datrbinthdidarta s iddkikkaticsl ofapgesmt sent hase
ki nase 3b (GSK3b), p38. mtogen-activatcd protein kinase (p38 MAPK)

epi der mal gro%ﬁ%“ﬁﬁg@ﬁmgﬁﬁﬁﬂ%%wn?@K¥$§@3%Hﬁgﬁﬁﬁhﬂ@§itide 3-ki nase (Pl 3K),
cyclin-dependent kinase 5 (cdk5), adenylyl cyclase, c-Jun N-term nal kinase
(JNK), BCL2-associated X protein (Bax), I|h channel,

cal ci uni cal nodul i n2depbaohethbd pf dhie 20, kilrasethkiassay o Gidon RIERERENCE

PR4267R1- WO ATTORNEY. T . 50474/ 0202 MKK), a G protei

G pr of 61 n' CoudFEaeFHEBABIFLe] PRRIDT Fist SiPyaes 6f 2 et ob NG eni .
or the processniifodidsafsih drvARoK CPFRAL&IdR, MHVYoRESASreaglent. THe Met hod of
claim 28, wherein the agent is an activator of the target protein or

process. 31. The nethod of claim 28, wherein said nodul ati on of a target

protein is an 22. The method of claim 20 or 21, wherein the candidate agent is selected

from the group consisting of an antibody, polypeptide, peptide, peptibody, nucleic
acid molecule, short interfering RNA (siRNA), polynucleotide, aptamer, small

molecule, and polysaccharide.

23. A pharmaceutical composition or kit comprising one or more agent that

can be used to inhibit degeneration of a neuron or portion thereof.

24. The pharmaceutical composition or kit of claim 23, wherein the one or
more agent is a DLK signaling inhibitor, a GSK3p inhibitor, an EGFR pathway

inhibitor, or a G-protein inhibitor.

25. The pharmaceutical composition or kit of claim 23 or 24, wherein the one
or more agent is selected from the group consisting of GSK3p inhibitor I, GSK3f
inhibitor VII, GSK3p inhibitor VIII, GSK3p inhibitor XII, Lithium Chloride,
Tyrphostin B44, Tyrphostin B42 (AG 490), Anisomycin, Cycloheximide, Roscovitine,
Forskolin, Actinomycin D, Bax Channel Blocker, bortezomid, disulfiram,

pamapimod, gefitinib, erlotinib, lapatinib ditosylate, demeclocycline hydrochloride,
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increase in the activity or expression of GSK3b, a decrease in the activity
or expression of b-catenin, and/or a decrease in the activity or expression
of TCF4. WO 2010/048446. PCT/US2009/061733
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gentamicin sulfate, neomycin sulfate, paromomycin sulfate, and pharmaceutically

acceptable salts thereof.

26. The pharmaceutical composition or kit of claim 24, wherein the one or
more agent is:

(1) a DLK signaling inhibitor selected from the group consisting of an siRNA
molecule targeting DLK, an siRNA molecule targeting JNK1, an siRNA molecule
targeting INK2, an siRNA molecule targeting JNK3, a small molecule, T278A DLK,
S281A DLK, K152A DLK, and the leucine zipper domain of DLK;

(i1) a GSK3p inhibitor selected from the group consisting of GSK3 inhibitor
I, GSK3p inhibitor VII, GSK3p inhibitor VIII, GSK3p inhibitor XII, and lithium
chloride;

(1i1) an EGFR pathway inhibitor selected from the group consisting of
erlotinib, tyrphostin B44, tyrphostin B42/AG 490, and a small molecule; or

(iv) the G-protein inhibitor is pertussis toxin or a small molecule.

27. The pharmaceutical composition or kit of claim 23, further comprising
one or more pharmaceutically acceptable cxcipients or instructions for use of the
composition or kit in a method for inhibiting degeneration of a neuron or portion

thereof.

28. A method for activating degeneration of a neuron or a portion thereof, the
method comprising administering to a 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.

29. The method of claim 29, wherein the target protein is selected from the
group consisting of dual leucine zipper-bearing kinase (DLK), glycogen synthase
kinase 3B (GSK3p), p38 mitogen-activated protein kinase (p38 MAPK), epidermal
growth factor receptor (EGFR), phosphoinositide 3-kinase (PI3K), cyclin-dependent
kinase 5 (cdk5), adenylyl cyclase, c-Jun N-terminal kinase (JNK), BCL.2-associated X

protein (Bax), Ih channel, calcium/calmodulin-dependent protein kinase kinase
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(CaMKK), a G-protein, a G-protein coupled receptor, transcription factor 4 (TCF4),
and B-catenin; or

the process is transcription or protein synthesis.

30. The method of claim 28, wherein the agent is an activator of the target

protein or process.

31. The method of claim 28, wherein said modulation of a target protein is an
increase in the activity or expression of GSK3, a decrease in the activity or

expression of B-catenin, and/or a decrease in the activity or expression of TCF4.
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