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si mul t aneously inhibit pain d mal sensati on. Pai n
IS a perception based on siEﬁ@“g%igigféigegﬁ%Eﬂﬁﬁe envi ronment and
transmtted and interpreted by the nervous st.e for review, see MIIan
1999, Prog. 5 frpttieh regaf?slpfman RgRgcLARaT BRteios et InCRCTHE 8V t ouch
cause spegica)ri(Re)S eRaPo¥itibes Rf Abthold driRafikd Paih And BRH-Sla¥aliSorliQs t he
central nervous system ("CNS"). This process 1s called nociception, and the
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the strength of the signal fromthe nociceptor(s) and the abstraction and
el abo2@ti on of that signal by the CNS, a person may or may not 10
experience a noxious stinmulus as painful. Wen one's perception of pain is
properly calibrated to tBERCKGROSNIY OF THFEINVENTION pain serves its

i ntended protective function. However, certain types of tissue damage cause
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ibuprofen, and indomethacin are moderately effective against inflammatory pain, they

are also renal toxins, and high doses tend to cause gastrointestinal irritation,
30  ulceration, bleeding, and mental confusion. Patients treated with opioids also

frequently experience confusion, and long-term opioid use is associated with
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t ar get i ngdighetes, hernes dufcetionsdpeduiticd Tavmuag fedicigaeo FEndsdme 41 ALDS | Hox®Ss NGF.

SUMARY O, THE | INENT) QN 25T0L 5 1A 9E ,0,iRg @Yidgs, poyel human monocl onal
anti bodi es at are ‘t’herapeutic y usefu or franagi ng pai n. Specifically,

the i nvention rq¥ides nnnoclonah.gntibodgﬁstth bi n Eﬁ nerye]%%pmﬂh
factor (NGF). PPeferEEsiynismRdyBhis MeLriRnt MEBves sl i Sl onal
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t he i Aventn Bypatlgcselchr behiargepdotpudubinth leveringreff e apsiy thigeholéaad nt o

cel | cuItH{e nqdia Ehe nonpct onal antibadies of the invention. |In addition
ereby 1¢8sén the amount of pain experienced.

Neurotrophic factors have been shown to play significant roles in the
transmission of physiologic and pathologic pain. Nerve growth factor (NGF) appears
to be particularly important (for review, see McMahon, 1996, Phil. Trans. R. Soc.

30  Lond. 351:431-40; and Apfel, 2000, The Clinical Journal of Pain 16:S7-S11). Both
local and systemic administration of NGF have been shown to elicit hyperalgesia and
allodynia (Lewin et al., 1994, Eur. J. Neurosci. 6:1903-1912). Intravenous infusion

of NGF in humans produces a whole body myalgia while local administration evokes



WD 2011/ 049758PCT/ US2010/ 051960 4 to their use for treating and managi ng
pain, the antibodies of the invention are useful for treating neuropathic
and i nf| anoebaros958i n-r el at ed responses. The i nvemrCiran2610/051v60

provi des fusion proteins conprising tBe sequence of an antibody Fc region

and one or .nore sequences .identjfied as SEQID NO 10,. SEQID 5 12, SEQ
1D NO L4IniSSHeR SR Neperigsisaty b dyaia figadd '105%8%1,0 %@% ONB 22, and
SEQ I'D NGy, ?@g}%@ggﬁs%b?%hﬁs TheR RelRy Q%hﬁéeﬂldﬁl'e%d?%ﬂ‘&Q&rﬁé

described, for exanple,” in International Patent Application, Publication
No. WO 00irpplk@dng widoagandus NQEan porditied ihyhidf prience praBuséntifedtersulles can be

expressed, for le, i lian cells.(e inese ter ary

col1 9 or CE R ar o girpayE B @ Podigpn ity of SHRERR LR FlleR Bt s,
the i nyendingihtly OUbRES Rph&QADLEFe inpir9 T8l aUrdasEPREI BN bantbRRides, nost
preferably human anti bodi es and human nonocl onal anti bodies, conprising a

heavy chaiths Jands af pnigrds susirng iprarae variath of methulis atpgichs @aphlosed dn am no

acid sequ forth hé SEQ 2 2 NO 6,
15 or an E%g‘%ﬁéfv Z}??liﬁftﬁés grl h%rﬁﬁr‘n@no‘%ﬁ%%ﬁ%’ %lgcag]p 8lﬁg?te(?ﬁ$§ﬁjo§}agbul in
fragment tlherfeeh patiehtt héthvacuradib®@ dreghe@nyods dfhethfigavyg. cAddaercanp9Ises an
am no acid sequence as set faorth in SE or an antigen-binding or

| D NO .10,
an i munot&§iigaiaryg @@H’@Wﬁ’ﬁé@%%ﬁbgﬂ%ﬁ?m}?r?’ b hrrehten drarastrated gy abl y,

the heavy ,Ghadhsd OSFPNGE FuffioR i RCELHIGRMid 9 tlod FQ 1D NO
4. ZOIF(?{ c%rt%} n as(ggytcip,e t eO?n %ﬁ?@%n%?@%@es éﬁt%ﬁ% es, p?%éfPSe?abl y
human ant hbhodpabic amnidcivone mflefrenaddyypamnoEdbonadm@nt ihedingsd , moaddt of

pr ef er abl . nonocl onal anti hodi es, risi ng a heavy chai.n and a

hu Cco
i ght cha?*'?ﬁrozam HN (& RERGyIEHaPh SRA PFIYE S I8 HO N SYNFTUR d e &f ant

regi on sehgatgdink’ AMbbiNes & NF ?1‘%’9@1‘1@ oRPalRdyh@3nd hiHekalodstCRantg @ | M
| gA and | gE heavy chain constant regions or any 25 dllelic variation

t hereof (ab, #9%¥kusged. INeukabatlled37a$46, andoRo BeduelVO8s Pafn PP 3H&i2iA4). of

| mmunol ogical | nterest iftrh ition, U S, Departnent.of Healt d Human
Sorvi Lo ERpplel s EHNGHE rbfbditobiBin holbe REAHETE: P PRl raale, and
t he vari ablislidagigh ONo9f WOE (eBAPSChRa CDEPI47SEW@N 03/WOBPHRAChAd seguence as
set forth in SEQ ID NGO 10, or an antigen-bi ndi ng or an inmunol ogically

f

f unct i onaP0&E0IZvtlinBgl Byamti Nos.r g2, th&t e, rpéftel @l 8P; Homgant!idody of

t he i nventy |, SeS. . [ e n f the. | e ain
const ant ?g@?ﬁﬁ%@étﬁf%ﬁ%’ n%oﬁge?ﬁfN%%{%Zlccger”p%daﬁltoll'glé’hﬁ-%i'n r r?égor an

i mmunol ogiGeaBhnk AcssiiooNak. W306080gE w09l Ln7678agnert077her eof WO

2011/ 049758PCT/ US2010/ 051960 5 In certain aspects, the invention
proviges anti bowhagy, tivrefierabkyd Tomaswanitt kedi eFsctiad drdmhentprf gaah! y
nmonocl onal anti bodi es, nost preferably human nonocl onal anti bodi es,

conpri si npardcHedy pyctaegchingnmall mplghgle anedigorsviresaicerbatess pf ghin st

conpri ses am no acid sequence as set forth in SEQ ID NO 8 or an

anti gen- i'ndi ng or an inmmunol ogi cally functional immunoglobulin fragnment
thereof and the light chain variable region conprises an am no acid
sequence as set forth in SEQ ID NO 12, or an antigen-binding or an

i mmrunol ogi cal l'y functional _inpunogl obul in fragnent thereof In certain
aspects, antibodies of th§UMW§&FJ§FpW¥§ IFﬂshglvy chain and a 10 |ight
chain, wherein the variable region of the heavy chain conprises an am no
aci d 32quence ABiSsdvention hpioHidSEQYE! Noimap, mepockanahngntihedicni Wat ngcor an

i mmunol ogj LY, ctioenal i ohul i n t - In
aspects, P%ga[ple?{%{# gcﬁéae?ﬂ \kloa{r %F@ﬂé e%]ltﬁlén §§%r%§.55§1 S tg%%grsn%lghagﬁ%gﬂ%équence
as set fonioho¢londBEQHIHBINO thdt2bindr toancradtdrgeth- Bicrai MYGBY. deficrablynothegi cal |y
functional i r’ngIrllﬁgl obul i n fragment

mono antibodies are ﬁgrnan monoclonal antibodies and neutralize biological
activities of NGF and are useful for ameliorating the effects of NGF-mediated pain
30  responses. Also provided by the invention are cells that produce, and most preferably,

secrete into cell culture media the monoclonal antibodies of the invention. In addition



15 thereof In additional aspects, the heavy chain conprises an am no acid
sequence as set forth in any of SEQID NO 14, SEQ ID NO 18, or SEQ I D NO
20, or arwearnbiigeersBi ndi ng or an i nmunol ogi cal |y functi omrair/tsanmesgbobul i n
fragnent thereof In still further aspécts, the Iight chain conprises an

am no aci d sequence as set forth .in any D 16, .20, 24 r an
anti gen- bf%@'ﬁﬂglsﬁg OrFaf ARG MBI PEag P@lnzﬁlefaﬁlﬂg%l %T}\QF GG SWSFW?T ragment
thereof for treattAEnd Ry RAiL QRd RITRARIGN FBSAREd RYGURSs. t hat bind specifically
to NGF, wherein the heavy chain conprfises a variable region conprising an
am no acid seq g%%% ndi ng or
an innunologich?§RFg%%??%ﬁg #ﬁ%ﬁ%o hﬁh@%% néﬁgt erg%#?gga hthe

| i ght chahmtihodymcirsgsn and ang albﬂnerers&gu@rztes?’ﬁimﬂnﬁﬁd &l S 4D N hip S&€) D sequence

Funct i bnal (- ARuSEaIBYIP SR SN HERE6AD No” Bk T b S fopgr =

provi des hgphat gfh SEGan 2ol '7'90@0933&9%1&'&@ c%ﬁ@bfeb&r%h li¥ink SndMFas awher ei n

t he anti bodi'es’ conprise: (a) a heavy chain having a heavy chain variabl e
r egi on codpcitbédigfoarexampleo 1Bdnwcmaﬂlos@qaannteA@ph@élpnf Boblication SEQ WD NO. 79,

or an ant or _an | i cal fun ti naI nogl Qbul i n
ragment PHIER TSR MHisdh o Bore A e R P sk PRGis REar b FEPRRT el egi on
conpri si ngxmcpr@mnnlﬂaﬁﬁiaﬁaﬁ %@nl@(kcs% @8insRt Hiuﬁgttahovary ¥¥s) or bacterial cells

2011/ 049758PCT/US2010/ 051960 6 Q I D NG or an antigen-binding or an
i mundl oglaald. yok gelé)i onal i mrunogl obul i n fragnent t her eof ; (b) a
heavy chai n having a heavy chain variable region conprising an amno acid
sequence as sein torain a'spECSE@ld mvbmiotﬁm;ovtﬂes antibotti¢sy erefbiahlyi mgnaalorzah 5

I I f f t th f
e i O e A R b L AR R
sequence gsm 1n% QrHeQV}l' laha?ﬁ@nh[a ﬁgﬁt c%am Whe?enn At h&@g dahﬁdédhq)r%s an
i mmunol ogi cal 'y er eof

unctional II’TTTUI’]Og obul |n ment
B

(c)
heavy chaamlma@‘@id@qaertv@awetcfhﬁhm Qi lBONe: 2 QdDd‘é@pﬁhuoguSu’E@ H2 Nitno 10
acid guen orth |n inding. or an
|nnun§foggggﬁﬁna Elind |o§a1.?hﬁuno Pbgh%h%ﬁsﬁgmﬁ%n¥m?ﬁ ﬁg ?B’ﬁarngV|ght
chai n havilrgod ahd @h:tve@i’aaleﬂreg'laﬁ loalﬂieeheraeg ich4ln @ONPFibSI dhchndifo aBidNRq@dicd
sequence as set forth in SEQ |D NO 84, or an antigen-binding or an
i munol ogptaft Yot tSER D iNuABgPbLI PHigeRuMERE arhet demunglogiatly) a

heavy chali o acid
e e T R R e R T R

i rmunol ogac aming deitheqjianralas setrfomniogl SBQIIDNOr4gnent thereof, and a |ight
chain having a light chain variable region conprising an anino acid
sequepge as selin feefthit bipcOBQ thd iN2ntBA, pRViRE aiibogRs, Prdfeiably GLmMan

i mrunol ogi cal ly functi onal
antibodies, and more preferably monoclonal antibodies, most preferably human

monoclonal antibodies, comprising a heavy chain and a light chain, wherein the heavy
chain comprises an heavy chain constant region selected from the group consisting of
IgGl, 1gG2, 1gG3, 1gG4, IgM, IgA and IgE heavy chain constant regions or any
25  allelic variation thereof (as discussed in Kabat ef al., 1991, Sequences of Proteins of
Immunological Interest, Fifth Edition, U.S. Department of Health and Human
Services, NIH Publication No. 91-3242), included herecin by reference, and the
variable region of the heavy chain comprises an amino acid sequence as set forth in
SEQ ID NO: 10, or an antigen-binding or an immunologically functional
30  immunoglobulin fragment thereof. Preferably, an antibody of the invention comprises
an amino acid sequence of the IgG2 heavy chain constant region as set forth in SEQ
ID NO: 4 or an antigen-binding or an immunologically functional immunoglobulin

fragment thereof.



20 i munogl obul i n fragnent thereof. In certain aspects, the invention
al so provides antibodies, conprising a heavy chain and a |ight chain,
wher ei n tWe 2haz49y758hai n conpri ses a heavy chai n vari abl eCragean/osend
wherein the heavy chain variable regifn conprises a sequence that has at

| east 75% preferably 80% referably st,. 85%

preferably at 55 HAL: 256k "ghesi monggw@mnt SiesoBiicighly N5mep and
most pref %tﬁmdyesataﬁ&tm 2% rdrd e %, ﬁ%nsétotehearﬁmoaes A6jodt %)?&Ut%ﬂf&ehﬁﬁqaﬁet forth
in SEQ ID NGO 10, and wherein t i ght chain conmprises a |i1ght chain

vari abl e n@gpdnnalamdbwm@r, eomptlheg kihghty civan and/atightb¢hein, ediconn tonfightses a

sequence that has .at | east r ef er abl nor e eferably at
east 9006 sGGs B Ao seBiRe SRt Sl iS00t 8 B bS aRhRr er bl y
about 99%inldeRndr attﬁ/lnhﬁuﬁd]@gl@afﬂynﬁm@t%tﬁl HERUBHCEH AR ﬁegmé@rtﬁé}eémanaﬁt@el D NO
12, wherein the antibody binds specifically to NG

2011/ 0497531p@/amsm1@b¥eoeg193@ompﬂses an JFAWO|agifeyPaeTIrc A §@t fortbvn &9 HAt i bodi es
t hat bind ecific el am no
ncid sequitbearadl Wil R o e Reb R AN, AFARbM SRR S, °a

i mmunol ogfagmbit thetdefl i onal i nmunogl obul i n fragment thereof, and the | i ght
chain conprises an amno acid sequence as set forth in SEQID 5 NO 16, or
an anti gen- bi ngf Bt aggecisimmRldRgiofahd Wnviehiet tomptisd AR AADaf r agnent
t her eof In certain aspects, the invention provides antibodies,

conpr 1&i nfeht qteavwlemm theayrdiahle iegion of e Acavinhdp ) Wmmeehélawmmaﬁlda
conprises g Y b@% [ Le

variabl e 7% |%%f%88i$?§é§§§ e ﬁghgg haf%ﬁgm¥®§’ agfﬂiﬁﬂgﬁ/%gggg¥erably
80% nor efipicebeil aﬂﬂimutﬁigldtﬁaﬁt frB@zﬁ{entemeﬂ:ofmr & ptiesedspbity, dic ligasthff% 91%
92% 93% 94% 95% 96% .97% 98% and nost preferably about 99@3 identity
to the anVHiRbICTCEINRNIBHIEES ik APEO Fei muplafseawebforteee SES NoNQ4l2,9eQ | D NO
18, or SEQ | chai n
vari abl e %%d?%%ghBﬁﬁnﬁﬁggéﬁg§@ﬁgﬁPkgﬁt %@%ﬂﬁggipg- egﬁg%a%%%%Qﬁses an
am nolaci thetdnfs éguddioendl hapectsa&ed&a@aham&Gﬁ{prlpafsefnearmhb)acmit schieast a85% nore

br of or abl S 4BBD 1980501 SR Do R Gty LacR o S G ARG 20ebr FBr 1 n
SEQ I D NOyhtifn-piiBhEbP at EnRRGIBRANy RifddSna Qﬁlﬁ{ufnbgl%bhlyn EQ%IINQI:’[ thereof.

The invention al so provides single chaln anti bodi es, single chain Fv
20ant|bodhesﬂlﬁﬁ&hyaanv%b@@de&ﬂcmwmqu@ahﬁwbammeeaadde@Embézsaﬂﬂbﬁbd|es

I'n particular a e |n |on provi.des.a .l ight chain c ri,sing an
i ho i I 8% SERTE 30 ROF 1602Bh 21 OuBly PEEREP s of AR S BRREUT i ng or
an |nmynohggh@ﬁﬂhﬁmmﬁagbmgﬁﬁﬁagﬂmyﬂgg&ﬁbul|n fragnent thereof In addition,
the invention provides a heavy chain conprising an am no acid 25 sequence

as set forth i fnhai%eRfiomksd bBVINQs ahffoodREQADHINSs ejei?ﬁcaﬁgl toRGH, R H¥Lin 22, or

an antigen-binding or an inmunol ogically functlona | nfrunogl obul i n fragment
t her eof The lieavedtdimeomaprws pehatlds regon ewhrisetd dnamaino antdi soguiines as $eat

i fi |y bi th ti.b h
chain 1 r bk SFOLTES! .5l AEHEHBIOGE eoRoteP N e heavy
chai n CDREnmesbQebuldNFa@néiinBercbCany t6haight CRIRS doaPrigel a dALaklB)refivAan | i ght

chain framework regions, a human
25  comprising an amino acid sequence as set forth in SEQ ID NO: 12, or an antigen-

binding or an immunologically functional immunoglobulin fragment thereof.

The invention further provides isolated human antibodies that bind specifically

to NGF, wherein the antibodies comprise:

(a) a heavy chain having a heavy chain variable region comprising an amino
30 acid sequence as set forth in SEQ ID NO: 79, or an antigen-binding or an
immunologically functional immunoglobulin fragment thereof, and a light chain

having a light chain variable region comprising an amino acid sequence as set forth in



i ght chain CDR1l region, a human |ight chain CDR2 region, and a human |i ght
chain WD 2011/ 049758PCT/ US2010/ 051960 8 CDR3 region. In certain aspects,
t he humarwbeawuyo4gtsai n CDRL regi on can be the heavy chai RCTDR20WAFI9%N of the
nonocl onal anti body (mAb) designated 4D4 as shown in SEQ ID NO 22 and the

human i ght chai [ re |oncanb the |ight chain ion of mb 4D4
as shown g@sﬁ% NG4S . GHgeT SR O e l@nwaﬁlgﬁ%&vﬁmeﬁaq% CDR2

regi on caﬁmggn(gé]@blhﬁqya)gn%@mgrég@m region of mb 4D4 as shown in SEQ I D NO
18 and the human |ight chain CDR2 region can be the light chain CDR2 region

o . 401 2 FIRNAD FERIDL Rk 0SB by

heavy chain ain as shown
in SEQ | DadiD dofperaedag et Homtmninl BHQt 1OhAIh €DRBr raagamtipensbindieg | orght chai n

10 on of 4D4. as shown i EQ The. i nventi on
al so govi n?l%llcgl?b dupgiionn Hﬂ@%‘b%i?‘%’imt ﬁragmglaeﬂhef@éam Piight A4 %e growt h
factor, cgmag $1118t ﬁla{he@a\ﬂébfe%%len ABRpAsihk IRnGRPAGd sISR& I sth@rfigaVY chain

conprises a héavy chain variabfe region conprising an amino acid sequence
as set fobfER il SEY |§2,NOr 40, aBEN-bIMANG ot9 ,an SEQ@MuUBoNGIcally , fiBEGHdD NO. 83,

SEQ 15 1 D. NO 8 NO .87, or an antigen-binding or

i mmunol ogi®atHPee ?lﬁ}ﬁ]@tf?‘a@%ﬁn?fw&ogl obulin fragments thereof The invention
further prowdgcjlsolat unman anti bodi es that specifically bind NG,
conprising a h \Py CHACAYANE VARSI T gHEY CREAMN RS TEs AT CREPIPGR "GP

conpr {$es,&q! ée%&nc%héé %eﬁ’%ﬂﬂ@%esE QIBNNERTRE I 8 NG %Hn%ﬂ‘ﬂ?ﬁ’dlﬁg'& ggquence
as set forth 1n SEQ I EQ | D NO 80, SEQ | D NO

84, SEQ I DllNﬁIlolS@gcalgE@mdbonﬂ 1r8®}1n@®111ﬁ) Iﬁ@gm&ﬂ tlSE@f | Bnd\@; ligh, cl8E® | D NO
91, or n bi ndi.ng or _an i i cal | uncti onal

D runog! o feagan iR Es e cRmanyAE af s AT R 3k sk The ¢

char act erSEQd by Nd)e 8‘41%{3' &ﬁ/ z!i ﬂﬂaﬁﬁl‘i‘r{g z8 ah lisashoRBRall Fdn‘bﬁ@naﬁmd/ or in
vivo activity associated with NG pol ypeptides. 25 Preferably, the

i nvent i onirpmeveglelnlindegmenttheraof.-ctuman NGF hurman ant i bodi es wi th high
affinity binding to NG pol ypeptides, wherein the antibodies bind to a
humanlNG- pol ybpt haey ahdindiassgci hd:ae?g chriorvariablehagan chi@pripiok \apeqminde with a

acid sequence as set forth in SEQ ID NO: 86, or an antigen-binding or an
immunologically functional immunoglobulin fragment thereof, and a light chain
having a light chain variable region comprising an amino acid sequence as set forth in
SEQ ID NO: 87, or an antigen-binding or an immunologically functional

20  immunoglobulin fragment thereof.

In certain aspects, the invention also provides antibodies, comprising a heavy
chain and a light chain, wherein the heavy chain comprises a heavy chain variable
region, and wherein the heavy chain variable region comprises a sequence that has at
least 75%, preferably 80%, more preferably at least 85%, even more preferably at

25  least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, and most preferably about
99%, identity to the amino acid sequence as set forth in SEQ ID NO: 10, and wherein
the light chain comprises a light chain variable region, and wherein the light chain
variable region comprises a sequence that has at least 80%, preferably at least 85%,
more preferably at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, and most

30  preferably about 99%, identity to the amino acid sequence as set forth in SEQ ID NO:
12, wherein the antibody binds specifically to NGF.



di ssoci ati on constant (KD) of about 50 x 10-12 Mor |ess, as determ ned
usi ng Ki nExA, or which inhibit NG induced survival in an in vitro
neutral i 280i20n/|@8®say with an | C50 300f about 1 x 10-8 MPOH/USR&IH/051990

2011/ 049758PCT/ US2010/ 051960 9 a) inhibits NGF i nduced survival in an
invitro neutralization assa bout M.or .| ess;

b) has a heavy%iﬁéﬂ"ﬁn S%B?isﬂeé.aﬁtj e i‘ﬁlﬂ %C@C@B@jﬁ%&é orhe&gty | p

NG 14, anﬁwﬁﬁ%@@%hﬁnkbﬂ@ﬁgﬁhﬁhﬁmﬁ&ﬁ@d%@&R&béh@&n&@@hﬁﬂSEQIﬁﬁN@ yggpence of
SEQ I D NO 16 he i nvention al so provides isolated human anti bodi es
or an ant algsmtlgﬁmbmdglgoor [ arrmmmuogiogwally funetoaniab naimunmgtubogn ofsagrngnt

fragments_ ther.eof t. bi.nd Specl th h| rfi i wher ei n
oo o ant Bt e Penuhi g sn lpmtons ] Simthd st ReR Reblie e

Wi th as KDNGS: B anl atig@-tin@fig @ m andumaogicaly ﬁﬁ}%tlbﬁm&ﬂmlﬂ% Rveagtivity
in a standard in vitro assay mnth an | C50 of about 1 x 10-8 Nlor | ess, and
wher ei n t fegamtithygoles or fragnents conprise a heavy chain variable region
conpri si ng: a) a CDR1 region conprising an am no acid sequence
of the fornulahlmﬁahaaaaaaaﬁeMhemthnxovmesmﬁﬁbdh&canpmhagzﬁydwmphﬁhic ani no
acid residu I, .an arang am no. aci d resi hatic

ol ar ' hycPBbhJBRCETAR GHEFFE e R Fostligen vy Shib RadhePar e ophobi o

or al i phabhd wheienP tiRChAvY @BhiH URriaBledegion Iconpridés #RafuehcOhaPRiRit least
20hydroph|I|c am no acid residue; b) a CDR2 region conprising an am no acid

sequehe 85% pecterebln$0ls. morbpisthai56BTsBE8E. lcsbn Msubipsticrablylatslsassh 17 25
oher el - agu, ojg G, bivRoRlt BRAL b, B0V HLPRRAN GrerBfy BATBDYC 2 1O

acid resi isan"arip i'C’am no is a
pol ar hydtdépﬁiyi tioCth® Bm@o0REd bequantdss @CIfdiﬂf psardusl, SBQ I3 NO:pol, BEQ 1D
hydroph|I hydr ophobi c, or_aromatic anm no acid residue; b5-b9 are

i ndepended:yl %61 AEQ By §PhiA2% @nérvhersiprhe ilight fidin capdsssesiligheshaibm is a

30pol ar h¥%{é%@é1felgioql o QB theQlohf bh RN RbiiSo| @M ahshidceSh dHno did 1 is an

aronatic
15  sequence that has as least 80%, preferably at least 85%, more preferably at least 90%,

91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, and most preferably about 99%,
identity to the amino acid sequence as set forth in SEQ ID NO: 16, wherein the
antibody binds specifically to NGF.

The invention also provides single chain antibodies, single chain Fv

20  antibodies, F(ab) antibodies, F(ab)’ antibodies and (Fab’), antibodies.

In particular aspects, the invention provides a light chain comprising an amino
acid sequence as set forth in SEQ ID NO: 16, or an antigen-binding or an

immunologically functional immunoglobulin fragment thereof.

In addition, the invention provides a heavy chain comprising an amino acid
25  sequence as set forth in any of SEQ ID NO: 14, SEQ ID NO: 18, or SEQ ID NO: 22,
or an antigen-binding or an immunologically functional immunoglobulin fragment

thereof.

The invention also relates to isolated human antibodies that specifically bind

NGF, wherein the antibody comprises: (a) human heavy chain framework regions, a

30  human heavy chain CDR1 region, a human heavy chain CDR2 region, and a human
heavy chain CDR3 region; and (b) human light chain framework regions, a human

light chain CDRI1 region, a human light chain CDR2 region, and a human light chain



WO 2011/ 049758PCT/ US2010/ 051960 10 hydrophobic am no acid residue; 1)12 is
an aliphatic hydrophobic or polar hydrophilic amno acid residue; 1)13 is
an al i phavpeoiisersephobi ¢ or pol ar hydrophilic am no aciPdTrsséidesteh” and
-LP are independently poI ar hydrophil8c anmno acid residues; 1)15 is an

al i phatic _or aropati dr ophobi c cid r sid and. 1)17 S.an

al i phat i 9C§&3dre@l®anf%évr@a aSES; g ?hur%ﬁ% )Y PepraDRe JPEAN SBgE B ng an
anino aci e RAURNERTALI Lol FTH AioblondCurtfboiC @%%@nﬁs@d%mg 11C 12C

13C 14C 15C 16C 17 wherein: is absent or an alip atl c amno acid
resi due; e®wsinabEentD HO:32 podi dlne hominy dightpétialin €DR1 eogicar camabd theHyght ophobi c

or oot fadif Sk Crecfsh SERAB AR & VERR T SEQUINER A D n ShefsBEidibe. o5 16

absents or hgmp® h@dvyfbhdﬁp@bm@gloalch@ B@&h&h&&%%ﬁalﬁrm ir§gieioNAaLHD4 r esi due;
c6 is absent or ag}aolaréﬁg hilic or aliphatic amno acid residue; c7 is
a pol ar hgushop inj SEQADMO AR epﬁéh@ Bumpg hghtacélm ¢BRZdagion ¢an pe the lp@t ar

hydr ophi | i (o) i i

pol ar hyd?lgplﬁbﬁ pegﬁolqlp(ﬁfa 8 %Q@gsnﬁ{aow%tﬁé g{r?%%&oqncs‘?gnqqﬁ% BET r eS| due;

cl a pol athehyﬂ[a@pi‘eaw GhanaCMIIegloh){dﬂﬁﬂi&M €haio CDR3 1@iophdtn Ab Hpdragphobi c
am no acid residue; - Cl13 are i ndeEendenI léD ol ar, hydrophilic or

aromati c ﬁwrbglh%%@éDaanH aedl gy lélgvfau ght chain; r8$1P%h%1Ehieél%1F ch¥®mat i c
hydr Op(’?::obb(b]’% E]Bn%?%g ?Bh%'% o ReYqg hydrophilic or neutral
ue,;

hydr ophobi c no acid resi I's absent or a polar hydrophilic

amno acid r eSlrgéJ ?ﬁve%gg 1 Al d)rgwags %BB{E%t ﬂu?naqyg{t%gglgg tlga[t i)eca h&a‘ffg,aﬁlhﬁ

hydr ophobi ¢ am no6 aci one as

hydr ophi | hervagravethafattdr, reesiptiving BReavs o&ﬁhnad’rﬂrmhglﬁ dhyifih; @dleedn chealidanp aci d
residue; a3 .is an aliphatic hydr ophob| ¢ amno, acid resi due a4 is a neutral
hydr ophobFlin ggmpeses aisRRy ARV ALY FEINTORePT RIS @BINQUEId SEguancr s

al i phati coag,0f uf"‘ég(g? 1§02 %%@grz%é% @E@aﬂ?ﬁld %lb%E%IB?NOS Eﬂﬂ%l c amino

hydrophi | i'c am no r esi due; s a pol dro C or aronm

aci d tesi HdeNObE, b9 SEQeID N(endeat hmlgmttandlhgdr opimuhologioallatinptiatalc am no
aci d resi dues; % js.an aliphatic amno acid residue; b" is Tyr; 1)12 is
an al i phatT¢"H %Wofﬁarg&neélﬁ% ﬁ%fea idresidue; bl3 is an aliphatic or polar

hydrophilic am no_acid residue; b" and 1)16 are .i ndependently 30 pol ar
hydr ophi | i ¢ arﬁf A® ISRty %@%@@Vldawolatqdéluawnémﬂmfh@ﬁ t@aWé‘Plﬁﬁﬁbbl?léd am no

acid resi g él?%lsﬂr%% a%’éaﬂ) éﬂ%ﬂ? dCaﬁ %ngﬁ&%ﬂ%%gﬁ@ﬂaar@% yﬁé seé absent

or an allphatlc acl reS| ent or rop ilic or
an aro rrat lighthohdimoyniablicacg@on raOmpMﬁlg @ﬂ D FHB Eﬁﬁbbﬁmmt fbthd6 BEQL IACi d

o omatd & Rdphka B Ng: SRR IS NO S RE T S0 Ba kAo Ne! FE S B o

pol ar hydrephisl SEQaM R@): 9 §EQG® NFDGQOC@EQSIDE‘IQ@@@E &rrS@? pBIRGO: Mydrephi lic
or aliphatic amno acid residue; c7 is a polar hydrophiTic or an’aliphatic

am no aci entrgesitdeding oBarn mmutmj.d)gcal}yyfdnctmmal iingnunoglobulin fragments thereof.

The antibodies of the invention are characterized by the capacity to antagonize

at least one in vitro and/or in vivo activity associated with NGF polypeptides.

25  Preferably, the invention provides isolated anti-human NGF human antibodies with
high affinity binding to NGF polypeptides, wherein the antibodies bind to a human

NGF polypeptide and dissociates from the human NGF polypeptide with a
dissociation constant (Kp) of about 50 x 1072 M or less, as determined using KinExA,

or which inhibit NGF induced survival in an in vitro neutralization assay with an IC3

30 ofabout 1 x 10° M or less.

In a preferred embodiment, the invention provides an isolated anti-human

NGF human antibody that has the following characteristics:



5 hydrophobic or an aromatic am no acid residue; c9 is a polar hydrophilic,
aliphatic or an aromatic hydrophobic am no acid residue; cl is a polar

hydr ophi IWo,20av@@am8i ¢ hydr ophobi c, or an aliphatic hydr ephaise@oasion® acid
residue; cli - Cl13 are independently polar hydrophilic or aromatic

hydr ophobi ¢ amino acid .residues; €14 is an aliphatic or aromatic

hydr ophobi ¢ antho atl 1;s§§¢ﬂ@c %lrwgalam&awawﬁwgﬁmaﬁlpeaéﬁaymthneutra|
hydr ophobi m i si .. Cl6 i s absent or a polar hydrophilic am no
acid resi glﬁlec;?{soadrﬁb@lgd}? g@ahr}&jg&g?rsécti ¢ hydrophobi c or aliphatic hydrophobic
am no aci d resjdue. In a particular aspect, al .is Ser, or Thr;
a2 is Tyr; a3 Ph Al Has aaqavyshyn Cﬁ?R?@g}?praSAng ¢ pEtngRCiq pestuengy qu‘ss?DEiQ s, dy,
or Asn; 15 Nb-$4. g Gy, lle, or Asp; b2 is Ile; b3 is 15 Ser, Thr, Tyr,
or Asn; b4 is Trp, Arg, or Pro; b5 is Ser, Asn, or Ay; b6 is Ser, Arg,

Asp, of Ay; bz is - Hi ar, . [ . r y b9 is

Leu, Iﬁfe, or Tnr; btn?ﬁash%h?}lalﬁfsﬁ%Foﬁﬁ%‘%l&%ﬁ% almslMlgcrldé%ﬁlﬂgei Osfg,H% or Ser;
1)13 is ASpN@ly, or Pro; b" is Ser; -LPis Val or Phe; -LPis Lys or dn;
1)17 is Gy; cl is absent or an aliphatic am no acid residue; c2 is absent

or Tyr; c3 andTgé idlatiomdep 8dsl Yolald &itinan Tatkibodis$lor Makntign-Kehding20 c5 is

absent, Ser, Ay, or Trp; c6 is absent, Ser, Ay, Gu, or Leu; c7 i1s Qy,
Arg, or A8h;inygunddogiegly Pugctiomat  ingpumeglobudio jfsigmegts ahgreolpr thay rbindm j s

Val , Tyr, _or.A.g: .Cx } . . P . Asn; c"
e phe vaceitifyydNog et RASRT Y iouicCOP tradbbons 8888 00 1
i s Tyto or fival a himaaNGheblypaptidecwuitian Kspéaboutdl x i19” SereBrandseutralZzess Tyr ;
a3 is Ala or Ser: ]?4 is.25 Met or Jle; a5 is H.s or As?; 13,1 i s ,Tyr or
Gy: b2 i bumprNGbjoactiyily npritandayd in vigro Assey Wb 1% 1Gs 9f abeyy T 610pM: b5 s
Ser or Asp; J (o RN o W 1 . J : -9 IS
Ceu, 11 6 Toi Ry BREA! off SuinBhich o Rt ool b RellRplin WEADIE® 13 1§
Asp or d wgiddi'cangpriSerg; V is Val or Phe; -LPis Lys or An; -LPis dy; cl
is absent or Gy; c2 is absent or Tyr; c¢3 and c4 are independently absent,
Tyr, Gy, or Val a GI3RI gegidis@miprding3 abeinho acid sequehes ofthe @ntiule7 is Ay or
Arg; c8is Trp or Pro; c9is Hs, @Ay, or Tyr; cmis Val or Tyr; c¢" - Cl13
are i glependently Ser, Tyr, Phe, oplaAspla’c” is Phe or Val; Cl15 is Met or
Asp; Cl16 is absent or Asp; and cl7 is Tyr or Val . In other particular
aspects: YWQ.2P11/049758PCT/ US2010/ 051960 12 a) the heavy chain CDRL has an
am no acid sequence as set forth in SEQID NGO 22, the heavy chain CDR2 has

an am no acid sequ +f.0 i N S ADIN 22 , . . he chai n
CDR 3 has an a?ri %ogEglf\aaql?géoﬁgg%eg%gms%lég %)grnﬁtg’ :yér?issé%af%n%g Q@H& g‘ﬁ? t he
heavy chai®idGDRA’ as abiphait, polaadiydraphgbiena@nasic sahinb aicidrdsiduSE®) IDaNO. 92,
t he heavy chain has an. am.no aci d .sequence assset forth in SEQ I D NO
93, and tﬁ@t%évér%ﬁablﬁ QPR AR S5 e de dnddqueAcHiPRtiG 8F PPBth i n
SEQ 1 £ NOLy 88phili€ hndiREad)eR¥Muehai n CORL has an amino acid sequence as set
forth 1n S‘éQPD 10 NGO 98, the heavy chain CDR2 has an amino acid sequence
as set forth in SEQ ID NO 99, and the heavy chain CDR 3 has an amno acid
sequence as set forth in SEQ ID NO 100; d) the heavy chain CDRL has an
set forth.in SE Yy chai n CDR2

am no acid seq}é}enc(gb K d in DC]?Q 1914 Oﬁ\%gfhea
has an amino adl & e@%@%&oél QIO B USRS EONGF 19FR and t he heavy
chain CDR 3 has an am no acid sequence as set forth in SEQ ID NO 106;
R R R RN RERURERTRY
25  wherein:
b' is a aliphatic, polar hydrophobic, or aromatic amino acid residue; b” is an

aliphatic hydrophobic amino acid residue; b is a polar hydrophilic or aromatic amino

acid residue; b* is a polar hydrophilic, hydrophobic, or aromatic amino acid residue;

b>-b’ are independently polar hydrophilic or aliphatic amino acid residues; b'® is a

30 polar hydrophilic, aromatic, or aliphatic amino acid residue; b'' is an aromatic or



e) the heavy chain CDRl1 has an am no acid sequence as set forth in SEQ ID
NGO 110, the heavy chain CDR2 has an am no acid sequence as set forth in
SEQ | D NGwo2Xato49m5d t he heavy chain CDR 3 has an am no &CTrass@quoermee as
20set forth in SEQID NO 112; and fd the heavy chain CDRL has an am no

acid sequence as.set . forth in SEQI.D NO. 116 he heavy chajn CDR? has an
amino aci §y<_§e CEMEQ & ropHED s B 191}5%&‘/51“13?179 i RHPPRENKEAOY g nai n CoR
3 has an aRifao.&¢tdiRearensanasiphsic, E%fo{ahamc %%1&%&@013%@ amiml &d

invention al so grOV|d%s an isol ated human anti body or'an_antlg%n-binding O
an i munotesigiucab ' ynd biietd dependentiynpgirdtydraphitia syme atidttasidest bt Haen bi nds

speci fical |. .0 NGE erejn.the antibody or fragnment. conprjses a.light
chat n var PEEHS o8 gromt ool Shino 25 rlaye! SRR FRARBA GG s ng an
am no aci gmsRoanNesidat; &ahe fornul a: 30al a2a3a4a5a6a7a8a9al Gal | al 2 wher ei n:
WO 2011/ 049758PCT/ US2010/ 051960 13 al is a polar hydrophilic am no

acid residue; gpo BSRANGiGH SnfiRir1ARRRTSEo RhbPDAE Goruflyr ophobi ¢

am no acid residues; a3, ab, a7 and a8 are i ndependently aliphatic, polar
hydr ophilic, or hydrophobic aQ%Q?‘%QF?c%%?%QE@%” aguyq;a pol ar hydrophilic
am no acid residue; a6 is an alip%atlc or hy ropﬁo ic amno acid residue;
5a9 is absent, or an aliphatic or polar hydrophilic amno acid residue; and
amis an aIiph&’F@FLaronatic, or hydrophobi c am no aci d residue;

b) a CDR2 region.copprising a m no aci d .sequence pof the fornul a;

101 b2b3babsb6by inAENat fpr ah Alphatiggamitos gy GHST Fols MRREF SFyPSRobi ¢, or

hydr opflobh¢d8phie €1 4h Taesthslie hyBfophSb@N aiddPNRld CreQbudly df ORAORH Cyram no
acid residue; b3 and b4 are indépendently polar hydrophilic, aliphatic or
hydr ophobinslepenidanthaghsdntrarsi phladrydisphiles, aropwitiahydspghelp b driabipaticiadeing phat i ¢

hydr ophobi ¢ ;am. no_aci d residues; b6 s a .polar drophilic or .aliphatic
nydr ophoblad SRAGSaE: & 8T BLE Dotk BvaspoRuRCh el O SR spiefe Pl B8 "act «
residue; afRfliue; c®is absent or@podar hﬂﬁl&@ligmrdrﬁh@gcid@es@dﬂe9@7 isaipdlasequence
of the fornmula: C1C 2C 3C 4C 5C 6C 7C 8C 9¢C 10C 11C 12C 13C 14C 15C 16C 17

hydrophilic or an aliphatic amino acid residue; ¢” is a polar hydrophilic, hydrophobic

15 or an aromatic amino acid residue; ¢’ is a polar hydrophilic, aliphatic or an aromatic

hydrophobic amino acid residue; ¢'® a polar hydrophilic, aromatic hydrophobic, or an

aliphatic hydrophobic amino acid residue; ¢'' - ¢'* are independently polar hydrophilic

or aromatic hydrophobic amino acid residues; ¢'* is an aliphatic or aromatic

hydrophobic amino acid residue; ¢ is a polar hydrophilic or neutral hydrophobic

20  amino acid residue; ¢'® is absent or a polar hydrophilic amino acid residue; and ¢'” is

an aromatic hydrophobic or aliphatic hydrophobic amino acid residue.

In one aspect, a' is a polar hydrophilic amino acid residue; a’ is an aromatic

hydrophobic amino acid residue; a* is an aliphatic hydrophobic amino acid residue; a*

is a neutral hydrophobic; a’ is a polar hydrophilic amino acid residue; b' is a aliphatic

25  or aromatic amino acid residue; b® is Ile; b’ is a polar hydrophilic amino acid
residue; b* is a polar hydrophilic or aromatic amino acid residue; b’-b’ are
independently polar hydrophilic or aliphatic amino acid residues; b'® is an aliphatic
amino acid residue; b'' is Tyr; b'? is an aliphatic hydrophobic amino acid residue; b"

is an aliphatic or polar hydrophilic amino acid residue; b'* and b'® are independently

30  polar hydrophilic amino acid residues; and b is an aliphatic hydrophobic amino acid
residue; b'” is an aliphatic acidic amino acid residue; ¢' is absent or an aliphatic amino

acid residue; ¢® is absent or a polar hydrophilic or an aromatic hydrophobic amino



20 wherein: cl and c2 are independently polar hydrophilic am no acid
residues; c3 is a polar hydrophilic, aliphatic or hydrophobic amno acid
resi due; wo211089%8d c6 are i ndependently aliphatic, polpar/usgaooptsséic, or
hydr ophobi ¢ am no aci d resi dues; c7 iE absent or a polar hydrophilic or an
aliphatic hdro hobisc am no aci d resi c8 is I hydrophilic or
hydrophob?‘%} R ot 10 EQMAUBICREAECTRY pase BblaaIPOIWyH{’)%BﬁPPF’cM& o aci d
residue, angopRUHIE! 4 aﬁﬁih%@%h&p%dqresﬁﬁ@sgr&érﬁ agée'?@%?' {x%r hy@Bpgipuman NG-
pol ypeptide with a KD of about x 10-9 or less and neutralizes human NGF
bi oact i vi apiroracal @Bwind;aa aks abselwthrraqomslezylmmhtli@ anrlipB8® ahinakodtresidue; 10- 8 M
or |ess.

a4 7. d a8 |
ol ar - hydf dpi e PG EoRc e wdefis dnd s AR R bR aRgRRE ™ 1Y

| ndependenydipiRIbi@6d Grofdt ARG AeKidie; 8Tk d gorsiHRSphilRD alighatic P! ar
hydrophilic or aliphatic am no acid residu a9 is absent, or an WO

2011/ 049788 rOMAUSdipmboseming a¢id phadie Cor pa mlampmr@plmhm erogKtifo aci d

resi due; an aI atl I£:.a no 13,1
al i phati c, poﬁ “h 8 eﬁln ﬁh% yﬁﬂ%th Blﬁ (1: 0a%%no rgsgl&ll r§5| due Jbg is an
al i phati mﬂa{yphsnalpﬂ@bp@laﬁhydwplahc dr aﬁﬁmﬁu&;ydk@)hoblé aatiflo bcﬁdamdmd@plelﬁa@dent ly

pol ar hydrophilic am no acid resjdues; b5 and b6 are independent|y pol ar
hydr ophi | & a%plt%w@r @fﬂﬁr&ttwélmmhebﬁ@a%o agil residiei ¢ rléélpﬂli‘ég}’dr@l’hlélﬁd’rcz are
i ndepgnde AC

hydr og(ﬂl I ?%:dtyal ?hﬁ)i&)hl C o?ﬂ %lgp i¢ amllﬁ%gsggtg %%2016&%@&1%8&1@8%}% hoand c6
are i ndepecrldemdlqe, ahd pHat amaroprahamyhm@h«ﬂqnhlot iphatic hiygdehpbpbiokiminaadido aci d
residues; c7, is absent or an aliphatic hydrophobic am no acid residue; c8
is a hydrFFﬁ‘rﬁj(‘J‘B'rc amino acid residue; and c9 is a polar hydrophilic ami no
10aci d resi due. In a particular aspect, 5;1 a3,, a4, and a7 are Arg,
Ser, dn, and Beapaﬁ@gbé@me@talayis%ez Asp.mrathrag isyq § isrAlseyer, R8.i0s Ser or

e 6‘9 ' Bl d\?%@%‘ﬁﬂeb%ﬂe 415 asy(e}lfrB'r'A%n'At') s TH. Gl Tfl@ ?rAﬁEhﬁl gi{?l ib“ g Asp,

Gy, f and ioec’tl er or
Asn; DSS ISeﬂ,.Elhr OI’yrAlSIgASIDQ)“IlST@lArgAbﬁPrd?rbSGer,er Alsni, SrG@;V b?ls'ISHir,,Afg and c2
are dn; ¢c3is 15Ph yr ¢4 is Asn or Ser; cb is Ser

or Asn: c6SPOITYY; S@rserTffIH Obgl}PhE 15(5)21“4%6 APBedit ThIl?’lbolS Togu I]-ﬁesor thi s Leu

Trp, T t3h
22 a3 all SOR IR b7 T bl AR SBRR RSB BERRL DR S Ty

or Ser: aBliisVakor Rirc; bi° els ng@or §habb;éthlyS@rl is ahser(ﬂoyanahphaemc,&han@amd'yr 13,1
is Asp or d b3 are Al a and Ser res tive or Asn;
b 20" o [\l O Ar ghecbon Dree (Rida Ble gt fiST BN Ry, iR SEftnd o
are Qa; Ggls'a%sgtﬁeSerTmy, d‘x\r"lgp éﬁ 1s'§'o%nt ,&tri §1yAYN, §8 Nou; OF 1§Qﬂy ARy lof Ser or
Asn; c6 is Tyr, Ser, Tip, or e i's absént, Pro, or Hs c8 I's . Leu,

Tip, Tyr, Asp; Q&rlngl‘paiﬂcb &er,jog Thh,rc iy Hlsoﬂhserorﬂafr,tq & id Wal, Esp@wsg, c'a)c'the | ght

h CDR1 h f 1D.25 NO 24, h
flaht chaf's Earonpah AR abi IS Bk S edinte ndtbuloh 3 B3 0 BB o 20,

and the | ghtc'ChaibBerdeDiXp3 oPASH; @M ROTyR6E Wapequence as set forth in SEQID
NO 16; b) t he | i ght chain CDRL has an ami no acid sequence as set forth in

SEQLD N 95, 1 ifochds bkt p AR 1035 A@TPR P & ReARaRAP et forth
25  Metor lle; a’ is His or Asn; bl s Tyr or Gly; b% is Ile; b’ is Ser, Thr, Tyr, or Asn; b’
is Trp, Arg, or Pro; b’ is Ser or Asn; b° is Ser or Arg; b’ is His or Gly; b®is Ile or Thr;
b’ is Leu, Ile, or Thr; b is Gly or Phe; b s Tyr; b'? is Ala or Ser; b s Asp or
Gly; b'* is Ser; b" is Val or Phe; b' is Lys or Gln; b is Gly; ¢! is absent or Gly; c?
is absent or Tyr; ¢’ and ¢* are independently absent, Tyr, Gly, or Val; ¢’ is absent or
30  Ser; c®is Ser or Gly; ¢is Gly or Arg; ctis Trp or Pro; ¢’ is His, Gly, or Tyr; ¢! is val
or Tyr; ¢'' - ¢ are independently Ser, Tyr, Phe, or Asp; ¢'* is Phe or Val; ¢'’ is Met
or Asp; ¢'® is absent or Asp; and ¢'”is Tyr or Val.

In other particular aspects:



301D NO 96, and the light chain CDR 3 has an am no acid sequence as set
forth in SEQ ID NO 97; WD 2011/ 049758PCT/ US2010/ 051960 15 c) the |ight
chai n CDRyYOhlasl/@pa75am no aci d sequence as set forth in SEQLIUS2NOQ0SMOA, the
light chain CDR2 has an am no acid seguence as set forth in SEQ ID NO 102,

and the light chain CDR 3.h namnoamdseuencea th in SEQ ID
NO 103; 5d) tRk %Fqﬁﬁwmﬁit@ﬁi“%a%lﬁoém dsdignes aééauéﬁéén SEQU 't or th
in SEQ 1D NO #@Qy 22t g hé&?tchﬁiﬁﬁtbm NASmAHY /T @&@ﬁééjﬁ@éil{%ﬂﬁ%as set
forth in SEQ ID NO '108, anhd the |ight chain CDR 3 has an am no acid

sequence as sefSEQoM NQ: riSSE@l e fN@vy thon CI2R 3thve ani gnino chali seqGDRE akas an

am no aci d sequence as forth in SEQ ID 10 NO 113, the |light chain CDR2
has an am' no aﬁfﬁg &m&}ﬁ@@ﬁé Qﬁ forth in SEQID NGO 114, and the |ight
chain

n am no acid _seguence as set forth in 115; f)
t he |.§ght chai i appehadp C i?ﬁln@ A5 W@@afﬁ@n&?&u%eeéeetfggbﬁns 5E: 1D NO
119, the |ight nghagon t@ﬁ?av@a&aﬂﬁcﬁ'?&znﬁasa&f EmRRHEN S&REcS Y sdtabih ihn 15SEQ
ID NO 120, and the’light ¢hain CDR 3 has an am no acid sequence as set

forth in SEQ | BENGD N2k ;93, gid theehdaigkhaiz KPR 30RREnhmsinarcEnicnacnac iad

sequence as set forth %ﬁ@ﬁ&égﬁgo 122, the light chain CDR2 has an am no
: . .

acid sequence 5 D NO 123, and the light chain CDR 3 has

an am no acid sequ 20set forthln SEQ I D NO 124; ). the | i ght
chai n CDRL hasc)a%1 g‘ﬁ? qé?é?% sriderryigo agtd yegpensejan sgeert P NEQ M35 the

lightyghai n COR®.has t@@h@d@kr@laﬁctﬁ@%eﬁﬁﬁnﬁﬁ &84 sEQlch& hs!’se?@@th'?n'\'o 128,

and the light chain’CDR 3 has an am no acid sequence as set forth in SEQ ID
NO 127; 25i) SR ID jifd: Bhandh theDRavh abain CRRi3nNms ai anise queneguase set f ort h

in SEQ ID NO 1 t he [l hajn CDR2 has an ami no acid sequence as set
forth in SEQ I ﬁ?%&? Tﬁégﬁé\@h@oll ght chain CDR 3 has an ami no acid
sequence as set forth in SEQ D 130; and j) the ligh hai n. CDR1 has an
amino aci d seqfbtedcay gl&lng&ﬂlhworﬁns@@npmcgioswncm s¢ ‘Iﬁétﬁluﬂ R Hhai n cDR2

has an amino agjdl 1%)@%@%%@3@&@@2 thls b amffd thN%ue%@éas @é’c%&ﬂqn' ' ght
chain CDR 3 has an am no aclid sequence as set forth rn SEQ
15 SEQ ID NO: 105, and the heavy chain CDR 3 has an amino a01d sequence as

set forth in SEQ ID NO: 106;

¢) the heavy chain CDR1 has an amino acid sequence as set forth in SEQ ID

NO: 110, the heavy chain CDR2 has an amino acid sequence as set forth in

SEQ ID NO: 111, and the heavy chain CDR 3 has an amino acid sequence as
20 set forth in SEQ ID NO: 112; and

f) the heavy chain CDR1 has an amino acid sequence as set forth in SEQ ID
NO: 116, the heavy chain CDR2 has an amino acid sequence as set forth in
SEQ ID NO: 117, and the heavy chain CDR 3 has an amino acid sequence as
set forth in SEQ ID NO: 118.

25 The invention also provides an isolated human antibody or an antigen-binding
or an immunologically functional immunoglobulin fragment thercof that binds
specifically to NGF, wherein the antibody or fragment comprises a light chain
variable region comprising:

a) a CDRI1 region comprising an amino acid sequence of the formula:
1,2,3,.4,5.6.7,8,910_11_12

30 aa’a’aaaaaaa aa

wherein:



WO 2011/ 049758PCT/ US2010/ 051960 16 Al so part of the invention are
pol ynucl eoti de sequences that encode the novel anti-human NGF human
ant i bodi e80 2080140158 conpri si ng the pol ynucl eoti de sequeRCEAISRMMO008iINg
anti-human NGF human anti bodi es, hostl3cells transformed with vectors

i ncorporating pol ynucl eotjdes.that encode. he ,anti - hupan NGF hu
ant i bodi 65, 9 RO Y] BHESRGHH RIS GHYHbaf aﬁmh%ﬁw%gﬂygs and
met hods  ofy;gmkit NG RAfopibRYakiie 388 Besidues; a®,Ti7e of RUENEip0 i@degend%ayl des

met hods for detecti'ng the | evel of NG in a biological sanple, conprising
t he step eliplatnt acki rydtdpdiliangl ydwophoban aamne el refiducke ai iventpon or

ant i gen- bj ndi fragnment. .thereofs. An anti-NGs antibpdy of the 10 invention
may. be enpryBR e AR it St MHefRhic G uRRRLRE isEes r0atBG! ng
assayss dpt gCibsamd of RAIAiBBAticS N PYE Ry RS BRYIS , aniNEUBRPKSIALL] 4t 4'61s @gsays and
enzynme-|inked i mmunosorbent assays (ELISA) (See, Sola, 1987, Monocl onal
Ant i bodi esliphatipemomptioor inedphapieamingmeidigyidas8 CRC Press, Inc.) for the
detection and quantitation of NG-. The anti bodies can bind NG- with an
affinity that is appropriate 15for the assay nethod bei ng enpl oyed.

In addition, the invention provides nmethods for treating a disease

associ at ed w t h) iaddR2s&dorpecamthircsingoan ahinbl@id soquanocofths éelnagnsi tivity to
NGF conprising the step of adm nistering a pharmaceutically effective
anount of a pharmaceutical composition conprising at |east one anti body of
the invention or an antigen-binding 20 or an i munol ogi cally functi onal

i mune@gl obul i n fragnment thereof to agipiyighpwicgual in need thereof I'n
certain enbodi nents, the invention relates to a nmethod of treating a

condi tionygaused by increased expression of nerve growh factor (NGF) or

i ncreased sensitivity to NGF conprising admnistering to a patient orally,
t hr ough i nj ect bbis daliphatic, mtolavedapdpbicnor aylreptiobanemiab acidntesidoertébis al
(intra-paren mal ), intracerebrovenfricul afy ipfyamuscular, intra-ocular
i ntraartef? & %Uﬁt@ra&y&mpélp}%wi HERSI 44 Bkicop” bk ucn adidstepolip,

sust ai nedp{GbERAKE, FPRLRTS: 1B/dréPhoblRInARS atil Qi AR 668 a §oRR AL RGNk I0Fal | Y|

ef fecti ve anount of an NGF anti body., wherein the condition is acute pain,
dent al5 pakliphaiai hydtaphnbicr zima, acidirefidib; paiin,a palan hydwophilioner ddphatiom

anputatio r abscess, causal.gia, denyelinatin i seases,. . tri.gem nal

mecr ai g an EanBIRE SEip SRR e R P o Tk Pl R S G,

di abetes, acquired i nmune deficiency syndronme ("AlIDS"), toxins,
chenot her apy, general headache, m graine, cluster headache, m xed-vascul ar
or non-vascul ar_ syndrones, tension WD 2011/049758PCT/ US2010/ 051960 17
headache, geneflaR GBI gt OO risH Hraning acie yequeaes of e uaeds, | upus,
osteoarthritis, fibronyalgia, jnfla tory bo isorders, irritable bowel
syndronme, inflammtory eye dis%%ﬁékgggpg f%ﬁhﬁ%%ﬁgcﬁﬁwﬁﬁstable bl adder

di sorders, psoriasis, skin conplaints with inflanmuatory conponents,
sunbuft, weaecitis, dermatitis, myositis, neuritis, 5 collagen vascul ar

di seases, chronjc jnflal t or ondi t.i ans, .i nfl.ammtory pain.and associ at ed
hyper al gesi a ahcst§ 8B RHepen R ot Ivar Gkl A0 264067405 Hy pEPE gesi a or
al | odyni apy@lbpRat GlipeiicoBAtINrdRoBic aARAlgid regdipPaghetdscald e nabnt ai ned
pai n, deaf¥erentat|on syndrornes, asthma, epithelial tissue damage or

dysf unct i ovepdneleptds alksphapr.epolardiysireptilan oe drydfophplkic @mano apdirpdidyesae is
respiratory, genitourinary,..gastraoi.niestinal ,10. or vascul ar. .reqgisons,
wounds. oeeSat PR HEERNERE 4b HBHER B P i R BN e e T

gast roj nt gl Aadrohisio lod@farophobic tansino gaidt rebidudl| Bdr dtik anpoldubg@dphilivl cers,
vasonotor or allergic rhinitis, or bronchial disorders, dysnenorrhoea,

dyspepsi agMiistcibEssspraearherein said ansihpdy enfrmement dysogipiss diog) gihumann
certain eqgdLIBPLRideWien TBENRESHEQPL fF 8 RRALARGEWAILAL hm&h sk ve

bioactivity in a standard in vitro assay with an ICso of about 1 x 10™ M or less.

In one aspect, a', a’, a*, a’ and a® are independently polar hydrophilic amino
30 acid residues; a’, a°, a'' and a'? are independently aliphatic hydrophobic amino acid

residues; a’ is a polar hydrophilic or aliphatic amino acid residue; a’ is absent, or an



15 amount of an NGF anti body and are useful for treating or preventing
osteoarthritis knee pain. In certain enbodi nents the pharmaceutically

ef fecti vewarmoun49ma NG- anti body is from about 3 ng to b®atS2@0/0896per
subcut aneous injection. In certain emdodi nents the adm nistration conprises
mul tiple suhcut aneous injections. |In enpodipgents, .the adm nistrat.ion

conpri :se:sa]épq?flﬁﬁf Bo@h%ﬁ?éﬂé%@“}_orﬁcékﬁe_ﬁ HC- & n's 28 abiBhalisi o “EMBBHi ARIAPS, t he
conposi ti 90§ r&MicTBt ROASifhti¢, e 1dr MY BRIphOBIc CAMdkShoBR MNFo agikibagve;
conprising a Iight chain conprising SEQ ID NO’ 44. In certain enbodi ments,
the NGF aht iipeuylipkatisriyseephablveanipo ciea resiclonpb’, 61 med BEQre idenandeady | n

further enbodinents,. the NG, anti bodys c rises, a light chain, c rising
SEQ 1D NP YRR e R, S A S 8 P SERePendeRE i hIuRBTEF o gy,

i n accor dgneadpmitichh§diepRpay ameies atidPickateRfc't AR chy@Niddependetly poia@us
aspects the invention relates to t hods and conpositions conprising an NG

ant i body BpHpPhibE sgniee peighesidirs @ Bohpeles hkdropEticy dintetic o1 hydwpholieavy
chain co i Si 0 1.D NO 54 i haj Melo) hai n of
the ant paByRurd SShc: Ba Sy PRI PO N roR Y o 27

ant i body. hydroplestic afinendeatiicsiingss cofs dbbirs oaapaliphatichediphobiotanbeslyci¢ onpr i ses
a single-chajn Rv antibody, a Fab' antibody, a,(Fab' ?2 anti body, a fully
human ant Fa56Hg; © dhd/brdrophRbiemiine dcidiesidesapnd cn 1% & pelas My drhiistamise  hi s
aspec%othgc-ggs-%%ti body inhibits NGF signaling. WO

2011/ 4975§ } 2010/ 051960 18 In certain enbodi nents of this
aspect, the N I : issociates firo hugan ~NG= Lypeptide, wth a KD
of "about 1 x 10 6PHEREY e aE Rty il s s Ayl PR p R BERLRNE 17 5

| ess. I n geistadim’ esroddomsut & i08ct btilic; ad padbentt S, M@ yaniibaty Teatrpal i zes
human NGF bioactivity in a standard in,vitro assay with an |50 of about 1
5 x 10-8 6FPhadsis Afely. Al aova; randds are Hla s ost: respectively boivderiogss. I n
certai n eghodisngRt.s,..tAhe. t kho [.$3QCl r

ol ypept | Ao B RS R L T AR e S T O A v noe
bi oact3 vi Pie,iTyraAss, andda;oc’iin Asit Gly, as Say cist SertdneAsaboVis-Tyen$érofiegd ok C50

val ues. . Speci fic _preferred_enpodi nents aqf ot i nvention wll
becone evPE%r?glsfarbéﬁﬁtll%& ‘irolflgi?owlr‘?ﬁ’ mngy’d@f 'rg%?@%(’fééschf]i“pti on of certain
preferred enbodi nents and the clains., BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 depi cisapth@arigidar 3eefingt Patde hedtd al dEaigomldfSMdRImapdvity in
the DRG n .neytsal | i I 9 ho ang;i, bodi es
purified ?glr ? é}g%&tﬁﬁg Hy%r(?@odﬁa@%’oagg? tg F@@?ﬁeg’y %)%%’ §aJJ&&F%?@ %r)%%pi cts

gr aphs t hat TgebnsAsmoeGYRDb’ expbessi Ah ailiSeul raspedtivoty;hiraSeNGFAact’ vi ty and

neutralizatjon of NGE activity i neyron hased neytralizati on bi oassays
by an?éint - OB A o luaﬁi% 8559552? %ﬂﬁ“ﬁ%ﬁ g ocmaf%gll%?bﬂsi

condi ti ong | & AROE i9WisR, GlydePs&t &° 9IsRPhsALN@L i IBPS&! T/, 8r Phe; ¢
neutraliza 1ir’(frxnig’of NGE act i Vi tyy(’ji n DRG neuron based reutral ﬁ;z’a{i on bi oassays

by transi embssntapr esdiedc’r sdoniTmahyr, antire;NGE cAB4Timronocl onal  ant i bodi es
when expressed as either an 1gGL or Ig& and in cells grown either in a
roll er bottle otubthermrfidlaraspécs:spi nner flasks (S). Figure 4 depicts
sequence al i gnnents of neurotrophins The nunbering and 25 secondary

structure el emenihe [ahoVRaih DR EGUSBE aniRS 8did tsequBatdne sUBRA iINGEQ Ipnser ved
residues are marked wth a star, and regions wth | ow sequence honol ogy are
shade® NGF huhéh Zsthsiight ghayoC 1S NORNTBY dddissquseey oAt BSSE@DNF i s

SEQ 1D NG 137ip Nig 363 atFRe!1nMNAaid DR 3 WR 4P ARIPEFGH Ha W6k 1960

in SEQ ID NO: 16;

b) the light chain CDR1 has an amino acid sequence as set forth in SEQ ID
NO: 95, the light chain CDR2 has an amino acid sequence as set forth in SEQ

30 ID NO: 96, and the light chain CDR 3 has an amino acid sequence as set forth
in SEQ ID NO: 97,



19 4& (SEQ I D NGO 116), 14D11 (SEQ ID NGO 92), and 4D4 (SEQ ID NO 22)
ant i bodi es. Figure 6 shows anti-NG- CDR2 heavy chain alignnment and
percent iwenpios9fser the 14D10 (SEQ I D NO 99), 6H9 ( SE®CIDShidn/0ins), 7H2
(SEQ ID NG 111), 5 4G (SEQ ID NGO 157), 14D11 (SEQ ID NO 93), and 44
(SEQ I D NO 18)

nt.i bodj e ure hows anti - N CDR:g vy chain
al i gnment and é}ﬁ% h@éﬂ&%l%% ap gmi%ﬂﬂ SEREEST B RRD C?C% E@r@)(seqm

NO  106), 7H2 &‘éﬁleDﬂ{\éqqi Ihhin éﬁ@z(@é% ke a&&%équeﬁéeD&sls&%@th NO
94), and 4D4 (SEQ 4) 10anti bodi es. Figure 8 shows anti-NGF

CDR1 |ight chaBRQalD jiehele, amtjthpérghenhalndmﬁ|3tlyasfaorarm1he agulDEQuUEISE@s | D NO

95), 6H9 (SEQ |D EQ ID NO 113), 4Gsa (SEQ ID NO 119),
4GBb (SEQ|DN8f!€I‘% %@ I’DNO 125), 4G6d (SEQ ID NO 128), 4Gee

SEQ I D NO 3 4D11 (S SE
famt .Qbo%. es (4@533*11%1 gaéfcéﬁ(‘lpg%lﬁf h@ﬁax}a “&ih%“g Sﬁ%@é@ a%QS@che@Ee@Ng@%IBzxesb is
referred to i NNRIME@YhHiGH! @5int8 DROOBA0Z8 3 Ao &@gequ%néeessegaefgnhqnl n

vari ous Figures as 20031071526; 4G6d is referred to In various Figures as
20031028344; 4680 s NQs 1981 el the light vlaain 6U3R Bi lgwrapsanzigo 2003LQ00628) . Fi gure

9 shows anti- NG C@gZ al i gnment and percent identity for 20 the
14D10 ( SEQ | D RO é‘%@gbi‘%% NG 108), 7H2 (SEQ ID NO 114), 4Gsa
(SEQ I D NGO 120 D NO 123), c (SEQID 26), 4066d (SEQ
ID NO 129), @%@le(&bf* R} Bay an fmola%@@%cw S@Ngyﬂhlé%é DD (SEQ 1D
NO 2§y anti bogljes 1646Rayifi JhﬁfneCD‘R‘i B daMBio! é&'i@s uQHéee§s &% f6RR34028340;

4G6b is referred to in V&%IOUS Fi gures as 2003102835 4Gc 1s referred to
in various Fi gSE@sIIPSEY: 12803iDhe3dt ch@ DR 3rlefs @nrazeine acidrseqegricoas Fi gur es

as 20031028344; o in various Figures as 20031000528).
Figure 10 shOV\é ti%[? T’N@i%&é ﬂtfht chain alignnment and percent identity
for the 14D10 S HO (SEQ ID.NO 109), 7H2 (SEQI NO 115),
4GBa (SEQ ID @j?t% [%%E § £ RIEHDO0) 8G4Y SCaEBEC pssEvh TP NOSERHY | 4Gsd

30 (SEQ I'D NO Nb301)19 E%I{t%’ﬁgnl @D@ ha%sazh) amﬁi%D:gcld gé&&léé}ag\lg%t fh inand 4D4

(SEQ ID NO 16) anti bodi 4CGba 1s referred to in various Figures as
20031028340; 46BR ]ENIbeléﬂrm:ﬂtlm light elain 6U3R Bi ltpyragsangigo 2003128863 4G6C i s

referred to i nse\{ 5&1?%SSE&9)%9&:1{2%'9758PCT/ UsS2010/ 051960

g) the light chain CDR1 has an amino acid sequence as set forth in SEQ ID

NO: 122, the light chain CDR2 has an amino acid sequence as set forth in

SEQ ID NO: 123, and the light chain CDR 3 has an amino acid sequence as
20 set forth in SEQ ID NO: 124,

h) the light chain CDR1 has an amino acid sequence as set forth in SEQ ID
NO: 125, the light chain CDR2 has an amino acid sequence as set forth in
SEQ ID NO: 126, and the light chain CDR 3 has an amino acid sequence as
set forth in SEQ ID NO: 127,

25 1) the light chain CDRI1 has an amino acid sequence as set forth in SEQ ID
NO: 128, the light chain CDR2 has an amino acid sequence as set forth in
SEQ ID NO: 129, and the light chain CDR 3 has an amino acid sequence as
set forth in SEQ ID NO: 130; and

j) the light chain CDR1 has an amino acid sequence as set forth in SEQ ID

30 NO: 132, the light chain CDR2 has an amino acid sequence as set forth in
SEQ ID NO: 133, and the light chain CDR 3 has an amino acid sequence as
set forth in SEQ ID NO: 134.



20 Figures as 20031071526; 4G5d is referred to in various Figures as
20031028344; 4CG6e is referred to in various Figures as 20031000528).
Fi gure l1Ilwehowsm4ars8i - NG- | i ght chain alignnent and per ceat/usdentostogo f or t he
14D10 (SEQ I D NO 82), 6H9 (SEQ ID Na6 84), 7H2 (SEQ ID NO 86), 4G6a (SEQ

5 1D NO 88), b (SEQ ID NO. 89), 4Gsc (SEQ ID NO 90), 4G6d (SEQ I D NO
91), 4Gbe ()SEQ%\&%N& Ef(lgﬁﬁ)“}Veﬁﬂmi‘)e(@édu%lﬁgﬂé?s%‘?l}%éﬁl%ﬁt)&ﬁﬁ?deé PSTNO. 12)
anti bodi egnd{ & NGI RlREd &lidoRids Nvatard e&ﬁ%@iﬂg’ 5@&%%&%&@3&%&%5 4G6b is

referred to in various Figures as 20031028351, cisreferred to in
various Feepedew agi-Re0d1 VNGB 2emaaGedibodics.chast regls tansfnrmet moths véditgar es as
20031028344; 4Che is 10referre o in vario Fi gu s 20031000528) .

i gur o 12 TEREREI g ToXeTREAGy theb ankot) R bt S BamER DRERRTEY T or ¢ he
4D4 (SEQ fd?nﬂﬁtioﬁ@b@mﬁ@n SHQL{RNR GI8 Flimait AR & SERd! Rth6ds $lhakiddD11 ( SEQ
IDNO 79), 7H2 (SEQ 1D NO 85), and 6H9 (SEQ ID NO 83) antibodies. 15
DETAI LED BESER GrMEF CERTAI N PREFERRED EMBODI MENTS The section

headi ngs used herein are for organizational purposes only and are not to be
construed as | iThe tihvmptivhelsubjorotes mactheds Gesdaté¢dtiod. thallbval effeNeficesacited in

G N R R S S b AT
reconbi naffe fAMutidd b aniEhanhdife MighichesheteofanAnt AdSNEFCMtHE Fndle
transformation (e.qg., electroporation, |ipofecti é)ﬂr%. Enzymatic reactions
and plft i f invartieshmerdhamgplpysd imymbknqyer dspyrathadcicdiagompetiftypifiadingr er' s
hor oi . RS o Dhe g TPRR g BRI B e g oh s IR HEET T o e
accor di nglihkedigirh@dsomehd askNBWELISA Y (B2ea8dlaarib7aMdhesionalbettibodiesarA ous

general and nore specific references that are cited and di scussed
throughou%&ﬂ&@ﬁeﬁ@&twggbcpw-i d4tilet. (Ble Rucyp, Inginforothe deteglfon apgdoy
MOLECULAR ' BERATER Qlyﬁ{n - S

Labor at or ‘%%%ggoéﬁ%ASprl ng §8Mﬁar oP?%@%w\fgﬁgﬁml@gﬂl?ﬁggﬁgﬁﬁ%d her ei n
by ret®r efurehd assayamythpd bpmgemplinledss specific definitions are provided, the
nonmencl ature utilized in connection with, and WO

2011/ 049758PCTidJa@0iéd, 0hd %6Lnddn previdcdnsthd &y for Prcat®d b rdisadshsbeistani ques

of , analytical chem stry, synthetic organic chem stry, and nedici nal and
phar maceubit@anciepEd pdyctign i NGEdohEcEaschrasitiysy doviEBF JeRBWIMINGnEc commonl y
used in the, it adrﬁidﬂt%}r%{% Y% ﬁ%‘éﬁ&hfc%f' FEGANQHGRE TR a gﬁaﬂﬁ&‘éuﬁ@aﬁ

cheni cal sy%t eses, che cal ana yses, pehar maceut |1 cal preparation,

5f or nmul at canpositinch chahprisiigyat lamd ohe eatibreiyt ofcthe pa@tcho 6r an antigenAsndihgl i zed i n
accordance with the present discl.osure, the foll ow terns, . unl.es

ot her 26? oeoF ez BRiobichy funsgo dersigsiebiEh fagecrtBresf Toow H@l%@%ii ngs.

The phrasgsheclin@lr@ai cal property”, "biological characteristic", and the
term"activity” in reference to an anti body of the present invention are
used i nterchan - h i I , r i A . 0, epitope
affinity and s%g%?#t%ﬁgl %&%ﬁmg&g gl%t }n{{%hﬁ%ﬁ rﬂ%’c_érs h%ngnrﬂgt?]l?éli bd(;ﬁdg/rg%}n%d?ng to
human NGFponditidn ¢cduyed by anrtagahegecssioa ofichdrve gyovah fidue NGHeairancrpoky pept i de
(e.g., NGF activit the i.n vivo . stability of the antibody,.and the

i Munogenf@SPVEBdp Nz CRIPPEiHRE aﬁ&ni%%mg_ farheftiong aFidlyt thémgil IBIGGP%LX al
propess i emQkefRQr act er {ighb&Hofdalan ant jinbady.ggcogni Zﬁﬁtré-ﬁaﬂeﬁaly%él),' ncl ude,
for exanple, cross- 15 reactivity, (i.e., wth non-hurman honol ogs of the

t ar get ed putaggepovaericdar, wi intraoub@darpr anra-osuler, t indsektsrjalgenerapoktg),, and

bility t hi ion |evels. of tein i N Il's.
The. af or oI BREC R BEARELS TRy Rsinebrd Soiple Sestiimp oF bpdapbauge *  °
neasured Y§HAG ArfaiBERINEARHEIRBI SHE Mt SIChUNOD, aBbdNOtwickdTht@gd to

ELI SA, conpetitive ELISA, surface plasnon resonance analysis, in vitro and
in vivo condition is acute pain, dental pain, pain from trauma, surgical pain, pain resulting

30 from amputation or abscess, causalgia, demyelinating diseases, trigeminal neuralgia,
cancer, chronic alcoholism, stroke, thalamic pain syndrome, diabetes, acquired
immune deficiency syndrome ("AIDS"), toxins, chemotherapy, general headache,

migraine, cluster headache, mixed-vascular or non-vascular syndromes, tension



20 neutralization assays (e.g., Exanple 2), and i mmunohi stochem stry with
ti ssue sections fromdifferent sources including human, prinmate, or any

ot her souwoeon#4915@ need nmay be. Particul ar activities aot/ustaoogivsal
properties of anti-human NGF human ant7i bodi es are described in further
detail in the Exanples.below . The term"isol ated pol ynucl eotide’ .as used
herei n shAfqdaphearseaey Ewﬁm@m &&h%&ofﬂwg@ﬁ%ﬁe?f BNAPUSIOSSPAEREY ¢ or i gi n
or sone Cﬁﬁiﬂnﬁ%ﬁ%&ﬂnﬂﬂﬁﬁﬁ% bYRECHsEMed] flitdBlePowd SyRirb @b infilBnakR| at ed

pol ynucl eotide (1) is not associated with all or a portion of a

pol ynucl eoyd disotidarswhiflemndteryi aolnatabld adden disoatsts, gheoriiasist skindomplamgts ur e, ( 2)

is linked to a Jol ucleotide to which it i.s not li.nked in. nature, or (3
toes not . SAB.RRHIEE: E3kuokahy SbGM, Ldifs 0 SermarBE TR bEb RS ool of ed
protei " c&lfpeh 8dsduthrIcaIR, BBBAR ihhahmatosy RbREtion! diftinimdtddy psinfahge of at

| east some other proteins wth which it would nornmally be found, (2) is
essent i al Pspogipigd hyperglaesle andotlloryizas nawonatc Pameansoapsedated hyperalgesim t he

been sopa’ailetib, fultPuEIRR Y Sty etk e eBl S BB B 0
percent oticaifdrytinatiineginideieses, kithds cpidatibotiyde alagge oF dybfaactiomthergeal s with
which it is associated in_nature, (]5) is not associated (by coval ent or
noncoval effl¢e disabansay ol ipesry GRatiity: at TSP QY Y oIBItAURRATY, SARGTQIRtepal

"i sol gt ed P LS, i at i - 1S ably: as L.ated (by
coval B o RSEal rel S SRR L ARl oo R BB T
not assocpgatettestinalatisoersorcolitry, giseis wlotratoms utuodenahatieerse . vaSouobtoamri sol at ed

protein can be encoded. b enaolri ¢ ., CDNA,. nRNA or ot her RNA, of

Dot bt i aleriie i oa wanH GroatdcEn Y HEFMBHOcE GRRsRY JooEaRsoihegtal o
protei n i gRubsiRALEAL oY vist&8lgid om proteins or pol ypeptides or other

contami nants that are found in its natural environment that would interfere

with its use ({heertgegnibodindads, dbmosthads qomppiny laaptarmaceutsdbyr efficative

ot herw se). i sqlated” .anti b i s ope that has been identified
ond - sLhar APt Al b e ERURH S P ST s dredie b Preding BRskerBEDh  onorent
Cont am naRkecCARIRONE HeRaidl crhBodlimaityitial plititlaé BRIt cAERivERIn&IUnaks NGRt woul d
interfere with diagnostic or theapeutic uses for the antibod and may

i ncl ude eptihods is Fophpbmag 3 mado @b%éﬁMBgmebﬁ@b%lé?@é@@ﬁsinﬁctiﬁ@anp)ﬁ@tﬁ%én naceous
| utes. ef ' ' ' i.f1ed t
oreat ot RARBUELT, Bl FIRARLARG) SoptSeEMUBAC b idncss BHEIORE, e ho,

and nost pmbddinebisy tho radmitisratdaYedyprives ghtsing(2 bubataecoeg igectiuf f ilei ent to
obtaipn at |least 15 residues of N-termnal qr internal am no acid sequence

bydus%o of cHapicARPAT @, e qomRatitens yid (sthody ondhb griraliey cByPEISaPAGE
under 20 N%ﬁ!;;a{qﬁ'&)dsﬁcdmisﬁ@ﬁu éﬁmﬁl E%@@isiﬁ??ﬁg)dggt ssiue B Y&thh

pr ef er abl y, ver “stain. Isola ant | e antibody In situ
wi t hi n r ecabbdinents, tel N6Fsinfibedyatorhgass adrevy ohporempriemg t4e) A0t NOody' s

natural enyiro nt wi.ll.not b ent.. The terms "pol ypepti de" or
ot ot ai - W dRqurE athodimnsy i NCHo SLdg FOESETh AR bR CRMREUNE hat | 5,
proteins BrOAdWCRO. by, alﬂafallfeé{@ié’ha%%ﬁﬁﬂiﬁggﬁglﬁpﬁ@.ﬁbpa!|y non- 25

reconmbi nant cells, or genetically-engineered or reconbinant cells, and

conpr?se nol echlcesrdinglyi, Ny acherdanrenwithdhel abexpudercaptadn phéhanavienieonprint ei n, or
nol ecul es_havi ng del etions.fro dditj ons to, and/or substituti of one
or more aWtsagedE Bt RATiL R M e SRR ant FmBOuiR SRR ang

" protei n" agfRa f dotdrisihge CigAP akfin adhiphSgFHQ DDANES 4404ndS & QUBNC eBaih hat have
deletions from additions to, and/or 30 substitutions of one or _nobre an no

aci d of aporapiising RER EhNOsd@ywherein the hggvit dhapn ansblighyspeingd the afibedy " refers
to a pol ypept.i asg .an; am no-term nal etion,, a boxyl -t erm nal
del eti on, R%néélgfécggﬁa?yng e?lﬁg]]mede%% JE)On .fgglrﬁr:aacgr g!’fi %hée}ﬁrb%lgﬁb@ﬁt si,%yfS ?Iglgrrent S
are as0 | easbodinicatsalfahit a5t ane NGFaaitibedy omgprides awingdle-bain Fv antibody,

a Fab' antibody, a (Fab’), antibody, a fully human antibody, and/or a humanized

antibody. In some embodiments of this aspect the NGF antibody inhibits NGF

signaling.



WO 2011/ 049758PCT/ US2010/ 051960 23 appreciated that in certain enbodi nents,
fragnents are at least 5, 6, 8, 10, 14, 20, 50, 70, 100, 110, 150, 200,
250, 300,wB2011/040B8 or 450 ami no acids |ong. Parti cul ar P¢TUSe610/051960

pol ypeptide fragnents include functioal domains, including binding

dormains. In the case of an. anti-NGF anti body seful fragnents i ncl ude but
are not |imi tgﬁ“ fgtan g@ﬂ%@dw@fsoﬁ%\' tﬁ* WF?taH}eeNﬁ%nﬂ}t ogy Ay 9P fight
chain, a pghhh 8 Qliﬁkpﬁﬂ& LWRAdYK S BREBbURN A HBtod 1B, Y6k 2B R)'P 80188 ok ncl udi ng
two CDRs, and the 1iKe. The term "specific binding agent" refers to a
nat ur al orbawon- matllir air lessl dic wkdain ambasipments iof ghisyaspeaidthet NGE ardrbgdy .

Exanpl es of specific binadin nts include, .but are.pot limted ,

ot ot 61 ne, pFRFG N OE PR PR af s H R i ot vk Beer ¢ ai n
enbodi srenksj0a os ekl fabsutbi Ndilng &IRRE, b aBsutaMbi PO@Y.- or less. Th@ert/h M
"specific binding aggnt to NGF" refers to a specific binding agent that

speci fi cafpodmedts, BiyNpb entilmdyctissnagtes [fiont @ htmpn NEphpely penttds With thpeci fi c
bi ndi ng a (S ti i | fi cal. -

o 2 B AR5, M AT DAL ARSI LAGDET
15her ei n pifensay oith tholtpephdntionéd BOpealled hat contains at | east the CDRs
of the inmmunogl obulin heavy and |ight chains. An immunol ogically functional

i mrunogl obul i nShERBEBRErRY dnfiR dINMRNSS @B invenGP M Be@imddvighng GohLthan
antigen. In preferred enbodi ments, the antigen is a |ligand that

speci 19 cafallpwingaora detailodalseqsintion of pertdie peefarasoaitmdiments pidie slpims. an

i munol ogi cal ly functional inmunoglobulin 20 fragnent of the invention
prevents binding of the ligand to its receptor, interrupting the biol ogical
response resulting fromligand binding to the receptor. Preferably, an

i mmunol ogi cal |y funct BRIZIF DESGRABTOON OF THEPRAWINGS he i nventi on bi nds
specifically to NG-. Most preferably, the fragnent binds specifically to

human NGF. TheFiga&m ‘deitidroadpghy 1RE Geiohgiehte ASuttisiestidnesfalOF abevigppl thed to an
object refers 25 to the fact that the object can be found in nature. For

exanpl e, BRSongwepthaged seutpdizstinicbieatspy &ysHert armecional antbogice parified n an
organL ”‘ﬁ%ﬁﬁhgﬁh§%6&4&ﬁﬁﬁﬁmégﬂ%p%a” be isolated froma source in nature
e a

and that has no en | ntention y nmodified by man is naturally-occurring.

The term "oper abl i,nked" ans, that th onents to i he termis
30 appl f edar ef 8% PERES 2EhER g Btnsiior  TERERT D Qg o By hifah

i nherent N@ICAdRNG aHABSItr b i GDOENCIMHLLItP NS DREP he @ ¥R B nedtrslgntice!
sequence "operably linked" to a protein codlngbsequence is ligated thereto

so that eRippesgys by apfantifdGE raensctpnebaitigdy D2 b purifierb fs@HbT/hygidamn? 051960
24 sequeng&uﬁgl%a }%ﬁpd under conditions conpatible with the
transcrip T onal ac ivity of the control sequences. The term "control

sequence" as used herein refers t ol nucleot'q? equ tgat can effect
oxpr 694i on, _pr BEALSPrgPEY BPPS ot e A el BRT oF a4 bedfiences
DRG neuron based neutralization bioassays by transiently expressed recombinant
anti-NGF 4D4 monoclonal antibodies when expressed as either an IgG1 or IgG2 and

in cells grown either in a roller bottle culture (R) or in spinner flasks (S).

Figure 4 depicts sequence alignments of neurotrophins. The numbering and

25  secondary structure elements above the sequence refer to mature human NGF.

Conserved residues are marked with a star, and regions with low sequence homology

arc shaded. NGF human is SEQ ID NO: 135; NGF mouse is SEQ ID NO: 136;
BDNF is SEQ ID NO: 137; NT3 is SEQ ID NO: 138.

Figure 5 shows anti-NGF CDRI1 heavy chain alignment and percent identity
30  for the 14D10 (SEQ ID NO: 98), 6H9 (SEQ ID NO: 104), 7H2 (SEQ ID NO: 110),



5 to which they are ligated. The nature of such control sequences may
depend upon the host organism In particular enbodi nents, control sequences
for prokawgavas4oeg | ncl ude a pronoter, ribosomal bi ndi RGTAISREV/081960
transcription term nation sequence. I¥ other particul ar enbodi nents,

control e r_e ryote cl ude S [ ne or a
pIuralltyigg &%ﬁ%&é%gpoﬁ%g} %@”ﬁo&ﬁ¥?éﬁ @k% 25 q?éﬁ% ¢§£f?é<§ %@ ription
enhancer ggedansces, transcription ternlnatlon sequences and pol yadenyl ati on
sequences. I n certain enbodinments, "control sequences” can include | eader
sequences and/ i TEHUL eoti de"
as referred togkﬂ%%?ﬁﬁﬁggﬁéagﬁﬁale st?%h e Hldloﬁgﬁgaggﬁ% %ﬂéﬁ%ﬂ@ eic acid
pol ymers 6dr tht 14B&8(SHQ IPUNDe69), dew | (St’rEQ a@ndi. 1050, 't (SEQ I]D5N@rrﬂwd)th ment s,

deoxyrs boftie) G5 dBVr 13 hodi et iRbih B ARvner APAclH Mickdotihae. Sai d

modi fi cat L ngdidc! ude base nDdlflcatlons such as bronuridi ne, rlbose
nodi fications such as arabi noside and 2', 3'-di deoxyri bose and

i nternucl eotid s
phosphorodlthlgé%ﬁyk%ﬁgggﬁgéggﬁfg%oatgégghmgﬁdggﬁﬁgﬁgég% %ﬁ%%qgmuny
phos phor oémithot 4D ba{SEQ H)D(N(Dot(a)); 6149 §512Q ADANPh 06PN THD AREQADENOTHE2), er m

ponnucI ti ecific cl udes_singl e and e stranded fornms of
TSR IR bt 18 A4l 1SS TPehDY o i ARk HorNed Mt ur ai 1 y
occurIOngmnﬁQgKgpdlfled nucl eotides |inked together by naturally occurring,
and/or non-naturally 25 occurring oligonucleotide |inkages.

Genaral Ly of gl BBl € sRREINENBEODR Fulit ARt A RIRA! Bl ITRRRRGHT 2T° |
certai n etheddDIORBE( 10} N@o@ﬁ);I6EI9t(SHQsIIBNe) 107), GHEQASBQdID=NOI: d&%), #66h engt h.
In certain_enbodi nen t§t§0||8$nUC|eOtlde are éﬁi 13, 14 5 16, 17, 18,

19, or 20(3%R 4B Mdcl & EQIRNPH 22 #aon(REQ PN hay Bed BRI e
stranded $9n\@. f&%‘)‘bai(%es(tsﬁa@ﬁﬂho €139), 1f4@11;§§;ﬁ(j[ﬂb Nog 9%9%8&%%3@@)95 a

genetic nmutant. i gonucl eotides of "the i ion may be sense or antisense
oIigohﬁclé@liﬁ@snmboﬁeséﬁﬁhemoﬁaﬂufw1pn@neumFde$mg2§@huéﬁ&ﬁ)4Gm01s
2011/ 049758PCT,. U82010/0 960 25

nucl eot | dBLSTIHENTTBEORN R EMEN R EEtle MRS et B O o A

”Dd'f'eda@QGéﬁ@WﬂﬂRﬁ4KR%FEH@%%@B%6H§Q%h@@§ 1&&;&@@@&%@@&pﬂ-aﬂ%éhbtUtEd
sugar groups and the like. The term "oligonucleotide |'i nkages" i ncl udes

ol i gonuc| edetiredktolin mkaged iguehasa)0gho¥SA8Y. ot hi oat e, phosphor odi t hi oate, 5
phosphor osel enoat e, phosphorodi sel enoate, phosphoroani | ot hi oat e,
phos hor ani | adaFgurqo%slxp’meaNGﬁa(fléRZ dugtit ¢Haen dligoenenSeed pacant jdebaBl fanche et

06! 677, e aHosSEL D WoSae) SOt RINAERAE, Tugsnlgh s 1 4f8E 007

Ant i - Canc DNOES2HNIGE Iﬁqn"oelz l4G6d IIONGONAGLAGTd (3E%) AND
ANALOGUESQH%PERACTICAE APPROACH, 10 fﬁ 108 (F. Eckstein, Ed.), Oxford

Uni ver si t JD PHesE2)),Ciiwr (GEENHD Y, 133), elérl?étl (§EQ IDUNG: 9Patand NP4 (SECSID 510;

i o ar 0 S0V e GO RS BBy F ARGk RATRSS ©

ol i gonucl e@érrdetodaNativgy Eigerea a6l eomu)amsa legoelis ie@eredaatbllﬁ vagb@ClipeRs of the
ollgonucleotlde or bridization thereof. 15The term "vector" includes a

h
nucl e?T adt dOOI0EE3A0 ASKial| iefcared tp dRssEIPHS hieguagtorsheP0310e8ite 466FdSt o whi ch
t has b | d", which ref t

Lircﬁfareggﬁ% ? mgggég%%g %ﬁﬂxg?&?ﬁzmﬁlih gdg?P}onal DNZ s;gnggfs ﬁa? be

boanerts o L‘Elaufey G fiow fi-Nar Sk liR et Ramel i€ bl b RN onr e

of 20 aut qu@msm@mmaumo o), SHOSEE &b INO nton))mmzk\smqm KOe 1i s, r oduced
(e. g., bacterial vectors havin bacterial origin of lication and
RekQ 6

epi somal ARAMESEQADNE: b2 1) 4GER JECNOF éz‘()e4§60 (Sfﬁﬁt\l@dﬂ okal) fefdral i an

vect o£$) ﬁﬁﬂ? \ t e t 0, oducti on
into g(ﬁe oSt ce p qg% t er@%@ gﬂgg\l(?ep |tat eéﬁé@(égl%ﬁ% 91,},% /‘nln ﬂ?ﬁ genone.
Mor eover , (S TRINOV €6} attibodice (4GRaib refentd @i insatibngFighes 256260310283i0on  of
genes to which they are operatively |linked. Such vectors are . referred to
herein as4GPE(‘>ng?rW§ﬁP iy Qs diighey et 02631: 4Popisyeroned i Boerions
vectors”). In general, expression vectors of utility in reconbi nant DNA
techni ques are often in the form of plasmds. In the present specification,
"plasm d" and "vector" may be used interchangeably as the plasmd is the
nost commonly used form of vector. However, 30 the invention is intended to
i ncl ude such other fornms of expression vectors, such as viral vectors
(e.g., repllcatlon defectlve retrOV|ruses adenovi ruses and adenoassoci at ed

- g, r



WO 2011/ 049758PCT/ US2010/ 051960 26 The phrase "reconbi nant host cell"
(or sinmply "host cell") includes a cell into which a reconbi nant expression
vect or hawobkerm4pTs8r oduced. It will be understood by these/uskowlsiokoin the
art that such ternms are intended to r®fer not only to the particul ar

subj ect cell but th ro y .of such a cell. Because c i '

modi f i cat tﬁ%@snaa%@%{%ﬁ?% HCGH i3 dag 16 dn ersibHs hisiesy S0dftos 4t at i on

or envi r onaeRtAkfdafi k& BNCLRDus PGk 296M000F)R)Not , in fact, be identical to
the parent cell. but are still T ncluded within the scope of the term "host

R e

to express the I es t he present I ng "bacteri al,
yeast, bac¢4Do¥{SEQ [_andd nnei9 SE@XPME3siHn7IdY 3EQED(Q: 8®l 4Gas(SHND phage
di spl ay expressjqn t ) A a f a sujitable terjal pressi on
vect ord i sl ﬁgéﬁwéééﬁﬁgésmaw é%?,% @g&%Mnfq)y“gggﬁ%@@%Peﬁél S
transfect @13)WGY69 (SBO 19 NOP181Y, @@B’I’P!(ﬁ@?FIDeNOF @(éj)? LR 4WAGEROSITF &iJ- Yikpg DNA

h n N ght and h t he

fragments encodi ng the i munogl obul i ' eavy chains of
anti body sutdiodidid#Gomes teifghad tand vavawsyFighias ns 28031 028 p#k SKed iis mefichred host

cell and,  preferably, secre } t medi umin 15 which the host cells
are cultulbdr vEia LiER eGP e AR Ton BB i v Vel BT & andar ¢
r econbi nanhoIMYAL st sk 0r&ESr@d o Uk Behriols Eafidtd agdMooR oshe3heaugeand | i ght
chai n genes, incorporate these genes into reconbi nant expression vectors

and i roéﬁf@éedﬂqen%m%r%gurm@)Slgﬂ%thQ(EQBb, such as those described in

Sanbrook et al., 2001, MOLECULAR CLONI NG A LABORATORY MANUAL, Cold Spring
20 Har bor LaboF@uor i2showsustibNGF Headw cletin alignniedsnd pSuemntadenty dargbol s i n

Mol I i Publ i_shj i gt 3 d, Pat ent

No. . 816454 7°ED R OEIB, Ao (SEd 905787 HefTa SEDPH N hEabR! crer to
a cel | whigiy oNdERy), HARHRIIRD: &), dnd EBPEREIPNAE T antibans] of med wi th

a nucl ei c acid sequence and then of expressing a 25 sel ected gene of

interest. The termincludes the progeny of the parent cell, whether or not
the progeny is identical in norphology or in genetic make-up to the

origipal p @?Rfﬁr b@% ﬁR?E The term
"tranis]%uct ﬁ)ﬁaﬁ‘&lllééﬁsﬂe 0 re]}(gﬁ(?lﬁ eﬁglrl\g%s eI*r 0 %&B?P%%E()Nngs bacteri um

to another, usyally by a phage. ."Transdyction”. also, refers tpn the

30acqui o1t} on 1Rt Rh PP Br Rag b ORI iR BL G oS ohfy Mdare
retrovirugest be constrldiCad Bmngt thaRgbje&thmeer deScrite@d AP réfefeBEcst@teting upt ake
of foreign or exogenous DNA by a cell, and a cell has been "transfected"
when t he BxogmhictisonDNackrisssbemgoipatateasducisterenrsihgecin fs age PRIPABITDr ane. A
nunber of transfection techniques are well WD 2011/049758PCT/ US2010/ 051960
27 known in the art and are disclosed herein. See, e.g., Gahamet al.,
1973, Virology 52:456; Sanbrook et al., 2001, MOLECULAR CLONI NG A

LABORZN ORPeliftidhk, Col d Spring Harbor Laboratories; Davis et al., 1986,
BASI C METHODS | N MOLECULAR BI OLOGY, El sevier; and Chu et al., 1981, Gene
13:197. Such 5CbgedhfibfalaschmdfuchendySiedude@ fontccOfb@nODBRAQoliFBRk|®Xidgenous
DNA noi eties into suitable host cells. ) The term "transformation" as
used her epyithesiseagd ttissue epamgan frapswamption (eaetclcstrepRIpER diodcties). and a
cell has a L i fide Nt al Ny w DNA.
For exam?gghéét%eﬁ%r:?@g?%}i%ﬁ g?%{?ﬁﬁg?{g&? Snﬁg&g%eng%#%ﬁ%ya%mﬁg gg from10
its nati vemaatfat@rerkaptwficangns oamséoauhoy aocorhplahsdlircthi ar, ortageletartbodf or m ng
DNA reconbine wiith that qf the cell by physically integrating into a
ohr ombSomBSTGN t FENCCITFEOTBE (HEIBES MiinPEeHAle ﬁmskﬁrﬁqn?aﬁg %er’i%oé%iegorral

el ement whddpihe REMIoUS Rl indhe ARYrieR!deSatie R USREAIERLEY 188 2
plasmd. A cell”is considered to have been stably transforned when the DNA
is replicatoed spetifict tederdinacs stheh apé ¢ited erd | discSFde threnghdunathar picbgnt
occurring” or."npatives when ed i n caonnect] 1th biological materials
such as nﬁﬂzchicég%i d 3661 &cén ga@%ﬁ%?q&p@pla?de%@qhmmggﬁnr@ g(;IrfB\mfIﬁe i ke,
refers toprBbRATGRYSMAMNUGR, 3d @df @M Spinp HAb& PAdrabE PRts, Tyl Bptiaged by
man. Simlarly, "non-naturally occurring” or "non-native" as used herein

r ef er $0 t oHarbost MY aiwhi¢hats ingorporatéoberdin by mefetanec dor ahapuipase. béhess

structur alsﬂe\éiffgo &lelf{lllit?odnsoe{re provided, the nomenclature utilized in connection with, and



20 synt hesi zed by nan. The term "antigen" refers to a nolecule or a
portion of a nolecul e capable of being bound by a sel ective binding agent,
such as awmOanti/daetg, and additionally capabl e of bei ng esgaszonoam9ani nal to
produce anti bodi es capabl e of bindi n@lito an epitope of that antigen. An

anti gen ve one or nore opes. 5T e t rm"identit as known in
the art, %léﬁ atogy Jrqcgfiufes Sﬁ‘g{gﬁ bmﬂk}? ﬁ‘ni‘ SGEOREYs S t?{?tkﬁoorgﬁmﬁor e
p0|ypept'Q@nﬂ@&fcakﬁﬁmQ&nﬁﬁﬁn@rhQ@&ﬁeﬁﬂﬁl%h&n@ﬁme@Rh%ﬁqk§§nzﬁétﬂﬁ&er”‘ned
by conparing the sequences thereo In the art, dentity" al so neans the
degree of wgkldqmewoemudedoatmmﬂeysedwt the ant. nSiglikily, amvdntmﬁaéwhelslucﬂr rnay

pol ypepti des s.the cas ned

o) hoe: o€ et St oeRERE Whthesst i BEmish REVER” AR et bences.
"Identjtyﬁnﬁﬁgﬁﬁhgﬁmkﬁﬂvaﬁrgﬁn&@ﬁﬁaﬁqE?gﬁ@@; mat ches between the snall er of
two or nore sequences with gap WD 2011/049758PCT/ US2010/ 051960 28

al i gnments (i f Aanyli-ad9H ea%@&@a&)é ﬁltﬂ?%é b{%é&?crdﬁ@&s*ﬁ%ﬁ’thb Cféi'loxﬂiﬁg%
conputer program (i.e., "algorithms"). term“simlarity” is used
in the artnbs Mhemgmmdtceted $1@llé;teed1dctst®drrb hamjthel follogntg msanings: Thdentity, "

"simlarit refers t SUrL, " h |ncl“u es 5 .bot h
denti oal P ERCL Rt REER, ot Poleiib sBIEHET R witt e HEsoRY { MR Ty pept i de
sequences dia¥fce hUn RXBHB) 6f thd Yredlnt ideEHtH0G Are BLHINBteRbh ab réiR@nd emai nder
are all non-conservative substitutions, then the percen entity and

si ni | B0 i t {nclusial butisse Rotlemierb4o, Epitans affieity andbspexifiep de.gt ﬁeﬁ-élumae GFe nore

pOSI tions e C a fit e ent
Pdent i 1y PERGH RutEEh o BlRe BRGNS, BUERH Hhe e RGN S B 20
Ther ef or etargdleCpsigpepaide r(@gt NeJreaqivityy; @liiESﬁzr\Xlﬁi $t¥lﬁh@Ltlif$thé: unkibodgsand the percent

simlarity between two p eptides wll be her than_ the percent
i dentity Wnt%@aemﬁbog cydibpily e Other Saon labkenbiptogicgh Bropries & ity of

rel ated “l%l?d ﬁdt&s‘%ﬁég:g | ncP@“ﬁJde?S eSS ﬁ?@he{)ﬁmrﬁl@%héyf&t %gl IS&gQY Known

net hods. are not limte escri bed
i n COMPUTAREGNAL, (ML EEUhARhBhBh GGMolddsasfkhe Mrddted polypeptitio 88, with fodred

Uni versity Pr.ess, . New Yor UTI NG | NF Tl CS PRQIECTS,
(Snith, DPWRFCINSf, tjssu@fgs@lera&wg&m/ﬁw B RICSQEONG ﬁpre&m@@w‘% (S8 s oF
SEQUENCE PATRmBalidn telld G irhd 'a!i'@reﬁleMlone@nﬂr géf'ti‘efs' & chhiSteri@RS - dJan $94,
Humana Press, New Jersey; von Heinje, ENCE 20 ANALYSI S | N MOLECULAR

Bl OLOGY, Q%WedAUaKmélwdeﬂ% al’t-SE@gEN@E tWhAlq\dSi &chmimgmut (ner libstkdvtp M and

De d P
Tobs o AR A v ELIS A 9Bt SE s Rah iRl E Rt S v gnt Tl O ca
SEQUENCE AbAaYiShtion Gaabs i @ge BRAMPBISDY,Y aldl Qﬁﬁnunehﬁfo%hérﬁﬁtry%hﬁdﬁssh@

determne identity are designed to give the | argest match
sections from different sources including human, primate, or any other source as the

oo

need may be. Particular activities and biological properties of anti-human NGF

human antibodies are described in further detail in the Examples below.

The term "isolated polynucleotide" as used herein shall mean a polynucleotide

25  of genomic, cDNA, or synthetic origin or some combination thereof, which by virtue
of its origin the isolated polynucleotide (1) is not associated with all or a portion of a
polynucleotide in which the isolated polynucleotide is found in nature, (2) is linked to

a polynucleotide to which it is not linked in nature, or (3) does not occur in nature as

part of a larger sequence.

30 The term “isolated protein” referred to herein means that a subject protein (1)
is free of at least some other proteins with which it would normally be found, (2) is
essentially free of other proteins from the same source, e.g., from the same species,

(3) is expressed by a cell from a different species, (4) has been separated from at least



25 between the sequences tested. Methods to determine identity are
described in publicly avail abl e conputer prograns. Preferred conputer

pr ogr am meolod4p38det ermi ne identity between two sequeRCeAIS2molosde) but
are not linmted to, the GCG program package, including GAP (Devereux et

al ., 1984, Nuc Acid. Re netics Conputer G ou Uni versity of
W sconsi n2bapdi0sicenfyof p%[%i;puﬁ% ligidRs P lb Byt tgpaisemotb% mateRigls with a
1990, J. Walch @'19lassoc%& ﬂlor”fatﬂrjeOXS) fghl?ot%sﬁg%ecp(@)g ENRIdr3 &qman\LaYetﬁva' | abl e

fromthe National Center for Biotechnology Inforrmation (NCBI) and ot her
sour ces ( Bitgxstiauhmatl pordbnssefhauprogdin alith Wh’@l 21 Tis 40T PERGT) US2B00A1081960 29
NCB/ NLM NI H Bet hesda, ND, 20894:. Al tschul a 1990, . supr.a). The

hol | mondtt B GO SPRER Bt gt pER TP ovelfih o7 oheralet R HBEEMMETh dent ¢y,
Certaifn apblgpepride veieh@ARS if RMnoRlabBBialtd ih\WRHAE 1Q7 P8 IHEALRNGERatiBy resul t
in matching of only a short region of the two sequences, and this small

al i gned r 8attopn Sokwgd pratasn gar He knesiicd dojronemiq @M iaQNAveRNAougHerhere i s

necor ol o ELPL AR o i P 09, RS SER R o
program W &,dbsfaﬁﬁallyf ficd feds ahroginyest pdlppéptisiparns oamerl @Aasmidihtc aldti gaous
am no acids of the target pol ypeptide. For exanp usi ng the conputer

al gori t hnfaund nGEAtaiwal epwpRsat dhafupoullo lrts?ﬁf%rwh yito iSRS ptie,
Madi sph, WY, nostt glll}){ &Qt{ g&_?cﬁ&rotyl\gw; )t he percent sequence identity is

to be det er% |gne or optimal “matching of their respective am no

aci ds (the " mk%h B8R i@, S TGN N BRI Iharo 8 821

enbodi ments, a gap openin °s" Cal ate ee-t1nes the

aver age dmg@e"raﬂ frowhze b@np(h%n’[ ey ﬁeg@raﬁétﬁgﬂ)lﬂﬁie A Soﬁthlﬁmanecfcagﬁm@ﬁtstolﬁe
di agonal of the 15 conparison matrix being used; the "diagonal" is the
score or Hunipdyrah COVHARECH o 2k8a MY dhat w% %@farem@h dﬂﬂgnpﬁ@ ®&rti cul ar

COMpar | SOMBLELXCADE feORRiBNF e ARYREARLE LrbLoholohisUahd Kugpe- L enth

of the gap ening p a conparisoh matri x’ such as PAMR50
or BL(BUI\/pﬁ)ZelameommdnompmwiljaaamSi sohuted. t In prh&rx&dgﬁfaoﬂhmntd nhe aatitbatn

enmbodi nents, ,a st d co trix off et al 20.1978,
Atlas of W%Ps.pﬁr@s‘g@ et séwe@ﬂ Ea@%&wﬁ detrempifhbyshe
conpar i sofoiRt hhethod MK@bkt fé?‘!lbly rﬁg[%zthaﬁ) rg30,, Uyat)vlelgﬁ%\'aél) t5¢d d

89: 10915- 10919 for the BL M 62 conparison matrix) 1s also used by the
al gor i t hnsufficient tolobtaeat East ISrmesduesenit™-termiysl paummalearrsmb@pldasepuﬂmpept i de

sequence gonpari.son.include the follo 25AI t m man, et al.
170, ROURE gy shinige 178 sna @, Gl 3o (ERRePRSl B SERF AL FEF Heni kot 1
et al20 18QRcingWRmhenrcddnPendlitions Lihﬁl rhe%@ﬁtﬂl‘uéa@tn@lréfé’rablﬂ' Jinrcesfagl. d of
Simlari t¥ 0 WD 2011/ 049758PCT/ US2010/ 051960 30

solated antibody includes the antibody in situ within recombinant cells since at least

one component of the antibody’s natural environment will not be present.

The terms "polypeptide” or “protein” means molecules having the sequence of

native proteins, that is, proteins produced by naturally-occurring and specifically non-

25  recombinant cells, or genectically-engineered or recombinant cells, and comprise
molecules having the amino acid sequence of the native protein, or molecules having
deletions from, additions to, and/or substitutions of one or more amino acids of the
native sequence. The terms “polypeptide” and “protein” specifically encompass anti-

NGF antibodies, or sequences that have deletions from, additions to, and/or

30  substitutions of one or more amino acid of an anti- NGF antibody.

The term "polypeptide fragment" refers to a polypeptide that has an amino-
terminal deletion, a carboxyl-terminal deletion, and/or an internal deletion. In certain

embodiments, fragments are at least 5 to about 500 amino acids long. It will be



The GAP program may be useful with the above paraneters. In certain

enbodi nents, the aforenentioned paraneters are the default paraneters for

pol ypept iweo 20omgars8sons (al ong with no penalty for end gapa)S2usiosyes he GAP
al gorithm The term "honol ogy” refers23to the degree of simlarity between

protein or 5 nucleic.acid.sequences. nol o informatiaon 1s useful for the
under st an@PRiEC g Uy retstait sﬁﬁ?ﬁaﬁ%s re)%megg _grﬁi%ﬁwfgﬁed’ i 6{5, Wudbette aci d
speci es. o9y o 250,08 0de56r 58018300%0@! drHHN SRR GRTRAL! PatiSQFHENCES.
Typically, to determ ne am no acid honology, a protein sequence iIs” conpared

]Eo a dat ab@flg lydentdn frpgroengs m@gf?qdemm.al mnb@mwisghhéh@a@rﬁh?e corm?n
i i it ' . i 0. . Ahi
Sl ar i BF Pt eyt NCh SRR SR L Rt R BRE G o b NN T a o

degr ees of CHRdgddi, tayvaablcd@dthdih Yof dORSVIQr [IPRAE GBSAS 4 Ip¥rtioAddfCat entlbdagk of

honol ogy. ~Several approaches can be used to conpare am no acids from
one sequeplsn pojughitnarigbicdsgion inphetinetvoseBRend tholiket er mi ne honol ogy.
General ly, the approaches 15 fall into two categories: (1) conparison of

physi cal char adhetdrst fspscifudbmdary pgengiicfors thangeq] cimdonVahirdenoadt s

vol ume, t ener at .Sjmlarit trix: and ( C arison of .likely
vobsr i ut TeRSBE E il Therlitdel TRelhb s ohegRh hi A TRR iR Rats s i on
is based gr phs@hM& k®MNrofeid¥BRYptRIO! Bidleis @ENBNEABoRydRAL NRANigDIIRgous
proteins and to generate a Point Accepted Mutation Matrix (PAM. 20The

per cell agecrsfin pribedimentspmgpegifdinding agent Issaneaatibgdsusi ng t he program needl e
(EMBCSS package) or stretcher (EMBOSS package) or the programalign X as a
nmodul e of the Veetam Npecifnitimlife agtht soNGET efgadk agpecifis ibmylinhegaef aul t

par anet er for .exanpl e, GAP pepal t GAP. openi n enalty 15, P
D el onthat hBpeifRTRb fusghl BROGL of NoFChin 2REHR] Rt R PG no aci ds
and 1 el 1 i al SGF R @l1b@ 60MYA! {0REEaNERORGESee | MVLNGLOGY- - A

SYNTHESI S, 2n dition, (E S. Golub an en, Eds.), Sinauer
Associ ates: SumpferdantinMinolbgRdiy MR ﬁﬁrﬁgncl};t‘?ﬁﬁﬂiﬂ R¥oh&ferasnggdf or any
pur pose. Stereolsoners (e.g., D-amno acids) of e twen%y conventi onal

an nolaci Herinumfatsutoak Eriypreptide i fdgensnt thascantging-at desstbbe iIGRRe @ athe no

aci ds, N-al kyl ino acids, |actigc acid, and other unconventional 30 am no
ol ds may P LB Y bR sy  poy pUprPHRSEGHTY nETCRVE | on.
Exanmpl es ghmyRcAoMERt frﬁ%‘tﬁéntadﬂ RO iREdnESn HOChMBRS oft HINAKOWY BE Ahiifk&. 1 -

car boxygl utamate, c-N, N, N-trinmethyllysine, c-N-acetyllysine,
0- phosphogsiérrag, coppodinggdte ohicl #0197 58P IgYNdShe 3pLO 8¢ hbigds to a receptor. In

these embodiments, binding of an immunologically functional immunoglobulin
20  fragment of the invention prevents binding of the ligand to its receptor, interrupting
the biological response resulting from ligand binding to the receptor. Preferably, an
immunologically functional immunoglobulin fragment of the invention binds

specifically to NGF. Most preferably, the fragment binds specifically to human NGF.

The term “naturally-occurring” as used herein and applied to an object refers

25  to the fact that the object can be found in nature. For example, a polypeptide or
polynucleotide sequence that is present in an organism (including viruses) that can be
isolated from a source in nature and that has not been intentionally modified by man

is naturally-occurring.

The term "operably linked" means that the components to which the term is
30  applied are in a relationship that allows them to carry out their inherent functions
under suitable conditions. For example, a control sequence "operably linked" to a

protein coding sequence is ligated thereto so that expression of the protein coding



acetyl serine, N-fornylnethionine, 3 -nethylhistidine, 5 -hydroxylysine,
a- Nmet hyl argi ni ne, and other simlar amno acids and imno acids (e.qg., 4-
hydr oxyprwbi2ng)o49158 t he pol ypepti de notati on used herei rCTiUSeO@®F96hand
direction is the amino termnal direciion and the right-hand direction is

the carboxyl -term nal 5directiop, in accardance with standard usage and
convent i opfduence is agpieygdypnder 8%%{1}?‘?1}5@“}1’@&{”&}@@ HgyrahscrERtpng FURY S ol asses

based on gRMRRR.SHfrchai N properties: 1) hydrophobic: norleucine (Nor),
Met, Ala, Val, Leu, Ile, Phe, Tip, Tyr, Pro; 102)pol ar hydrophilic : Arg,

Asn, Asp, dn, Hi Y. ", L i h G : | e, Leu,
Val, Pro; 4) aITlg% at i 881% rsg lheg %é‘s:miﬂi gelé%nl Ig%bér{%f}%dl@éﬁc}d%b?%?e chr?éut r al
hydr ophi | that cddysffecBexpresbivm, preessing ar;inttdt)lalar icelizafisp of Gding Fqubasksc: H s,
Lys, Arg; 8).residues that jpfluence chain orientation: y,,Pro; 9)

ar omati c: wlgl,cﬁflﬁy, areri}&é@ém@?@ BHE"C10)Sueh R éewa?eéﬁmﬁabcg@e@dmthen p, Tyr.
20Conser VRLd RoARMO0 1R EIRSIhEIHiMONS, BaYrol RVRIHEseRE BaRas s Mafrenber  of
one of these c%asses with anot her menber of the same cl ass. ‘Conservative
am no aci thehugsitrirompicongosepalénodng siss and tramsstiptien feymoetor sdqugne@nilmo aci d

o her s halitby P SRSl OB S IS TG o RE Pl A et
pept i dom pRindiss @BhpALIALTont BY ArpIRd1ifS of RYRIiRsh ARE F6MMBarRbrigtiinRcRe, d

noi eti es. ~ Non-conservative substitutions may involve the exchange of
a menber bRnsshption rchkaecic| sgBieRCehor transepintient  feroniaiont hisguericas s anguch

substi t ut [ intr C i eqi 0 w N nti body
that are ROMSTOYBUE iR RE, RN ARl MLl “HsfF sRlebS” RHTRRLEE ogous
regi ons ofcatiétaciminesddn@/or fusion partner sequences.

The term "polynucleotide" as referred to herein means single-stranded or
double-stranded nucleic acid polymers of at least 10 nucleotides in length. In certain

15 embodiments, the nucleotides comprising the polynucleotide can be ribonucleotides
or deoxyribonucleotides or a modified form of either type of nucleotide. Said
modifications include base modifications such as bromuridine, ribose modifications

such as arabinoside and 2’,3’-dideoxyribose and internucleotide linkage modifications

such as phosphorothioate, phosphorodithioate, phosphoroselenoate,

20  phosphorodiselenoate, phosphoroanilothioate, phoshoraniladate and
phosphoroamidate. The term "polynucleotide” specifically includes single and double

stranded forms of DNA.

The term "oligonucleotide" referred to herein includes naturally occurring, and

modified nucleotides linked together by naturally occurring, and/or non-naturally

25  occurring oligonucleotide linkages. Oligonucleotides are a polynucleotide subset
comprising members that are generally single-stranded and have a length of 200
nucleotides or fewer. In certain embodiments, oligonucleotides are 10 to 60
nucleotides in length. In certain embodiments, oligonucleotides are 12, 13, 14, 15, 16,

17, 18, 19, or 20 to 40 nucleotides in length. Oligonucleotides may be single stranded

30 or double stranded, e.g. for use in the construction of a genetic mutant.
Oligonucleotides of the invention may be sense or antisense oligonucleotides with

reference to a protein-coding sequence.



WO 2011/ 049758PCT/ US2010/ 051960 32 I n maki ng such changes, according
to certain enbodi nents, the hydropathic index of am no acids may be

consi der enl0 2BHAI9EAT NOo aci d has been assigned a hydr oparhirasSeod®xi9en t he
basis of its hydr ophobi city and chargé char acteristics. They are:

i sol eucine (+4 gg ajine (+4.2 Ieu (+3 S%ﬁ henIaI ni n .8); 5
cyst ei ne/ cysti RBce ferm Sl)atur t Y nrgem’(c S m¢ludgs RN bo@}‘c cofidfsi H (-0.4);
threonin erlf)onlﬁlealdess e Rrrh "'QloaDﬁedtIfu}éEBQma 'fhc(lucf%s Rheledt¥deR %lﬂlemé)dlﬁeé)
proline (-1.6); histidine (-3.2); glutamate (-3.5); glutamne (-3.5);

aspart at eo( S®s&tptedaxsgmagmm@n(iﬂ3e ke, le:stl:m”((hgbngqlﬁotai@dnﬁag%hurméuctes4 5).

Th t d t hi f
nter at VBRTgeBPaIOg: BHFEREncticEn ah appRsbeeiae undP S BB b 4he ar
(see, for E@%@H&b@eleﬂ@ﬁe@ pBbsphbrodist®B8atey) phd¥BhoroBhiRthiodte,/ pH&Rorkddddatd, t 1S

known that certain amno acids may be substituted for other am no acids

having a Bhetpheeamydttopad thalikndsse, grg- sedfenchndr at.i 1986 dugh HedsRawil ar
bi ol ogi cal,. @géf Vﬁt%:é’ et g{:e?@é&f N9 aé*}ge?rfdfo%sel%%% téll%ﬁl h?'gzréoﬁi%ﬁh?\%c ndex, in

certai n embodi rfien substitution anmrmo aci who f‘opa hi c
15i ndi ces aide Rukt l1613299|30n pchidiegd ], Mmzwht:ai Dr@@@ﬂgﬁrﬁ@lsw ztd'moaealt hat are

vmthlnlarelnclu in certain enb ose wthin 0.5 are
i ncl uded 1991, OLIQONQC&EQJ IQE§€@§P0%HA|W@HESaﬁtp%gin@fﬁ% %R}H%@ﬁpﬁ]tl on of
ik ty,
plartel cul a wﬂ(§8 gﬁt %ﬁgﬁgﬁﬁ&e?% gll%éﬁ%%%lggﬁlaepﬁ@%?fefn %aﬁ%gct)%o%ed It ﬁ:ar)éby

created | ¥ S Rae ke d, Fdrs ll(isUhlmanmmndrleyn@npb%OZGhmeM@Wss ,9_éé3,d1hsc| osed

her ei n. certain_.enmhodi ment s e greate cal avera hydr ophi I|C|ty
of 5 pr ot BIHOSUE GoTERHBATbpehe HIPUBAY bt B T aaaragnt

aci ds, copfiglRAbRStNM tEunl LificlLATUROQ&REEHIEY leﬁ;@ﬂ RNtdngBRI Geteksion - 6F » thEV' t h a
bi ol ogi cal property of the protein. The follow ng hydrophilicity values

have beenohgmiugltetde or hibeidanen thereati d 25 reS| dues: arginine (+3.0); lysine
(+3.0); aspartate (+3.0 1); glutamate (+3.0 1); serine (+0.3); asparagi ne
(+0. 2)3 gI ut arrifhe te{rﬁO”@ctorglimdlhdae o B)cleit hucabmioheule- Gipddl qfrtodﬂsp@ﬁ(lgO 5 1)

| ani - t di t t hi 3
3afiin Inge in%@r g 39 'ﬁ%'d?g 15 héaﬁys 'ned( bfeéyrgw %érﬁg'a( Péasgyd

phenyl aI anhn® fefds 29 aaE‘i?cutla[rYdIHu%W%arﬁieé BNA oBp TR REichhaRERhaP®3ed upon
simlar hydrophilicity values, in 30 certain enbodl ments, the substitution

of ani no segnuwmtanagéc lhgdlledvpthn(bth@l tiype vévm ianevinil vbdter, Mhicgeii additided, in
certain e dlrrent t hgs t n re included, and j,n certain
erbod menPIA st rints igebagpf e dilthom & P et psdhers oFho

2011/ %975&5’%&&2&&&%&%@ 13t e 1ned @didh BBy Bfd FBONuRHI(B0g. aﬁadﬂeraﬂequences

on the basis of hydrophilicity. These regions are al so referred to as
" epi t opi cVewrrs haghigon dacterlerdinrg apiiqsgonend apifesial mammalianayecteis forth

in Table ED‘thJa\pecForS;L (é gArHOrﬂ p/é%%n%l %?Qﬁﬁlhﬁa% Len Srs) can be integrated into the

genome of a host cell upon introduction into the host cell. and thereby are replicated
along with the host genome. Moreover, certain vectors are capable of directing the
25  expression of genes to which they are operatively linked. Such vectors are referred to
herein as "recombinant expression vectors" (or simply, "expression vectors"). In
general, expression vectors of utility in recombinant DNA techniques are often in the
form of plasmids. In the present specification, "plasmid" and "vector” may be used
interchangeably as the plasmid is the most commonly used form of vector. However,
30  the invention is intended to include such other forms of expression vectors, such as
viral vectors (e.g., replication defective retroviruses, adenoviruses and adeno-

associated viruses), which serve equivalent functions.



Origi nal Residues Exenplary Substitutions Preferred Substitutions Al

Leu, Ile Val Arg Lys, @dn, Asn Lys Asn An G n Asp Qu du Cys Ser,

A n Asn WO 2011/049758 PCT/US2010/051960
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30

The phrase "recombinant host cell” (or simply "host cell") includes a cell into
which a recombinant expression vector has been introduced. It will be understood by
those of skill in the art that such terms are intended to refer not only to the particular
subject cell but to the progeny of such a cell. Because certain modifications may
occur in succeeding generations due to either mutation or environmental influences,
such progeny may not, in fact, be identical to the parent cell. but are still included
within the scope of the term "host cell” as used herein. A wide variety of host
expression systems can be used to express the antibodies of the present invention
including bacterial, yeast, baculoviral and mammalian expression systems (as well as
phage display expression systems). An example of a suitable bacterial expression
vector is pUC19. To express an antibody recombinantly, a host cell is transfected with
one or more recombinant expression vectors carrying DNA fragments encoding the
immunoglobulin light and heavy chains of the antibody such that the light and heavy
chains are expressed in the host cell and, preferably, secreted into the medium in
which the host cells are cultured, from which medium the antibodies can be
recovered. Standard recombinant DNA methodologies are used to obtain antibody
heavy and light chain genes, incorporate these genes into recombinant expression
vectors and introduce the vectors into host cells, such as those described in Sambrook
et al., 2001, MOLECULAR CLONING, A LABORATORY MANUAL, Cold Spring
Harbor Laboratories, Ausubel, F.M. et al. (eds.) Current Protocols in Molecular
Biology, Greene Publishing Associates, (1989) and in U.S. Patent No. 4,816,397 to

Boss et al.

The term “host cell” is used to refer to a cell which has been transformed, or is
capable of being transformed with a nucleic acid sequence and then of expressing a
selected gene of interest. The term includes the progeny of the parent cell, whether or
not the progeny is identical in morphology or in genetic make-up to the original

parent, so long as the selected gene is present.

The term “transduction” is used to refer to the transfer of genes from one
bacterium to another, usually by a phage. “Transduction” also refers to the

acquisition and transfer of eukaryotic cellular sequences by retroviruses.

The term “transfection” is used to refer to the uptake of foreign or exogenous
DNA by a cell, and a cell has been “transfected” when the exogenous DNA has been

introduced inside the cell membrane. A number of transfection techniques are well

a Val,
Al a Ser
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known in the art and are disclosed herein. See, e.g., Graham et al., 1973, Virology
52:456; Sambrook et al., 2001, MOLECULAR CLONING, A LABORATORY
MANUAL, Cold Spring Harbor Laboratories; Davis et al., 1986, BASIC METHODS
IN MOLECULAR BIOLOGY, Elsevier; and Chu et al., 1981, Gene 13:197. Such
5  techniques can be used to introduce one or more exogenous DNA moicties into

suitable host cells.

The term “transformation” as used herein refers to a change in a cell’s genetic
characteristics, and a cell has been transformed when it has been modified to contain a
new DNA. For example, a cell is transformed where it is genetically modified from

10 its native state. Following transfection or transduction, the transforming DNA may
recombine with that of the cell by physically integrating into a chromosome of the
cell, or may be maintained transiently as an episomal clement without being
replicated, or may replicate independently as a plasmid. A cell is considered to have

been stably transformed when the DNA is replicated with the division of the cell.

15 The term “naturally occurring” or “native” when used in connection with
biological materials such as nucleic acid molecules, polypeptides, host cells, and the
like, refers to materials which are found in nature and are not manipulated by man.
Similarly, “non-naturally occurring” or “non-native” as used herein refers to a
material that is not found in nature or that has been structurally modified or

20  synthesized by man.

The term “antigen” refers to a molecule or a portion of a molecule capable of
being bound by a seclective binding agent, such as an antibody, and additionally
capable of being used in an animal to produce antibodies capable of binding to an

epitope of that antigen. An antigen may have one or more epitopes.

25 The term “identity,” as known in the art, refers to a relationship between the
sequences of two or more polypeptide molecules or two or more nucleic acid
molecules, as determined by comparing the sequences thereof. In the art, “identity”
also means the degree of sequence relatedness between nucleic acid molecules or
polypeptides, as the case may be, as determined by the match between strings of two

30  or more nucleotide or two or more amino acid sequences. “Identity” measures the

percent of identical matches between the smaller of two or more sequences with gap
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alignments (if any) addressed by a particular mathematical model or computer
program (i.e., “algorithms”).

The term “similarity” is used in the art with regard to a related concept, but in

2% ¢

contrast to “identity,” “similarity” refers to a measure of relatedness, which includes
5  Dboth identical matches and conservative substitution matches. If two polypeptide
sequences have, for example, 10/20 identical amino acids, and the remainder are all
non-conservative substitutions, then the percent identity and similarity would both be
50%. If in the same example, there are five more positions where there are
conservative substitutions, then the percent identity remains 50%, but the percent
10 similarity would be 75% (15/20). Therefore, in cases where there are conservative

substitutions, the percent similarity between two polypeptides will be higher than the

percent identity between those two polypeptides.

Identity and similarity of related nucleic acids and polypeptides can be readily
calculated by known methods. Such methods include, but are not limited to, those
15  described in COMPUTATIONAL MOLECULAR BIOLOGY, (Lesk, A.M., ed.),
1988, Oxford University Press, New York; BIOCOMPUTING: INFORMATICS
AND GENOME PROJECTS, (Smith, D.W., ed.), 1993, Academic Press, New York;
COMPUTER ANALYSIS OF SEQUENCE DATA, Part 1, (Griffin, A.M., and
Griffin, H.G., eds.), 1994, Humana Press, New Jersey; von Heinje, G., SEQUENCE
20 ANALYSIS IN MOLECULAR BIOLOGY, 1987, Academic Press; SEQUENCE
ANALYSIS PRIMER, (Gribskov, M. and Devereux, J., eds.), 1991, M. Stockton
Press, New York; Carillo et al., 1988, SIAM J. Applied Math., 48:1073; and Durbin et

al., 1998, BIOLOGICAL SEQUENCE ANALYSIS, Cambridge University Press.

Preferred methods to determine identity are designed to give the largest match

25  between the sequences tested. Methods to determine identity are described in
publicly available computer programs. Preferred computer program methods to
determine identity between two sequences include, but are not limited to, the GCG
program package, including GAP (Devereux et al., 1984, Nucl. Acid. Res., 12:387,
Genetics Computer Group, University of Wisconsin, Madison, WI), BLASTP,

30 BLASTN, and FASTA (Altschul et al., 1990, J. Mol. Biol., 215:403-410). The
BLASTX program is publicly available from the National Center for Biotechnology
Information (NCBI) and other sources (BLAST Manual, Altschul et al
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25 Algorithm: Needleman et al., 1970, J. Mol. Biol., 48:443-453;
Comparison matrix: BLOSUM 62 from Henikoff et al., 1992, supra;
Gap Penalty: 12
Gap Length Penalty: 4

Threshold of Similarity: 0



30 topol ogies. The recent growh of the protein structural database (PDB)
has provi ded enhanced predictability of secondary structure, including the
pot enti alwounten98 fol ds within a pol ypeptide' s or proP€ersSs019is1964 ur e.
See Holmet al., 1999, Nucl. Acid. Red. 27: 244 247 It has been suggested
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(for example, GAP penalty 5, GAP opening penalty 15, GAP extension penalty 6.6).

As used herein, the twenty conventional amino acids and their abbreviations

25  follow conventional usage. See IMMUNOLOGY--A SYNTHESIS, 2nd Edition, (E.
S. Golub and D. R. Gren, Eds.), Sinauer Associates: Sunderland, MA, 1991,
incorporated herein by reference for any purpose. Stereoisomers (e.g., D-amino acids)

of the twenty conventional amino acids; unnatural amino acids such as o-, O-
disubstituted amino acids, N-alkyl amino acids, lactic acid, and other unconventional

30 amino acids may also be suitable components for polypeptides of the invention.
Examples of unconventional amino acids include: 4-hydroxyproline, 7v-

carboxyglutamate, €-N,N,N-trimethyllysine, €-N-acetyllysine, O-phosphoserine, N-



51: 1-84; Ravetch and Bol |l and, 2001, Annu. Rev. |nmunol. 19: 275-90;
Shields et al., 2001, Journal of Biol. Chem 276: 6591-6604; Tell eman and
Junghans,woQ00y/o4pTsrunol ogy 100: 245-251; Medesan et al . pCTA32010MA61960 J.

| munol . 28: 2092-2100; all of which Hre incorporated herein by reference).
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| NTRODUCTI ON TO PROTEI N sauaCivsiepliilic: @rsafededhanen)Glimooze, eds.), 1991,
Gar |l and Publishing, New York, N.Y.; and Thornton et al., 1991, Nature

354: 105, each of whbrh aredicndep,fdnat ed 30herein by reference.

Pepti de anal ogs are commonly used in the pharmaceutical industry as
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or "peptidom neticsy) Segsie2Mhlin@dRIRGH JS3RQ404 51988, 37 Fauchere,
1986, Adv. Drug Res. 15:29; Veber & Freidinger, 1985, TINS p.392; and Evans

et al,. 1987, J. Mgy Chemma30: 1<% WChhlkbfqi ncorporated herein by
reference for any purpose. Such conpounds are often devel oped with the aid

of conputerized nnlzgflagoﬁggg%g@%Phaﬁpti ggfﬁggg%cs that are structurally

simlar to 5 therap ically us pept i e used to produce a
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pept i tes. FATAS Q4 aMminuirid B8HEEs ai ned pepti des conprising a consensus sequence
or a substantially identjcal consensus 15 sequence variation my be
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i nt ranol etstodtcedi iatd feigibas bf tldg@snavharaibody chat 26 hdreolpg@isi wigh nomvhtimbody” or
"anti body peptide(s)” &;fer to an intact a tiboqy, or a binding 20 fragnent
t her eof t AXtPOdEALIBY th Ren-heraologpuriiceiont Phibayalertispeci fic binding. In
certain enbodi nents, binding fragments are produced by reconbi nant DNA
techni ques. In additional enbodi nents, binding fragnents are produced by
enzymatic or chem cal cleavage of intact antibodies. Binding fragnents

i nclude, but are not limted to, F(ab), F(ab'), F(ab')2, Fv, and

si ngl e-chain anti bodi es. 25The term "heavy chai n" includes any

i mmunogl obul i n pol ypepti de having sufficient variable region sequence to
confer specificity for NG-. The term"light chain" includes any

B Y Y



sequence to confer specificity for NG-. A full-length heavy chain includes
a vari abl e region domain, VH and three constant regi on domains, CHL, CHZ2,
and CH3. wWbheoMW43G8domain is at the am no-term nus of tlneTmslzg/lpmpmmje, and
the CH3 domain is at the carboxyl-ter3i nus. The term "heavy chain", as used
herei n, enconpasse | engt h heavy chain and fra nts hereof A
full-1ength |i §htakirgi WCMEWL%%»S&C&OW&}% patain gmeAdigs " Hhe Rydrongiic

const ant [Rgl UF SRBI idsGhay WeK&onkiiBrdde arXcie BRidY acifPas been a551 ned a
2011/ 049758PCT/ US2010/ 05196% 38 the variable region domain of ? l'i ght

chai n i s hydropghimmide-arethaibasis obits hyxoploibypepniddbargthbataetermstidsi @HNGychm n",

d h ful]-l h li i f.
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F(ab')2 maheaidingne (H6).Fv regi on conprises the variable regions from both
the heavy and |ight chains, but |acks 10 the constant regions. Single-chain

anti bodi es ar eThy ifipbremdé 86 tﬂeﬂlybf%]&lﬁn& bR ifteANY iR ih coMferfil}@inferacaiit abl e
regi ons have been connected by ‘a flexible |linker to forma single

pol yptpt i belaghesl funciipn en afetem lanméﬁ’@ﬁogémn Bieradi (see f@g@xamplesﬂ%ﬁ & dhai n

anti bodi e SE I I t cation
bl i cat + St N BP0t 8 & Mounbfh b Cogin pRNETAcURINLF B 7D 0s
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antibody, in certain enbodinents, is understood to conprise binding sites
havi ng | dE#HN Catimalat Pipdesical aglvifr.i & mpking changgspbased sen Hy BEPIREHG bi ndi ng

and speci f %J;t n 9{ g#nl'%gdlfn%cri&sh‘%hé OYRAkBR: 0 1%Btdc98d%h§§ébl§]£a¢%a!ﬂﬁt'

inhibits a €sl on o to a receptor en an excess ant i body
reductks thehc@ﬂa:retwttlymaﬂ ik ughraldd baucutatrocmieeitptios, thyscahatlaeawtthabidutre 20%
40% 60% . 0/ 85% or _nore g(as nmeasured, inte allg %ts)lng an in vitro
conpetltlbné i dn&%@a’} mb lrnentSB o8 W {fhingfG: fRgn 1ds ody" is nmeant an
anti body nol ecule that is able to biock or substantiall y. reduce an effector

function of a {tdp gbsp uadersiged in Slevem that the sybsitrgtiomssf lccapiap ggidy cam be
"neutral i 21,89 eff%&‘i\leb;\'?ﬁ g@?}%ﬁ?%}‘ gﬁr@ﬂ%ﬁgb ﬁlcﬁglﬁgﬁéﬂa% Bl d@UB@L@ﬁ%' al l'y

reduci ng an ect or S reteptor I ng an itation
of a cel | Gilnatiomad gpowseor péptiﬁ@l:thefé&ula&taaadt isahteyidede arcest insimindrehapgchit 0 mean
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effector function ‘of the target antigen (e.qg.,
acids, correlates with its immunogenicity and antlgenlclty, ie., w1th a biological

property of the protein.

The following hydrophilicity values have been assigned to these amino acid

25  residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0 + 1); glutamate (+3.0 = 1);
serine (+0.3); asparagine (+0.2); glutamine (+0.2); glycine (0); threonine (-0.4);
proline (-0.5 £+ 1); alanine (-0.5); histidine (-0.5); cysteine (-1.0); methionine (-1.3);
valine (-1.5); leucine (-1.8); isoleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5) and
tryptophan (-3.4). In making changes based upon similar hydrophilicity values, in

30  certain embodiments, the substitution of amino acids whose hydrophilicity values are
within £2 is included, in certain embodiments, those that are within £1 are included,

and in certain embodiments, those within +0.5 are included. One may also identify
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other embodiments, the skilled artisan can identify residues and portions of the

molecules that are conserved among similar polypeptides. In further embodiments,

even arcas that may be important for biological activity or for structure may be

subject to conservative amino acid substitutions without destroying the biological

15

activity or without adversely affecting the polypeptide structure.

Additionally, one skilled in the art can review structure-function studies

identifying residues in similar polypeptides that are important for activity or structure.
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enhanced predictability of secondary structure, including the potential number of

folds within a polypeptide’s or protein’s structure. See Holm et al., 1999, Nucl. Acid.

Res. 27:244-247. 1t has been suggested (Brenner et al., 1997, Curr. Op. Struct. Biol.
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25  Cysteine variants may be useful when antibodies must be refolded into a biologically
active conformation such as after the isolation of insoluble inclusion bodies. Cysteine
variants generally have fewer cysteine residues than the native protein, and typically

have an even number to minimize interactions resulting from unpaired cysteines.

In additional embodiments, antibody variants can include antibodies

30  comprising a modified Fc fragment or a modified heavy chain constant region. An Fc
fragment, which stands for “fragment that crystallizes,” or a heavy chain constant
region can be modified by mutation to confer on an antibody altered binding

characteristics. See, for example, Burton and Woof, 1992, Advances in Immunology
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Peptide analogs are commonly used in the pharmaceutical industry as non-
peptide drugs with properties analogous to those of the template peptide. These types

of non-peptide compound are termed "peptide mimetics" or "peptidomimetics”. See
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gi ven. 25THersncef (drl anyhpurpescantidodompounde asx péicn aldveloped miithi the aihef

i munogeni ¢ _and.all ergic responses,intrinsic. to nouse or use-derivatized
VRbs, anaoBbdiinsyo RhOrE SRBRS *Ririoe B Sice RulRES §rafu R SERIP ot er oq
ant i bogli egerdpebidicallpuniul apdptidedings, BE UsBE tb HBMIde0R, sithh& efcRipRuticdp be used
in the treatnment of chronic and recurring pain, the treatnment thereof

requi ri ngbroppelactedctaet.i Geoasralid pieniidamigctienarc3guqthipdly seaidarge atnacagdism
q el o ‘o > Sy 0l
ot bod: 20PN AT RRHYP R Bl ToibchemiQU BRIPR] driprbffeotdiicay

non- acut ead¢tbAityRrsudhiab Guitianianiiio dyg badhee e lod atdre @R ptidohmagky opssally at ed

w th human anti-nmuse WO 2011/ 049758PCT/ US2010/ 051960 45 anti bodi es or

ot her pr elaPbssd Py delelrags salerisA -fram: HeaNEn 4l 3ro ¢ Be GrhomChbr{-Thiean

speci 5. € H1egy arh4c giReskl 1Sledinng, @efici ent
in rmﬁ(ze 31}1(% {rgg%e%?gﬁﬂﬁét iéorgav}\%t)?ﬁz I gr%eéplrzggﬁe tséogg%jﬁ& hur?gdrll1 l'g ?oci o)
t hat sucharmi Sestpmetiuadsttuliomaioandr hodi apsnd Acitihef abssocws séquenerseith

anti bodies. Large h nlg fra nts reserve.the.large vari abl e gene
i ver i ty 5 2T acEOT e o SERE ey P TGRS} ORe B A g
expr essi ORertdRY 2aRRheItN% Fé%ﬁeﬂ&?é“%ﬁor&%{a!bw P tRehi neLYqition, amtstBRdy
diversification and selection and the | ack of i mmunol ogical tolerance to

human pr opeitidss cdohwrisimgr o dwosasinurequcadet Phadyubsepsalipiidatical térssesuspuse

strai 10 vields hj.gh affinit ti bodi es agai nst,, an nt i of .interest,
ncl ulih ng HISENS ARALRRY todichera Rl P BRP GoERHAS P B O R G BAC peci 11
human MADb$999, t4unt Rey, desdiemd 6 888 ihédihbintcdaitrdie bpredtiaes fansy sebgetgd.

Transgeni c ani nal s (e.g,,.nlce) t hat are capabl e, upon inmrunization, of
pr oduci ngfox gvaiples bp eddwigriategal hvteine aeriduso dpradle af {aming svigawlesplar
endogenous: I, i Q. Rt ;on can be enpl oyed. Transfer of the
human gerﬁ?ﬁ?ﬁg%gﬁaﬁﬁgngﬁhﬁygﬂggﬁiaggray in such germline nmutant mce
wll result in,

h rpdugti.on ,of hu ~antibodi e pon, anti gen_.chal | enge
(see. o g, JakoBouRyS oL aitel e il Fot B2 Fag PROLER. \WBG!biide o5se.
(1993)0 Jakphem thercdf tidt- conRiddr Rith IR idd a3 dy (AP YpscifRy bagesmnnnet al .,
Year in Imun., 7:33 (1993); Nature 148: 1547-1553 )
certain embodiments, binding fragments are produced by recombinant DNA
techniques. In additional embodiments, binding fragments are produced by enzymatic
or chemical cleavage of intact antibodies. Binding fragments include, but are not

limited to, F(ab), F(ab'), F(ab'),, Fv, and single-chain antibodies.

25 The term “heavy chain” includes any immunoglobulin polypeptide having
sufficient variable region sequence to confer specificity for NGF. The term “light
chain” includes any immunoglobulin polypeptide having sufficient variable region
sequence to confer specificity for NGF. A full-length heavy chain includes a variable
region domain, Vy, and three constant region domains, Cyxl, Cy2, and Cy3. The Vg

30  domain is at the amino-terminus of the polypeptide, and the Cy3 domain is at the
carboxyl-terminus. The term “heavy chain”, as used herein, encompasses a full-
length heavy chain and fragments therecof. A full-length light chain includes a

variable region domain, Vi, and a constant region domain, Cy. Like the heavy chain,



20 (1994), Nature Biotechnol ogy 14:826 (1996); Goss, J. A, et al., Nature,
404: 995-999 (2000); and U.S. patents nos. 5,877,397, 5,874,299, 5,814, 318,
5, 789, 650y020 397489, 5, 661, 016, 5,633,425, 5,625,126, PCIAS2888519%and

5, 545, 806 (each of mhich i's incorporaied herein by reference inits

entirety for all ose Hyman ti bodi es can al so be rodu i n phage
di spl ay” | ir bl é%@é%ogn@ Wiitefhainy 15 ] the samgpgpmiings ol 8q (1992) ;
Marks et 8hlyp echrdeWhe t@i‘n?l“h ht%%gtn!’3 éls ﬁs%g%@e)in chBSmpRSEN ﬁHﬁ%n%tL h Ggke et al.

and Boerner 8t al . are al so-avail for the preparation of man
monocl onakhamiand @Idgelsm(s (ﬂ@¢reofet Adl (ab) Mgimnt onedmpmted nddingdighh dhd@anodr

Th L d B t al. . J .|
1a7(0F o 88 bt erileo BB el Snerbbar B Riyvartugt L SEhRct ed to
in vityo mMilRURN@RLS Bfn GQisul MEPorRwAR aiBthert KRARS geahcfnélecruw UREalh 'y

sequences is used, in vivo somatic nutagenesis) and, thus, the am no acid
sequences flagmemecoptaing ana/lighte ghasm eind fonehecare chaipi thaheoniming verir «f the e

sequences f ) U
20117 040 7<HRL (i BrBEELEE Skt 8B CRRRBGRMAGN A TR RnatCuinsag o
nat ur al | ybend &in W fdiimed thbevdeurran traty bidys gefonti mE(abepatotlwutee The ¥ivo.

In certain enbodi nents, the skilled artisan can use constant glons from

speci es oFISM GaRRTIRY trvearbis gesipRhirpme oty thsrhcpwy pugh| %htrcé‘@ﬁnéanl(”é agky such
m ce 5p1.0 I I I r
Struc%greﬁk(gMggﬁg$%?§$1ghﬁ%%S???ﬁ%ﬁgp&@%gﬁ?hé¥¥ﬁ%%5%afQﬂﬁ@?gbtyp|calIy
conpri se and ﬁghtacmatn viraable mgejmstlmfe doar cénnpttedlblyya flsxiblenpdsedo édrnt wo

|dent|cal rs y ins, 10 ea havi ng_on f |.I -1 ength

ot - R peSprRde Ry R cOHOY dEurHET B SrodbousnEs kbR and one
full-l engﬁlﬂlbolaf‘e@\é)’e dGORSE {f YoRhi€ hﬁferﬁé’t‘i/dn@gPé’teﬁ'ﬂ)AﬁﬂwaﬁBn Pﬁbl%ftloﬁ)chﬂbOUt
50-70 kDa). The am no-term nal portion of each t and heavy chain

t ypi cal | y WQEB{Ode49 and/EIS. QbﬂeetNesgﬂ&%&ﬂSadeﬁt%Qth o 110 or nore am no
acids that typically is responsible for antigen recognition. The

car boky- t er m nal bipdettiantibedy @hatthdiba (’:ﬂnalt'rspetqﬁﬁ)d”oml”hyﬂtdfaﬁétttmal"amdbmgt, ant

regi on responsi.ble for effector, function. ht. c plcally
el assi 11 ol ASTHR STPOdHBET S HdeTife tongBr o Biag cﬁ%??ﬂ? 9&5? ally
classifi egnt?g%n{@,bpegghtt}a gamm, al pha, or epsil on and define the

anti body's isotype as 1gM 1gD, 1gG I1gA and IgE, respectively. 1gG has

several subcl a I , and
| g&4. 1 gM has g%ﬁ %Slnfkgssfeﬂso ? IF(H%% afl s %%cg%r%@ﬂ ({Clgﬁlm'%%? 5 11119%011 4

IgA is si aﬁtit&ﬁbr)subsﬂuma\]/lydeh[bmhdhesmhodfaashgemdi tocd tedeptgy wlham an@ixcéss roif t ed to
| gAl ht and heav ai ns t he

d | hin full-len lig typically,
variabf e 31%&’0886 gt the SYpRHY Ogilgal}dob etwcap%éxa Y byl 20 %q, mor e
ani no aci ggs,, Wob ) 4598 Heavye g\ﬁafn@as%k&p ih#df | g ﬂﬁng dnegi %%ooéorﬁ%ﬁ‘ﬁ% 10 nore
am no acids. See, e.d., FUNDAMENTAL d ed., (Paul,

W, ed.), bmgagzwﬁaven Press, N.Y. (|ncorporated by reference inits
entirety for all purposes). The variable regions of each |ight/heavy chain
pair typicalIyB@Ohmnhﬂen@nmhga%fhhndhmgws&t@o¢ﬁhmkmakh&hﬁeawegbbh&k
typically exhibit ane ge eral .structyre of relativel onser yed

fr amewor koF & Séﬁ?ea@ L]Cs.éwe wort ﬂanétéowgér%ﬁetéml%m By 1A cal | ed
30 coppl eK%E'&ﬁfdng get: Eédﬂ?aﬂklﬂg” r §01-ROF OhtiboNs - 1sTBéba@f3R°off 'b%kin@e ok Wo

chai ns of
substantially reducing an effector function, such as receptor binding and/or elicitation

of a cellular response, of NGF. “Substantially reduce” is intended to mean at least
about 60%, preferably at least about 70%, more preferably at least about 75%, even
more preferably at least about 80%, still more preferably at least about 85%, most
30  preferably at least about 90% reduction of an effector function of the target antigen

(e.g., human NGF).



each pair typically are aligned by the framework regions, which nmay enable
binding to a specific epitope. FromNtermnal to Ctermnal, both |ight
and heavywohaiw4934® 2011/ 049758PCT/ US2010/ 051960 47 var iPablus201095 1966
typically conprise the domains FR1L, CGBRl, FR2, CDR2, FR3, CDR3 and FR4. The
assi gnnment of 1 no acjds tq each domain is typically in accqordance with
the definiti oniﬂ%)fte%baetplt%%u_ Sof P EHERbT DYHENE! BoPUHPORAE or est
(1987 andqd@@dinaliatd ARl oflspadifit an%ﬁlg‘% AA&RIhog BBLALBHT.celfedeptd! 1PNOt i a &
5Lesk, 1987, J. Mbt. Biol. 196:901-917; Chothia et al., 1989, Nature

342: 878- 868taiBi sipbedificntsorepBopeindetéronadntAnincluddi eeemically  aitibe spabicti ¢ or

bi functional antibody typically is an artificial hybrid antibody having two
di 11 er ent SHURIS QRIHR IS AT ARANTR AT Wity Yoty BOSRPOY| WGy °Li tes. 10
Bi specs fi gulfityl BRAIPSSarddYn Rertsih Qe &Y, anMAhiRE YpcbifficnBidRafimchdichaudi ng,

but not limted to, fusion of hybridomas or |inking of F(ab') fragments.
See, e. g. StrSoigk icharpetprigtics.aaiein apection ghargp j dharagiepisti¢spmyib epitar®: 1s335- 321;
Kostelny et .al. 992. J. ] 48: - 155 r i

Aot bod, efeid of el Bfeel TSy i Sifbod? S APl SEBRAHERR, B ner
These ant wixthdidess gaid tbeppuifichiigesindd yiniJeper Batn anprefdrdntfally Iredoghgeh ithNGF or
fragments thereqof The antibodies of the_ invention can be pol ycl onal or
nmonocl onafirgdRaeRn e cerlee BHEIhRIMIoteHs g sdacremolssdese r ngyelssé di nent s,

ant i bogli e . i .90 i 1 $a0r exanpl e,
By 1 i SR B A A R o e
(see, for dexaigsioa,cohsthetrinat 1M, nRat entferAblyl what ihorequibibbiiimcdisjooiativd

93/ 12227). . They enent af i det erm ni ng regi ons (! 10 t he
ae oSty VORd oo ar bl PRt Besp e P toRaa o thodtcs o he
invention can be grafted to 25 framework regions (FRs) fromthe sane, or
anot her, speci 4. antipogye indsn“espppdiallydhg same KeitepRsasor refeeence gntibediai n and

heavy chalj i i . L i Y . d
Consensus eirany R el Sccahi Al b oA RS BRI,
heavy1X¥hamwstowideiygided cindirapid matbodacbod dsteguieimgeshah@ tadoi apnibaditobindent i fy a

consensus. am.no acid.sequence. -The FRs of the anti-NG- antibody heavy chain
or 30 i gH@nEng% %?%Ca@g CEPPEINBY SRIPRCS: HE FRRPIHBH ASHPf Wé‘ﬂ“g’nga%gavy chai n

or light ehaidired3Rr £l AThB AifiSchifolfts iROEitHb S 3RAVMNBB of (2884 Chai ns
of anti-NG- antibody typically are not replaced, while the rest of the FR

am no aci dsitodyp. bEswalyl duedntiRar s i P02 04 37 S8RETUSRD 1ty @BI@G®T48 ami no

acids are ific.am.no acids that .are |j iti.ons in which they are not
el 1y £ BURG, ol bl e BlngRecnt BoPRTAshBOT e m Mot c T bod es
of thgyi ny@{maicgvegmz?@em@‘wm a constant region that is different from
the constant region of anti-NG- anti body. Alternatively, the grafted

variabl e regi ofge &R RBEM" B usRd HeRM & denote a chemical compound, a mixture of

chemical compounds, a biological macromolecule, or an extract made from biological

materials.

As used herein, the terms "label" or "labeled" refers to incorporation of a

25  detectable marker, e.g., by incorporation of a radiolabeled amino acid or attachment to
a polypeptide of biotin moieties that can be detected by labeled avidin (e.g.,
streptavidin preferably comprising a detectable marker such as a fluorescent marker, a
chemiluminescent marker or an enzymatic activity that can be detected by optical or
colorimetric methods). In certain embodiments, the label can also be therapeutic.

30  Various methods of labeling polypeptides and glycoproteins are known in the art and
may be used advantageously in the methods disclosed herein. Examples of labels for
polypeptides include, but are not limited to, the following: radioisotopes or

radionuclides (e.g., *H, Yc, PN, *S, %Y, Pm1¢, M, 1, 1B 1I), fluorescent labels



5 chain Fv antibody. CDR grafting is described, e.g., in US. Patent Nos.

6, 180, 370, 5,693,762, 5,693,761, 5,585,089, and 5,530,101, which are hereby
i ncor por aveaoti4pBer ence for any purpose. Ant i bo@CeaISed10t05E60
invention are preferably prepared usi4idg transgenic mce that have a

substantial postion .of.the human antjbod roduci ng. | gcus inserfed in 10
ant | body-?ﬁ%d OHGCRB| Isethieypipde rﬁrcéhbcgné‘oﬁﬂ@fnearoé fagRee E@@Pﬁ@g)p ed to be
defi ci ent o P AYEdINGe. 8N IRALPRID: PéFHJEi'd_Q&’, AR RS - 1ySShsdT B 1AL ©
capabl e of produci ng human i mrunogl obul i n nof ecul es and anti bodi es and do
not pr odupkosphatpsed.doimibuisessenti labtly, haptienc bdckinmghtas wotinmhrgroeps, and
innunoglobulip nnlﬁcufest%gd qntibodies. lgchnolqgies utilkzed for

achi evi ngPTAPSTPESE PP IYRFRC; BEPBLLTISNLHPT sy ERYEY 1FOLShIG €altERE, and

r ef er encesipdéisgdiosgtercds, tnelisP Siedsf b fcbAdurP @h@bdlics! MeRl BindingedbreRQdi ment s,
t he skilled worker may enpl oy nethods as disclosed in International Patent
Appl i cat i BhCIP9DE taesd.-i Bneexigin eyb@RmemgdabelypictitarkedHst wggeri ates (pehas ed by
et e ence tah, AN PHLRRST 20788 LR ISR (ShucBbonend A gl R cConet | o

;
15:146- 1 ,ﬁﬁhlc I's here I ncor por erence for any purpose.
20The nonocl on ntifodi es (mAbs),, of the invention can.be produced by a
Var ety of 1 echHF GBS CiF RERHUTREE oy bl BHAY: MSHOErHAr ok FBGH) B

net hodol ogiy q@andity of 4SutsitA0 &osh $ AYHR ltﬁingqirlfom&ry Nig@tiien Seahmvidpe of
Kohl er and MIstein (1975, Nature 256:495). Although somatic cel

hybri H zathiegs ipelode dut et net npied fierhuamns, micpr inprkqyb aatsorabbits, taad ifictues f or
pr oduci ng ?HQ cl gnal | . es,can e g ir roncogeni c
transforn%IIOﬁLo u€;$%ﬂ%ﬁ%§3%§%4q urQ%]¥ﬁ2&%%§ﬂ8f$§§dh%?%%iusfégg#%for

pr epar i ngofpyhs, itdQrB.sbons, Bdhe niltesE lyrpbhodtenadakaduct i on in the nouse is
very well established, and immnization protocols and techniques for

i sol ation of i THYRrEEHHIRhARIGI %?etfthr dfr&?" ANuRE Redh kefkiRQ¥N dRNfiRE art.
Fusion partners (e.g., nurine nyeloma cells) and fusion procedures 30 are
al so knowrempaADd2 SPORGTEBPEAYAE201 OMdBIR6E dpsired; shasencutie redfiect Want he
rmusel§ ys}aﬁomerl-rhaed%nqnlts{e?ras goe N %atri%n?.e’ Thg f & 1%%910% ¢ rlllgll:rgallc% t‘fflcsall Hgfl}j&: 1ve m ce,
contain a’hira |nnunojfobull gene m hi TOCUS T hdt “encodes anearranged
human heawyo(it” amdefygenddth 4 @hdrngléutiabtdmpasirionognoliisingnomesiue phesity t oget her
with targeted nutations that inactivate the endogenous p and Ic chain | oci
5 (Lonber §f e agfibodignofitheNgyeitien 36 sadmgoad tp meap @seiringl tg the Heepliate exhi bi t
reduced e 1.0 | 0.4 j;zation, the
I

swi t chi ngtlerpdtisarahsiderdittht damedse ilgthn ae@sitevityi thteskbdlf itmettyrnhlstmmli g&Eh| ¢

nmonoc| onal anti bodi es (Lonberg et al., supra.; Lonberg.and Huszar, 1995,
| nt er#(? Rayetu Bl S.GH%QY%%%POM& 1ﬁ§5§ﬁ@pﬁ@ﬁ etpdﬁatﬂ?sa@@@}n BGAHAY N, v,
Acad. Sci g ,{&4s.536-546). The preparation of HuMab mice is described in

detail in Taylor et al., 1992, Nucleic Acids Res. 20:6287-6295; Chen et

| ., 1993, Intargyatli | | X - A FSETR . 4, J.
?nnunol. 152?2 53?%%@ ?11%ﬁgggghggM%F?gé%Sg%?“ﬁ&?ﬂ?ék%gﬁsg§§?§?8%%ﬁonberg,
1994, Handeomkscat i@eptio@héﬂ@@rbgyd 1‘?];&1d4190nmdre ubay lierceingahbly Hb®G4,
o 99 s 0 TEaed St SR of A i T T
764: 536- 5ﬂ1@1ud:1:1|igst}(l}¥§&év\gait§(ﬂog"ikabc h3®Bns Nﬁ{cw&ecﬁws@ﬁ%mﬁalﬁaﬁél fAnB4RoRRE, the

contents of a are ﬁereby i ncorporated by reference in their
entirety. irSpestier.t her U. S. Patent Nos. 5,545, 806; 5,569, 825; 5,625, 126;

5, 633, 425; 5,789, 650; 5,877,397; 5,661, 016; 5,814, 318; 5,874,299; and 20
5,770,429; all The tanBergNGRandddated adisemk? asd U SIGHRPakéiatedNoconBitlwh3, 807 to

Surani et al.; Internatiqnal Patent. Application Publication S.
93/ 1227, ﬁlap@mpg'lﬁﬁe%wafécag&?n%%?r P19y FoeAHd i |1P%rﬁ%9&d%a@gor95é\ﬁ\g3, 1992;
and WO 9269%%&%@%9&&13%%% Nﬁﬁﬁcﬁl%ing}%%%ot_tlﬁﬁt&ﬂ BChQRUP&R, @ntd!JairdT Whi ch

are hereby 1 ncorporate y referencein their entirety. Alternatively, the
HCo7, 3HCo p@n feomal triihmg,rsans cpd pia ), phicacsitig fism 25 pdegioniob abisdess, thsalgeanpl es
bel ow can ,be ysed to,.generat.e human anii- NG= anti bodi es. : The present
i nvent | ondgT% MBS iR o REET BA ARG S b ot S (S Caliglians FE%%r and
neutral i Zghapinfid Ghinv§naHmed) INBetcROARABR] iBSine AbRScRyO%ndRInA("ATBRLY), body
heavy and |ight chai'n am no acid sequences which aré highly specific for
and neutralize NG- pol ypepti des when they are bound to them This high
specificity 30 enabl es the anti-human NGF hurman anti bodi es, and human
nmonocl onal anti bodi es



with like specificity, to be effective immunotherapy for NGF associ at ed

di seases. WO 2011/ 049758PCT/ US2010/ 051960 50 In one aspect, the

i nvent i orwprou/dessi sol at ed human anti bodi es conpri si ngPat/uUse@swsvnae of the
am no aci d sequences shown in SEQ ID#MOS: 10, 12, 14, 16, 18, 20, 22, 24,

and 79-130 that binds NGF pol ypeptide epitope with high affinity and has
the capaclty™ amgrﬁqsegﬁﬁ%@m@@%gh 5&%%&%5% fev?tepr'%ﬁ@cgw Pixghese
anti bodi eg,RlaPdhdt REn-IATILT syERIRGAL abhdod NRaSATE, SRhAAIP§nBin Mo D4

ant i body provi ded herein. In preferred enbodi ments, the isol ated

human ant attloatise shimatict dishi@es,p bipypepsteatathwitis h idlagirsgoni avvoh dsondstsant ( KD)

of 1 x 10-9 or less and inhibits NGF induced suryival in an in vitro
et a1 2 B0 By D Sufhman h s o R o e

pr ef ers edpRABGAHIIRMNS, psbiiid, Sioh bl AmERAthantlihediots chhpsheh, Maburn,

10pol ypeptide with a oll) ssoci ation constant (KD) of 1 x 10-10 Mor |ess and

i nhi bi ts Nefitisndderawtisior vinyeditis,n ngnrifi \dollagem eviesenlar z dtscengs.asdugnio t h an

| G50 of 1. - or. ). e prefer [ t, Lhe
| sol at ed e ShutRaR PRSI0 AN SRS
di ssoci at hidsdydo)sieardpa(ti®)paii ahdxaskOeidtkd Miyperdlgssn and alffdiybial slidekici nduced

survival in an jn vitro assay with an IC50 of .1 x 10-9 Mor 15 |ess.
Exanpl es B¢urapathy hp#in Maalgi@natyapathosisailDe s meHginge epaiph edegffeicairiia i oned

bi ndi a al i I QR:cliitf efia. a oyt d ejn. : nost

pr ef e?(?edE%l1r%1|t?(:’::d-‘l %n%éﬁlﬁ%%z%ﬁﬁ%{ﬁi :ﬂé\%sﬁ%o%aﬁn%ﬁ ﬁe&%rﬁg%glﬁ{tl ihr?{/peerslt P or 1| $
referred tistuneaneedn ofisviddodal amdtihiys atVicespivdtosfl ganlitppemry.dgasmintesimes oas shown
in SEQID NO. 12 and SEQ ID NO 10, respectively. The _.pol.ypucl eotide
sequence PeUHEBFNE: CHEIYE BHEVAISECAN S CRbr P SEE-NBIHL. and SEQ
ID NO 9, o LRRREHNEH¥ordTRE cBR@DYabir®SulBdrafidle RBHENaD YIRS, NaBo IR

anti bodi es of the present invention are specifically disclosed in the

Exanpl es. alagici ibinitay, loy bnartchbl disosderhalybingrordford,ndytsperfsor ghiGocpaibpgeght i de and
hi gh fsapaci to agﬁﬁﬁoni ze Nr .?Pol ypeptide activity denonstrated herein.
25The Ui s SOMF RIS HBRAPARBTRS of *an anti - human NGE human anti body can be

determ ned by surfa . asmon respnance as geperal ]y described. in Exanple
9. Generally, éarqsaﬁle%l%stﬁgﬁews&%l%ﬁw ang rgisiagﬁné%e;j%ne@gcarl afT35U¥E bi ndi ng
i nteracti gRgyhetwRenudiopnd réfcfRaeat Qa%hi&@:opglﬁhﬁﬁﬁédegﬁcdl ’U&Hﬂioki'tiéﬁd on a

bi osensor matrix) and analyte (antibodies in solution) by surface plasnon
r esonancecomprising one or more anti-human NGF human antibody refers to an amount or

dosage sufficient to produce a desired result (i.e., where for therapy with the vehicle-
20 or anti-human NGF human antibodies of the present invention the desired result is the
desired reduction in inflammation and/or pain, for example) or to support an
observable decrease in the level of one or more biological activities of NGF. More
specifically, a therapeutically effective amount is an amount of the anti-human NGF
human antibody(ies) sufficient to inhibit, for some period of time, one or more of the
25  clinically defined pathological processes associated with the condition at issue, e.g.,
inflammation or pain, in a subject treated in vivo with the agent. In the present
invention, an “effective amount” of an anti-NGF antibody may prevent, stop, control,
or reduce the perception of pain associated with any painful medical condition. In the
methods of the present invention, the term “control” and grammatical variants thereof,
30  arc used to refer to the prevention, partial or complete inhibition, reduction, delay or
slowing down of an unwanted event, e.g., pain. The effective amount may vary
depending on the specific vehicle- or anti-human NGF human antibody(ies) selected,

and is also dependent on a variety of factors and conditions related to the subject to be



30 (SPR) using the Bl Acore system (Pharmaci a Bi osensor, Piscataway, NJ).
Surface plasnon analysis can al so be perforned by imobilizing the anal yte
(anti bodiwe 20n/@9ts8osensor nmatri x) and presenting the | ipgand2quoaesoabi nant V
in solution). The WD 2011/049758PCT/42S2010/ 051960 51 di ssoci ati on const ant

(KD) of an anti-human NGF .anti bgody can al so, be determ ned by using

Ki nExA netrﬁ%a%%g@?e FcRE A, di ?F@ﬁteéararlet Heb? NGRIRET 8h 204HBMER i bodi es
bi nd to NJGHhfaR AR&yRSI NeRNbARRKMNEERIEHY i}0- BclraBknlls i2 Me The term
"1 (D', as used herein, i's intended to refer to the dissociation constant of
a 5parti cuicwht and ihbalty ofitite prsreni as evclcasi dose Egponpcrposegndtoxidity gatesent

i nvention KD was detgerm.ned gs shown. in Exa e 9, . | referred
enbodi menP AR BNt St Bamg TR du B R B Ped pamsidheedh B 51 g,

or 119G i aPby Bshtadiiehanh AR YollstinirAN bhO ARSI Bestdn 4 REridtgGB pies@lining. More
preferably, the antibodies are of the IgGl isotype. Mst preferably, the 10
ant i bodi e&? gfre spidigste apspepsychdrayasecters @s gptake, ha i dasat oxicithiectantltpodi es of
t he i nvent] - 0 heel - I SOty d

enboct ment€Cap TR R bt ol gt e eaki®Rly SRHBEunp B EREEC) g
chai n andagenhiswagi] Wittdn, the higGR, oflthés3, skidled g ¢ aiteavy chai n. Expressi on of

anti bodi es of the invention conprising an 1gGlL or an Ig& heavy chain

const ant regi oRsiugedR&EMl BRAcint tReVLREXARLRT” Bel ONGF' Brddd@tinkg ub an
enbodi ments, the variable regions of the antibodies are ligated to a

const &ht megineiaptshegicy plamativRscgunnse MNGF. riaglhding freqomtneant daman NGP 1- | gG3,

or g4 i?ﬂ}%R§Wn|9hF§ﬁ ?bqﬂgggodinents, the anti bodi es of the invention
have been cl'oned for ef%re55|bn'in manmal i an cells. In certain enbodi nents,

ti difigafi ta th chai. .20 1ight,chai f
ot CNGE anti badi eal BRG0P RIGABY frod 1 PERERUADY g GREBR o
nucl eot i dgshpdinld orRhedCBaeRlthe PlioRHanPRCRS phavhtNdef BRG heRAbasANE

RS
chemical characteristics simlar to those of ghe anti-NGF anti bodi es
di scl osedishepesi sbundantaban prg othes itskvidmali specipb i fhicceomingsiionh {mectainct i onal
and/ or. chem cal aracieristics of t .- NGF_ant | | es e acconpl i shed
by sel bt o dmsTiy  EbEHEy g Aklobe s DlRRHhER TR My 356ETT, anc
| i ght chataapiideatat abtf bous 5@ peroetaoh laymblar bisiy)rofelifragdro@blcb@anipcitk ng ( a)
the structure of the nol ecul ar backbone in the area of the substitution,
for exanpPEscis Ihctapembpdimentis casubsEafid bniite spmMpesion WHl eaaptiye negic
hydr ophobigi t Neg sl I it ot ' | k of the
o de.cnai finiaboRCahC SR 6, 352 o 9074, & AmBdrbiaPlpckil bt feny
i nvol ve ac@Qpssitist i [hutitan cofbodinmatd, e spatinoisaurificd astdergiahvhdtogeneonnat i ve
resid sech that there is litt]e or .ng effect.on the golaritg or. charge of

the ani nolQEIHPUY SRS IHAC 58I BAIC FARRREICRIPLONHYIORZ J5REUPRS due i n
the pol ypaRiHodS) Wh¥rel 8R BfinSdiRRhi LdHRE Wstdiafl as @@ing&?mg%nﬁ@&ﬂlar

previously described for "alanine scanni ng nutagenesis.
SpECiICs.

The term “patient” includes human and animal subjects.

“Treatment” or “treat” refers to both therapeutic treatment and prophylactic or
25  preventative measures. Those in need of treatment include those already with the
disorder as well as those prone to have the disorder or those in which the disorder is to

be prevented.

Unless otherwise required by context, singular terms shall include pluralities

and plural terms shall include the singular.

30 According to certain embodiments of the invention, antibodies directed to
NGF may be used to treat neuropathic and inflammatory pain and NGF-mediated

diseases, including but not limited to, those mentioned above.



WO 2011/ 049758PCT/ US2010/ 051960 52 Desired am no acid substitutions
(whet her conservative or non-conservative) can be determ ned by those
skill ed iwothea/@p1s8at the time such substitutions are desirrsdoiolonisert ai n
enbodi nents, am no acid substitutionstican be used to identify inportant

residues of anti-NGF antihody, or to incre or decrease the affjnity of
the anti-NGF 5i{hﬁ94@&éﬁ?¢é§f HEabisBion fopardod Ty humgn rflt)nq@mgmﬂ%ﬁeﬂw, i nor
changes i pi@n AKMP 2A¢ I HvREINERER 2P HED iR udBlogldaPBpecditdiyt R Mbifding to
substitution of one, a fewor even several amno acids may |ead To an
allelic fbwmofNGhe lr hapithal aspedt i nnvdritioh prasidssubstlant hafdd goindasing cal
properties. .Therefore, in ad(ﬁjition to the anti bogi eﬁ S ecifhc%lrlg.descri bed
herein, ofRAFOUFS “SUBISEARTFATG ATMABI IYDISIURRDT FBaley K HENT saffry

desi gned ansufcobamt woksults] Iph#ichRrlyagdqasscel %@@‘g@d&r@ﬁig \NAhd eahmbigues wel |
known to those skilled in the art. In general, nodifications of the genes

may be re&siqns thereefnplartitidar dpybodinments el faisofspegs lof thenvigntica dhigyerces such as

ite-di . i S. -1 s t, i t | at
“var; ant - CorerAER0 et L et B EREC COMEN AT R U
simlar chdractherughtGBR3 tof thdlecaaintand Nght dhaimg prandddindihe snvitheh. oRegtt her ei n

(See, for exanple, WO 00/56772, all of which is hereby incorporated herein
by ref er eAher apperd thayipvenfion pmdes, Bybrigoma eqlls-andcglines thaf exgesnte to an

anti - MaecTy jiho [ - hi ndi -]&gﬂg e (i) in
whi chNﬁe?hypeor%g%Raab éle?%lg%ﬁ@%%1&$%@%%%&g¥ q?%e esaovf_i/%_?:hai n or
t he 20 hypeewton. afhe inegitionsalCDRbyidEDRRglogitel YCBRB imunhgidathtpucifiadn t aken
as a whol e are .at | east. 88%@ homal ogous, preferably at |east 90% honol ogous,
more prof BFERAYORY of dRlPOdsYs R UgoueneoRRYBURY 4P aR @ PELERs. ag
shown in BEGh Rol¥dRial dd in%ﬁun&@?ceﬁ%p@d’iﬁé%@ok BirldA2 to HamagQGANd 24,
respectively, and (ii) wherein the variant or nutant is capabl e of

inhibiting the t vkt Vi O t 2 S|na: erence
ot CNGE Durran Thg Aot fopclofte A, Ao BEFATE.ER! BlllaPloft 7P vERLST S
nmol ecld e Xtifioradi chasmbsomean(Yah€s)- ME- tduimaodent thbmdinte ahé andusei gdrmhiave | i ght
and/ or heavog,. hai n CDRs, when taken is. .V\/no+e that ;are at | east about 80%
am no aci BrYEEI 4R GEVIHRETONY §PPIRRlr e w@wggt & HUCtionid sPMBRBEL Rl K

identity, gt oﬁ%aelpfrﬁéﬁl’ea%a{ RlwdIEASEendfhtiaP QUL AP RIS PHeRRRnI HEALd Y, yet
nore preferably at l'east about 91% sequence identity, yet nore preferably

at | east Hbhoharmogdotbe gtibrationi devch ttgchnglegy rfor sulptiafion alfl powse lbeawith about
93% sequence ,i denti t t more preferably.at |east about ,94% sequence

Caont sy, Wit iR kP g Higieh by i et Riinaeh che KRR Ve wo
2011/ 9497 bBR&A b2 PrbALES HAARg ddvelopment, their communication with other systems,

and their involvement in disease induction and progression.

An important practical application of such a strategy is the "humanization” of
the mouse humoral immune system. Introduction of human immunoglobulin (Ig) loci
into mice in which the endogenous Ig genes have been inactivated offers the

25  opportunity to study mechanisms underlying programmed expression and assembly of
antibodies as well as their role in B-cell development. Furthermore, such a strategy

provides a source for production of fully human monoclonal antibodies (MAbs).

The term “human antibody” includes antibodies having variable and constant

regions substantially corresponding to human germline immunoglobulin sequences.

30 In certain embodiments, human antibodies are produced in non-human mammals,
including, but not limited to, rodents, such as mice and rats, and lagomorphs, such as
rabbits. In certain embodiments, human antibodies are produced in hybridoma cells.

In certain embodiments, human antibodies are produced recombinantly.



nore preferably at | east about 96% sequence identity, yet nore preferably
at | east about 97% sequence identity, yet nore preferably at |east about
98% sequewmoeoildentsBty, yet nore preferably at | east aborCTASWI1aNG60 aci d
sequence identity to the ami no acid sBquence as shown in SEQ I D NCS: 14,

18, and 22 and/or SEQ.|ID - 516, 20, and 24, respectively. . Mor e
preferabl y, gnlfﬁﬁﬁ?mmﬁcm'\%?ﬁtgﬁ% Fﬁ%@cw b ARRRY InelagRs atiopgise Raha n
variabl e LROboedNGRrd AL lrdRdbrIOhRd hhAkoRBhaf mkARS! RGRAUNAQE am no

aci d sequence identity, yet nore preferably at |east about 81% sequence
identity yetmpleoriecipdefaatibddiys axptesssit usibgut BROMbmgue gsRrebdeNtvictipr yet
nore preferabhl t | east abgut 10 .83% se ce identit yet .nore.

or et ef abil Jravedeblne Foty WToaubpgll AORITRRS ! Gabbirtpe Sty a

| east abopimB® UnsRsyEmSary, danbddiys isyRtcd"R6M 4 ehigfadlpd ¥, at mbeagtithabiout 86%
sequence identity, yet nore preferably at |east about 87% sequence

i dentity, trgesgentsfer pmesnapupinpglobulie gencsdtrs pie- Sbolerehddnear/i Heak Hells yet
nore prefer ) 0 9%, 4 [ Lty erably
2t 1 east Ao A TR B L RRERF BPAGE, SRRl pt o PR Blct “antue
91% sequebngemeaenihat Myvolyes sptiaig of Rfredmadhyiuddgldtrdiatecad oetucBEXots egieence
identity, yet nore preferably at | east about 93% sequence identity, yet
nore pref E’?f%|89q1§p0¢8ea§twkabe&embm% Segae feEboden bavey varjabic art gopsidt er abl y
at | egst A% EE GEnlAERt AL 1dRIE ferably at |east about
9696sgzue%%gﬂ%é%nfgfygﬂggt m re pf%’é?a ?yﬁﬁf F%&%t&%bout 20 97% sequence
identity, yet p r.abl t S ut , 98% uenpce i tit yet
nor e preferablgﬁé{nlé@%{d%%oﬁ%ﬁbétﬁgﬁ#H%R%C%%W%g;gggggpflg&g%%$’€édthe

am no aci chigreuantods BhowinhomdEQHHYNCS: 12, 80, 82, 84, 86, 88, 89, 90,
or 91 and/or a heavy chain variable region, when taken as a whole, that has
at | east about | YR%uadH RO cFEiter SRAUEDBE AcldB8RSdy ¥ hubhgf @bkl iteict bagst about
75% sequence identity, yet nore 25 preferably at |east about 80% sequence
i dentity, wbttherother pares efr thphyman imgnee sapout(c 81 Hesteqyubadergpidestis imgreyet |
nore pgef bly_af_ | east abou 2% se nce. i i\t re preferably
o bt SlBttyshy (RTRIN R ) SRRt BRIt 8 AbedPieBiE 20w
84% sequebdRrilirdgtitodiyity pedCapt e preferably at | east about 85% sequence
identity, yet nore preferably at |east about 86% sequence identity, yet
nore 30 preferapkie RimaEaahuad el SHoROMRNE EodniRNhk thimaneintiFBAE as
preferably at |east about 88% sequence identity, yet nore preferably at

| east abotfreigoensle theeaders thelenitbiody respenscragrimsipiueh en abbsicdantibody sheiddut 90%
sequence |denti et more preferably gt |east.ahout 91% sequence

danti vy, Pyatontot S CRLEEN o of Bl o T BhREL e Sl R R

2011/ 95497 bighfefic WB2ELy: 051960 54 identity, yet nore preferably at | east
about 93% sequence identity, yet nore preferably at |east about 94%
sequence i dent B} MjccVf nd DN £ftBoaRs Har! bdeBdSHorRRAW ha RS hSICHRE NCHe
identity, yet nore preferably at |east about 96% sequence identity, yet
mor e pr ef buaph irgulatiem snuchbsherten Tvans thguksiE bfei o humpy antibedipor dnjseted er abl y
at | east about ..08% se nce i 1 et..more.preferably at | east about
3996 am notuBia Bt S GG GSFUN KuolFinoREEid Sqhiiuly FeelfBEn hSeo
| D NOS:  18um&d antfhddie8tallo®in@dmaller and lefs fréquidnddiéses tdbd gib&f ence to a

pol ynucl eotide is intended to refer to an nucleic acid nolecul e having at
| easty@bout 75%hAUGHIS RuBsh SnBRANENSE A HeREHIth YniMintibe thelithmalogBiielagat i de
sequence of the present invention. Ordinarily, a polynucleotide variant

wi | | havealigrgicetesponaiyo ittrifgoote odusk coramiousesdayivehiossl M iang , tonthersby
preferably at |east .about 80% nucl ei¢c acjd sequence, i denti et _nore

b o or abl J1ebs B erBBBY: «Bh b e o B S BERERGEAEN: | iy Yrefior e
pref er abl yntaodicg astt tha hwsnti8R %hbié€dre] €andbd dseRUBB Geeatrd@tdft hroni€tandor €
preferably at |east about 83% nucleic acid sequence 15 identity, yet nore
pr ef er abl JeCHENNZe A3, Ao Gicagupny fhercel Ecaqging §@@a@ﬁc@t1b@ém4dmyms%}étﬂomr e

pr ef exabl - v, el ¢ aei - [ LY. re

Pt ot e ol §E% opEREicBRe Rl B Clri- Q6o BMEDGEn: S s DT S

pr ef er abl yntéfodies@asd fudilydivimad A g behdmatitcred &6 paienes indemin-dcyite yeiinefor e
preferably gt | east . about 88% nucl ei ¢ aci.d sequence .identity, .yet nore

pr ef er abl Yhe Migheizing, ersggﬁﬁoaﬁmse@@lwﬂmsw%afﬁé\ﬁ@ehwa%tapflwwét mor e
preferably at |east about 90% nucl eic acid sequence identity, yet nore
preferably at |east about 91% nucleic acid sequence identity, yet nore
preferably at |east about 92% nucl eic acid sequence identity, yet nore
preferably at |east about 93% nucl eic acid sequence identity, yet nore
preferably at |east about 94% nucl eic acid sequence identity, yet nore
preferably at |east about 25 95%nucleic acid sequence identity, yet nore

o, o, I ~Nr~N 7



heavy chain variable region, a light chain variable region, a CDRl, CDR2,

or CDR3 region that has a percentage of identity to a heavy chain variable
regi on, awbi2gtiro4gtsai n WO 2011/ 049758PCT/ US2010/ 051960 S5®Crarsc@blos1segi on, a
CDR1, CDR2, or CDR3 region of the inw#ntion, as shown in Exanple 10 herein
and Fi gures.5-10. In cerfai nboqjﬂegts, the invention provides an

i sol at ed AR leéﬂwﬁﬁapretvwlys%ém aanrtylly prggan ARRAdicEERRR ROFARTER and
conprisesgachgavy chain and a light 5 chain, wherein the heavy chain
conprises a heavy chain variable region conprising an am no acid sequence

that is: at le v 5% J.dent i Ay 9. acl s set
forth in SEQ IoTREF LY GEt LACRIARL picst N AT AL n R ARER A
f unct i onapradoeaiomoglithblatdenfrigragnent thddumah ;Igalbcl smshiat A08h nBiO4pr&@bRe or 95%

honol ogous to the am no acid sequence as set forth in SEQ |D_NO 81, or an
ant i geﬁ- BRR ARSIy gl eiﬂ??ﬁﬂm|0§grp%smm§aﬁi}a-i £ bt by FaBmFTt

fragment thergoferal ieeagk Ja@%bles%gge ARGsitPlas WA hdaft hi6alr fBufafi§n &M no aci d
sequence as“set forth im SEQ ID NO 83, or an antigen-binding or an

i mmunol oghatdiody piedvetipoaed cxpressroog | By exploitihg dgarentse dedinbofmaghinkea®r 75%
80% or 85%. dent.ical. to the, am no acid seguence as set .forth in SEQ I D NO
55, or antioRgaiv GREarY B Srer Rt a5 BRI rimeiosisa thkrdne 5

i munogl oRghbm phétaiabeMe &?@Hﬁ@é‘d Rémare a8tibod§O%pert§ité iPthe80%ddentkig! to the
am no acid sequence as set forth in SEQ ID NO 87, or an antigen-binding or

an i miuinobisfischighyaffiary t 4nsibadics mgamelgkapntiger o4 gtonest.t mehdate dumpeast 56%
i denti cal eramn [of ) A | . 7 or an
anti gen- b?llﬁ?ﬁehg‘ (y;% ma%ﬁﬂn%’i?ﬁ%?%% ﬁ%%ﬁ&f%?‘lu%{g{%%%g%m?%ﬁrﬂlﬁ%% u%\ligv)rllthftr%ggnent

t her eof 2Q¢dircd 8pdoitidityaridpbl p@diced dnigclcere@nt i on provi des an isol ated human
anti body that specifically binds nerve growmh factor and conprises a heavy

chain and a | i ghinsGdhd Mni1ET@ieN @) |thahhreC BiableC QipBA | Btfurdzdtioahtorchai n
vari abl e region cogprl sing an am no acid sequence that is: at |east 70%
75% 80% Pwdugog 4 delticpetoireo of Humzam Adfibedicad Bedirenbisnes of eqndpeendsi n SEQ

I D 12. or an.antigen-bindin r an. 25 i nol-ogical | v functional
byt bR P I RABRAR, Bh 8 @ugved, CTARREGIC Mol bl SRRTR: |

am no aci thsefsgonginagesetarfa@r ioh sich Sefhllie NutaB0, mize adll abulgen-daendi ng or
an i mmunol ogi cal Iy functional i munogl obulin fragment thereof at |east 70%
74% 90% Pwdugiom plgHpar antikodios Hpon mpHechehadlcrgq (fepces adalkobpvifoett i n SEQ

10 0, SRR NP, A Aindipaspecst | aTunalg sebLy. hupskl gpeke0.
t he 258, (1993; Bruggemann et al., Year in Immun., 7:33 (1993); Nature 148:1547-1553
20 (1994), Nature Biotechnology 14:826 (1996); Gross, J.A., et al., Nature, 404:995-999
(2000); and U.S. patents nos. 5,877,397, 5,874,299, 5,814,318, 5,789,650, 5,770,429,
5,661,016, 5,633,425, 5,625,126, 5,569,825, and 5,545,806 (ecach of which is
incorporated herein by reference in its entirety for all purposes)). Human antibodies
can also be produced in phage display libraries (Hoogenboom and Winter, J. Mol.
25 Biol,, 227:381 (1992); Marks et al., J. Mol. Biol., 222:581 (1991)). The techniques of
Cole et al. and Boerner et al. are also available for the preparation of human
monoclonal antibodies (Cole et al., Monoclonal Antibodies and Cancer Therap, Alan

R. Liss, p. 77 (1985) and Boerner et al., J. Immunol., 147(1):86-95 (1991)).

Recombinant human antibodies may also be subjected to in vitro mutagenesis
30  (or, when an animal transgenic for human Ig sequences is used, in vivo somatic
mutagenesis) and, thus, the amino acid sequences of the VH and VL regions of the

recombinant antibodies are sequences that, while derived from those related to human



am no acid sequence as set forth in SEQ ID NO 89, or an antigen-binding or
an i mmunol ogi cal ly functional imunoglobulin fragnment thereof at |east 70%
85% 90%wonop4Reisdenti cal to the am no acid sequence a®CIaAIS2610/051966 n SEQ

ID NO 90, or WD 2011/ 049758PCT/ US20#0/ 051960 56 an anti gen-bi nding or an

i mmunol ogi cal | y functional inmunogl obulin fragnent. thereof; at |egst 70%
85%  90% ESEUACY a8 Vi P oBas. 1Y (e narally ST aviLue iRsr B 0dY or ¢ |
SEQ | D NOyefhine@Epcadird® 1,g6Nn- bi nding or an i munol ogi cal Iy functional

i rmunogl| o%ul in fragnent thereof; at |least 70% 80% 90% 95% or 96%

| dentical to 5pfRe g é?x?oo%lﬁh%@?%eﬁ%?e A%l ¢ r‘IPruEQ cbﬂstéﬁqbegﬁnw orff2, Or an
anti gen-bi nding or an 1 munol odgi cal Iy functional 1 nmmnoglo in ¥ragnent

t her eof ; sfcciceasiicr #08 hB8h%h a®dY wilbthe B&¥an eari@d&a¢gler(t) masuchanicheoam no
aci d ;equence as .set. forth.in SEQID NO 84, or an antigen-binding or an

i muno? ogPRAPFS CHBAES PRI unogl obul i n fragment thereof; or at | east
70% 85% 90% 95% 98% or 99% identical to the 10 am no acid sequence as
set forth in SEQID NGO 86, or an antigen-binding or an i munol ogically
functional imunogl obulin fragment thereof In certain other

enbodi nenNatunalE Qoeuering dmtibody Stastune i sol at ed human anti body t hat
specifically binds nerve growh factor and conpri ses a human heavy chain
CDR1, wherei n Naardlgavycuchag antidioRky staucamalamitsotypcally segpesce tetramer. s at

| east 15 40% or 60%ident.iai |. to the a 'no.d%ci.d seguepnce as .aet forth in
SEQ | D NOFAGESIChERTanST RDical s Cappgier oo Krtic Pides b RBHASshaiRh. an

ant i gem- bendi Rg 1 i odeMHIN LGS ¥hdik (G hicRAMEhayingTH AR QR W ot g ment

t her eof I n ot her enbodinents, the invention provides an isol ated

human ant klyodyS tkad anperd fulldangth "héavets clvan (tepigalimhdyiige molecakid weightr i ses a

human heay hai g?lﬁﬁ, 20.,wherei n t he heay. cainj:Dﬁ%i an am no acid
sequence P%gﬁoﬁéb- é%s'?r h‘/““o%/%““§' %mIB?I Bozf%/}ox?c?gneta!d& = Sniﬁlga\gm% " aci d
sequence agicay heulid 4 RaiiR kEXidOof ABoutor00ad arY b eibr®ianthdgcigs tiai

i mrunol ogi cal Iy functional imunoglobulin fragment thereof; at |east 70% or

76% i dent hdadally ¢s xonponathle for gatigensiseRmniéan. aEhes@rbaxgriemming roE@n ¢f ®ch 106, or
an anti gen:.bi ndi: 0 i ogl eal kon I | 0 i n. 25
Fragmine Pilh S0y PlorRlts W TURRORIRR datpdnbfe KA TRIAGRE MU 22, o
forth in BEQ dBINNGre fpicatly chassidiod iag&appa adi lagmbas light ¢hHansn degly chhiny
functional immunogl obulin fragnment thereof; at |east 70%identical to the
am no aci 8¢sbiieHy eclasifigd: a5 Mt.ndsliR. SeoyMp Aphea, 1%7?p%lpnaﬁnfgrﬁqﬁ§@r¢hﬁi ndi ng

or an i ' i | 1l 0 [ nt e @r at
eant 7om R e A R e R Fortn
in SEQ : Dzwlll(a_lasae%sljncdudiwg; lﬁmtﬂog?imibddnuﬁ, dg(l};b; Igﬁ%alshg@?ﬁggggfi?lo ISLgl\iggrzust7 i onal

i mun o] n fragnment thereof. :

wher ofth ¢ RIS T QUGRE SN A6 JBite! KediulcadiRuR. (g8 aaBA COgOReE  sove

i denti cal i@ stdtfasad¥ iRAuABL I I 2BHBRGR] a5 1881 2h@NEAR | WViBERAIPINGL 118, or an
anti gen-bi ndi ng or an i nmmunol ogi cally functional i mmunogl obul rn fragment

t her eof ; and heaxvyt cliedeg, tyA804llyg06 variabdomind epnstad|regions ke mmiadobyei 'd" sequence

as set forth in.SEQ LD NO. 95 .or 5 .an anti gen-bi ndi ng or . Ty

rmanol ogl ek §F IR ¢ Sharos mminbaPgRo TR e ig P e fine 1 2R3, 7504

80% or 98%iddeibbaal0 ferd diginaAtide. 864, d.¢SEFIIeDAIRSTAIIMMUNOLOGSEQ | D NO

119, or an anti?en-binding or an innunologicaII%Vfunctional i_ nmunaogl obul i n
fr

fragneht Hhefeof cdatPauba¥t crBod 9 oBaver Posye deknraaprated bhefascadlaci d
sequence gg eﬁﬁtteu; o4t ) 'pﬂrp%';ég)l D arfd e re%ﬁon%nofa&tch Q?QPF[/B&M' Q8P Bai‘}‘m

typically form the antigen-binding site.

The variable regions typically exhibit the same general structure of relatively

conserved framework regions (FR) joined by three hypervariable regions, also called

30  complementarity determining regions or CDRs. The CDRs from the two chains of
each pair typically are aligned by the framework regions, which may enable binding

to a specific epitope. From N-terminal to C-terminal, both light and heavy chain



10 i mmunol ogi cal ly functional inmunoglobulin fragnment thereof; at |east 80%
identical to the am no acid sequence as set forth in SEQ ID NO 125, or an
ant i gen- bwoaongp4erssan i nmunol ogi cal |y functi onal i munogCohiskén/ofragment

t hereof ; at Ieast 75% 80% or 90% idéntical to the am no acid sequence as

set forth in QI.D NO .2 or an antigen-bindin ' | Qgical ly
functi onal? ﬁ%@@?%w 411‘/r%?§ffﬁ9élf§'€ h é‘&?ﬁnsg %qoé]a%ggbgg 3‘8%

| dent i cal cpR3 g RO TAE! AiBRAMANGaAMoSRia! & Lot BoER hOyMRuIgQF, o an
antigen-binding or an inmmnologically functional imunoglob u in Tragnment

t hereof ; e¢coadanteagth hoodadmitBOYodfdesitat Satjudnges b Peoteing cdddininwwipgicnte as set

Lo RS bt Fros R A5 B P8 et SO A4 L o
the i nyenLig) 1980V SRS . 19@HGE-907; ltHBRa 81k, hogy, Nhate apaTRIgsgal |y bi nds
nerve growth factor and conprises a human |ight chain CDR2, wherein the

CDR2 is an am no acid sequence that is: at |least 70% or 85% identical to
the ami no acid sequence as set forth in SEQ ID NGO 102, or an

anti gen- bhﬁﬁ%%;@&#gﬂﬁﬂ%%@@é |y functional imunoglobulin fragnent

t her eof ; east ti %0 the am no acid sequence as set forth

| mmanogl obul | n V0RO REEERa<? afe 8 Pl MARLER! FRaduhitRi, e o

sequence Bsvisetwb Aiffrchth&RQ dh@ni)‘l%ht IcA@in MMirsadhdafid @ETer&it rt;indiﬁg @ftean
i mmunol ogi cal % functional 1 munogl obulin fragnent thereof; | east 70%
]

i dent 1&al Bispe¢iHe aatibedicnniay beepiigdned s aserictyopk ﬁlethfpdseelwbnmutl% or an
t - | | |
fragment [RupLRe0SeRpe AATHOS RGR L UIEHAOR, STLDNTORMT L ence

as set fo&t ﬂLactnmSﬁQ 1|9910,N01m1mp dnmanolandi gés-30i ndionglngr eranl.| iAol ogi cal |y
functional i mmun obuI in fragnent thereof; at |east 70% or 85%i denti cal
to the anf ’Wﬁ“%lh&s ehoé- as set forth in SEQ WO
2011/ 049758PCT/ USZOlO/ 051960 58 ID NO 129, or an antigen-binding or an
i mrunol ogi cal l'y functional inmunoglobulin fragment thereof; at |east 70%
identical to the am no acid sequence as set forth in SEQ ID NO 20, or an
ant i gén- bPnepiargtion obAntihpdies| ogi cal |y functional i nmmunogl obulin fragnent
t hereof; at |least 70% or 85%identical to the amno acid

The invention provides antibodies that bind to human NGF. These antibodies

can be produced by immunization with full-length NGF or fragments thereof. The
antibodies of the invention can be polyclonal or monoclonal, and/or may be
recombinant antibodies. In preferred embodiments, antibodies of the invention are
20  human antibodies prepared, for example, by immunization of transgenic animals
capable of producing human antibodies (see, for example, International Patent

Application, Publication W0 93/12227).

The complementarity determining regions (CDRs) of the light chain and heavy

chain variable regions of anti- NGF antibodies of the invention can be grafted to

25  framework regions (FRs) from the same, or another, species. In certain embodiments,
the CDRs of the light chain and heavy chain variable regions of anti-NGF antibody

may be grafted to consensus human FRs. To create consensus human FRs, FRs from
several human heavy chain or light chain amino acid sequences are aligned to identify

a consensus amino acid sequence. The FRs of the anti-NGF antibody heavy chain or

30  light chain can be replaced with the FRs from a different heavy chain or light chain.
Rare amino acids in the FRs of the heavy and light chains of anti-NGF antibody

typically are not replaced, while the rest of the FR amino acids can be replaced. Rare



5 sequence as set forth in SEQ ID NO 108, or an antigen-binding or an

i munol ogi cal ly functional inmunoglobulin fragnent thereof; at |east 70%

i denti calwbaotimgomai no aci d sequence as set forth in SE@CTSkNIN/N0IBE) or an
anti gen-bi nding or an i nmunol ogi cal | y8f uncti onal imunogl obulin fragnment

t hereof; or. at | .east 70% r 85%|dgt| cal to the am. no ame uence as set
forth in 3889 &' reﬂB?“E?ra%Hml@Cl thaf e b7 AP g Hediotal Iy
functi Ona{lsdaﬂmﬂgi bk, nTEé gﬁ@f%&'tvaﬁﬂ% ons frorn ahfl }@Gﬁ%htlﬁ‘éﬂi!@sdétﬂfﬁ@t s, the

i nvention provides an isol ated human anti that specifically binds nerve
growt h f aotventiemehndenped seth aacdmamweglogrthatahdlffer@mm thiseoe$tanttrb@oCDR3 i s
an anm no e .t hat east 70%0 85‘V identical.to the am no
2ei " sequantt NOHERE Rt ekl R nelodrabl e FR A Shelg Cor an
15 i mainotgh ¢ dn¥ibbd ¢ ODR 3laflimgTN@@Lebdl ey fihagsephtchhRbe o, 188870, east 70%
or 85%identical to the am no acid sequence as set forth in SEQID NO 97,

or an ant 5@8?»,762,n369ﬁg7@1r 283, 0 el ogtWal U1y whighc picoraebyi mepimetteshby i n
f ragnent t Iregé)e . (0% or 78% identical to the am no acid sequence
as set for fgfz%gy 121 or an antigen-binding or an inmmnol ogically

ot o to%%)g pot t@f‘Eﬂr@ﬁﬁ%féﬁ%paﬁ&erB%fF%uflﬂg Zeientict 1% or an

anti gen- bhidi Agsitadiiall PoMDAl 801tk Huhah UBGtHoaP aprot AT A8b R MskRed iRgnment
thereof; at |least 70%or 78% identical to the anmino acid seﬁuence as set

fort hl® n sebodpp@iucigrelly pf the raine.iaged thasiarfurfeiomemeciogriahe Melienliny
f unct | t 709 o tical
to e anPig TG BRALG, HRARCSBhEbIRECP e PR PR b ' o

ant i gen- bhielim gmatundglobutin i @il adrdy arftibadics cindl dd woUpaguebdt iploducagnent
thereof; at |east 70% or 85% i dentical to the am no acid sequence as set

forth in Syaptalhoreduoyl ampuniy ohAUrGE ATBIURARINEUIE matequipmane 1 BEPedrs. y
functi onag ogl QfyLd f% a&ﬂﬁ&, n#I g F%uhoﬁrelg%%fosg@(yﬁl' %tﬂ @k to the

am no aci sequ nce as set fort or an antigen- Bi ndi ng
or 301an hppticatdsgiand| teferburest disradedi nmﬂmog]b@hﬁﬂatmnfheagnenﬂntmefeﬁeﬁ or at

| t 85% i t | to.t d SEQ | D NO
15 or  aFEATSER: BTG P T ATIPOGTAIh g AT O A P RHIEN obul | n
fragment phenefhpliddRor PLbiO4RAEE W@&@@i@ﬁ%ﬁ@p 155196reb incorPdgatSegyences of

the 4D4 anti body heavy chain and Iight chain variable reg| ons are shown in

SEQ | D NO8:fertfccafod ahg, pumpec‘ieewésloyMeHMEe&teﬂl,, 198y Nofir¢ Kengrits et | 46+

CDR- cont agé\? si.dues re anenatgl% 0- substitution by other am no acids and
ot ard; W%fﬁﬁgf%

still aII Iy eEs Hﬁnctoapqr 8 PYPPPSity for the antigen.
Li kew se, many of the fr resi S, not in cont ctvmththeCDRsm
the hehvy and |?@reoneﬁ§mﬁls &ﬂ%gﬁé %atbvseml%%% s 3Pdugs Y 4ci ds
fromthe 98‘1&?%Pfé@ﬁ‘th&@es?%luﬂh%‘%%n@é&f&n@ltrﬂgﬁoclwgnt%ﬁ&%%#h&f%log‘?/ eQU man
consensus amno acids, or from other nouse antibodi es; w thout”significant

| oss of tHe sthiidand tspmetic meH- hybmdnmgeni te¢hnyqusf of Fe hhon e Mltstdmmc(yWSSel ection
f i | t L 1 d t d 10 . f
the ai sol el 2360 RerARRoey Srad,FRY prsidiafion PhSHEGs FhareREA Tar yi ng

combi nat i gAsciplk, 8fhkl RdchMiqusPes progidiNg MRBCloRMUARBBRICS ichd bee@hflopdd,

manuf acture, and ot her desirable properties. In alternative
embodifrent.€, viak arswepgenioranskematioe at Bdrmpheeyirs. expressed in cel | |ines
ot her than hybridoma cell lines. In these enbodi nents, sequences encodi ng

15 particul ar é?htimfﬁrl@sl eaimabesysed foor prepansf diybadorom of the smiousthl e
manmal i anﬁgg cel | or dlf?}g to these enbOI? h sf ormati.on can be
nan oved HEPRICEhPRdsR PEE Pt FSaNer GBI AU ET SRR o a host
cel I, inchrddag atfdotrecl‘ﬁiiglm'f@r po@cdﬁ@ﬁldirgmhhﬁnmls}swséﬁ@ fodGudibn arevives (or
into a vi raI vect or ransduci ng a host cell with the virus (or vector)
or by trakedvwets tba aﬁtr dusign mesnwn o, Myringaygtama egdlspandsfosiopiprededdrepy U. S.

Pat. Nos. 4,399 216, 4,912,040, 4,740, 461, and 4,959,455 (all of which are
her eby |ncorpor R herel n by reference for any purpose). Generally, t he

transformati on, proce e end u ost t transforned
Vet hods. Tor | nt UGG HES BB Herat eIl Feaadhss, Srotth AN cor | 5
are wel | k@iWBarl Be lgBferaell NG t'raﬂﬁ?éilﬂ@ mibUtardyifg Pakts loif Thd BEmMA® immune
dextran-nedi ated transfection, calcium 25 phosphate precipitation,

pol ybrene nedi at ed transfectlon prot opl ast fusion, electroporation,
encapsul ati on of the polynucleotide(s) in Iiposones, and direct

m croi njection of the DNA into nuclei. A nucleic acid nolecul e encoding the
am no aci d sequence of a heavy chain constant region, a heavy chain
variable region, a light chain constant region, or a light 30 chain

vari abl e region of an NGF antibody of the invention is inserted into an



appropriate expression vector using standard |ligation techniques. In a
preferred enbodi nent, the anti-NG- anti body heavy chain or light chain
const ant wegoar4pmssappended to the C-term nus of the appcoprst@aveswasi abl e
region and is ligated into an WD 20148/ 049758PCT/ US2010/ 051960 60

expression vector. The vector is typically selected to_be functional in the
parti cul AP HR et ﬁ]ﬁalér%q BpHtF %xsreé%, ke PEEHICRICEINFAIAEP IHGIR 5t he host

cel | machingkpsUsifc! Batta@R! hirhfRihARNEEIobAM QERE MRHLQE BXPLRSRIEN of the
gene can occur). For a review of expression vectors, see METH ENZ. 185
(Gbeddel%u?ﬁwvﬁnmégmﬂ?Mhﬁkanemﬁ?@smdBJygﬁaémhwgmaum?éﬁwﬂgane@mems used .
in any o ost cells w|l. contai.n sequences, for asmi i.nt enance an
For "ol on 150k SatpiEeifofiiofs Ml ibisTeE e grdasgnaBal aft o TR
sequenges(L&mkiLetdly abya r Rimrd $68:$35-850). fA@Bkdingy S@AURIRE 8ghibittedRklal N
enbodi nents will typically inclTude one or nore py.the follomnngrnucleotlde
sequences eXpey tequsc dgld as ardrie resneride IMBEREete sic iafiodwed higin of

repl i cati g Anh i ANAGIPLASR Bl t SR IALLBLIRCIUADR, 1R SOTRLERAbiTAT On
sequence contai ning a-donor an 5accep ot splice site, a sequence encoding a
| eader segugdeetd bighpofiyipeRirnalel €8 e mednoodnaldantibbdise eonbderdéng, sifre., a

pol yadenyl ati on sequence, a_ polylinker region for inserting the nucleic

y !
aci d encolPre RBd fHIsgie pO Uel tesm bR e predeld - tantd: dladingandpl enbrig: ker
el emepy . Fa6N 0fy, LGS SAIUENCRR. A% IRY! STHE RPN O Humah TRickagal |y,
the vector nmay contain a "tag"-encodi ng sequence, 1.e., an oligonucleotide
nol ecul e Hocabatinadetsihén Bhylor e/, 82 oNudlibie Amdsi RAGEQ @RAET-HDAy (Fehygpept i de

codi ng seqgue ; the o]i ucl eqtid nce .encode ' such as
hexah s) , dbr P‘i‘ﬁo;fvfélmﬂea&? P”_%’ﬁfé’???%@ §éi§%g§ﬁwﬁ%gr dli ﬁ%“y’ Unfs‘ln%@ﬁa}; virus),
or nyc 20;§®b9mhbety. %ﬁ%@% ¢t @i‘.,'1}99@,V]@&tbﬁé33@:895%18§9?@bﬁl§er§,x]9@74,- HiRp»okag is
typically Tused to the polypepti de upon ‘expressi on of The pol ypeptide, and
can serveoh$xa Reansichblogy dflBi4Ri k0, Playiok i at atli, dR9br Indeneitriad dmpfuny kvgy NGF

anti body fr, e host cell. AffinLt urification,can acconpl ished, for
exanpﬂg, Efgg%?ﬂhﬁoq%?%ﬁ§€%§¥gbHfgésxﬁgwaﬁ%ngﬂﬁﬁgmaggpgg?’?ﬁ%ﬁﬁ% as an
af fini ty _Eaﬁtsdrg,- JW,iWWY, Ache S‘QQM.SB@%GF{HWM Yt Qg revey ad 2o frpm
the purified anti-NG- anti body pol ypeptide by vari ous neans such as using

certai n p8priadasiesy fldi848t88ay tigecontents of wl phkyHeh swquselvecamprased hvnol ogous
i.e., fr - ' apd/ St raign h | .ol ogous

Ei e f rgén}%%g%pzlg?%%fsgﬁﬁ%?ft 2 B} (3" Bk ?ﬁ%%%é%“%@%%%%‘?ﬁ%ﬁ hybr i d

(i.e., a cwpobjlpat 5683,05.f 5,a8Kb5H@ 3BUUEIT K64 I,ore; s ket 3 18ars, 8@, 299¢ agdur ce) ,

synthetic _or native. As such, the source of a flanking seguence may be any

pr okafY ot P/ 78R8k lRnbErGging S S Vethas et BBk B0t 1 Her Pebratie’

or gani Sm aP! AN RlAl Pucht AKHAREoh TbIL AR Lany I sEauRRRILRA HAE! | onal

in, and can be activate ost ce machi nery.
2011/ 049738 PCYAUSXD IDLD&KO H0blhed Decembdr 23k i 993 ; sed) WM 8293 9% frublished t he

vectors of  this.i nti on be .opt ai ned by any of several nefhods well
oo+ M P, 87 A [Rer BT o e LBy dhgerore by O S i
been pr eVilpﬂéiryenitﬁﬂ&ﬁ.t iptl'te%&ad%llymrwﬁ@w,aﬁélo@z, 4 KeFHhhGEhRMmRRARRMG! ease

di gestion and can thus be isollated fromthe proper tissue source using 5

t he adpr opescabed mghe Examplonbendean bk esskis gengrasdwmanasbsYGF hatilfaglids.
nucl eoti de sequence of a flanking sequence may be known. Here, the flanking
sequence may b&hsyprstresnwadon pravydds henmmetrhotslodelsaribbeids et eiersptafic nucl ei ¢
acid synt poersa{n%i Igerutrgllizoenﬂ)iggétive human NGF polypeptides. Also provided are antibody
heavy and light chain amino acid sequences which are highly specific for and
neutralize NGF polypeptides when they are bound to them. This high specificity
30  cnables the anti-human NGF human antibodies, and human monoclonal antibodies

with like specificity, to be effective immunotherapy for NGF associated diseases.

In one aspect, the invention provides isolated human antibodies that bind the

same or essentially the same epitope as the 4D4 antibody provided herein.



Whet her all or only a portion of the flanking sequence is known, it may be
obt ai ned usi ng pol ynerase chain reaction (PCR) and/or by screening a
genom ¢ MOI20twepysswi th a suitabl e probe such as an ol i gomash@onsdeo and/ or
fl anki ng sequence fragnent fromthe s¥Wne or another species. Were the

fl anki ng sequence i s not _known, a fragnent of DNA contajning a flanking
sequence rmay bg“ PROISREL e ABYRNEON RFQyadesdiqlated BFWHMGWQ PESHE N, for

exanpl e, %a&%ﬂeﬂﬁt@@%ﬁ@%i@&qﬁé&f&@s ?thﬁrsﬂgﬂﬁ NOSIENAas; 14,5@ agimn may be

acconpl i shed by restriction endonucl ease 15 di gestion to produce the proper

DNA f r agn@dit 24, ehil GReld Othati lyodsaa INGTF peliyneptalgapdses geth hpghr affingtatandrhas

Q agen(r) ,col um, chronat ogr a atsworth, . CA r .ot her met hods known to
Chadsii 1 1 BE°sPrTeah HReSHAT R BB i mishrad Bosokuigiien ohi's
pur pos® Whinds B saf@db b¥cARNB B tarhOcittpe @b tlféréﬂim@l{t%oé‘jﬂkfdvideﬂ hehgn.art. An

origin of replication is typically a part of those prokaryotic expression

20 vectors pur ghasedcPemRbRiablY, 1R boidi& HuhShn adiibaidsnbieAmGE i cat i on
of the vector in'a host cell. If the vector of choice does not contain an

ori gi n of peleptitlatwitna dissesiatomecomstynti g lé i 40T W ey leshesd mbibitsaGH on a
known sequence, and l|.igated into the vector. For aml. e, orjigin of
repl i cat i BHUPTLIHYING 15%%’?7’(16(06@%?12“@%\%5@%&1% raraflie 1(%234991 1';‘?5- MA) s
suitabl e for nost gram negative bacteri and 25 variqus yira igi ns
Co g i s i, AERBUINGu “Giclsolhed "Ry RS Pl S or
papi | 1@mpb1@}a@;ﬁﬁiewqba aBsddRMioarcoBiMit (R5 o s &f 10 M br WsOBAOBNMLGINGE i N
mamal i an cell's. Generally, the origin of replication conponent is not
needed f omdwesthuirvizsial iexpriesigiooreutrelizadips agshp witheant§lse,of tiel BYADobleksgi n i s
often used only because it also contains the virus early pronpter). 30A

transcri pl ¥heYarmesareisred ephediment. 4he ipplatod| anyi-NGE dugynantipedigningnd of a
pol ypepti ge i i : q.term tyr rHiopt | ually, a
transcri pﬁ %%H%egﬁig‘?yg%t@ggﬁgﬁ%\gﬁﬁ%&%% 0 %JrH;%ﬁ g@eﬁigilg all\graalé;g?ch
fragment fed Inbved NGF andaety sukvBamihence. vidhassay tWith Sequgrured + so€agiory cl oned
froma library or W) 2011/ 049758PCT/ US2010/ 051960 62 even purchased
comeiZi aldsy &sampples ob in@humah ANGF ihtmaannabsheshthat macti thy afyrembesinzéd usi ng
met hods for nucleic a id.g%nthesi S SUC'B?f?ﬁ t hose descri bed herein. A
sel ect abl Bndiigaed nguirlization, Uy ag e €t'¥8ssary for the survival and

grow h of a host cell grown in a selective culture nmedium Typical

sel ection mar kéhe 5rogeprstericd dgtdupren O R Suppg anfibydyefiibe prqs@&?igmﬁe% to

anti bioti ther. toxi | cikd ] i anycin
or pr okarys RS P4 s N B o B Ry e
cell; or GEY HupfdylZmnd iSEQ) IDUNO: é0f sspativelyai Tladbpelyhudentclongetecncer

gone. 20 necianging e reof R dbTge aohiy SEREITE Sl ey 81 SECR N hce gene.
10 Advant RgeQuskl. Pho}RORRHGESof BS hit-AGEn SRME LR BhPRAR] JHRIpf

eQdnt
sel ection in both proKaryotic and eukaryotic host cells. O her
sel ect abl evgetiwsaepedtcallyedisdlesed mp thef Fxantpesy ePasticwaly whtablebe thexipekssed.

Amplificatjon is t pragcess. wherejn, genes. that are requjted for production
o s or of B oy G PO S RigR S0P Recr et o afieap e b TPl & andem
wi thi n t hecthStychRhRABsAEESReroih. successi ve generations of reconbinant cells.
Exanpl es of suitable selectable markers for mammalian cells include
di hydsofol ate Tﬁgﬁﬁﬁﬁﬁioﬁl[@dﬁﬁhn@(ﬁ@? BF eBh@hLASS N@%ﬁh@@nti%o@?%@n genes.
Mammal i an cell transformants are placed under selection pressure wherein
only the tetamsihod rhanswfae eplasmaeuedspnadapasedenepaludeiovibedyin vExamme dE t he
sel ect abl &Fﬁenﬁ presfent iln the vector. Selection ?ressurﬁt.i ) %% %irrgosed by
cul turi ng “the*t¥anstéfhed a%??sr?fﬂﬂaé}cec&ﬂﬁliyflﬁoﬁéea_ Hewn e e Cotent ration
of sel ect i@a@@Ret bétvebheligipdi HErdBbISMRCREGH RIppebigs Easeshiliidiebaby | eadi ng
to the an‘g] ification of both the sel ectabl e gene and the DNA that encodes
anot her géieeensgamtrag aan aaalyiheaibedies inpiohdon) by NGHagroplpsyaen rafenanss a
resul i antiti k ch i- nt i body
o s%on . h@@g@?ﬁg AHABIA L€ Sy REmA PROIYREP Bl {0V Chis AT, A0H) - PR

plasmon analysis can also be performed by immobilizing the analyte (antibodies on a

biosensor matrix) and presenting the ligand (recombinant V in solution). The



25 fromthe anplified DNA A ribosone-binding site is usually
necessary for translation initiation of mRNA and is characterized by a

Shi ne- Dalyarno/@erfaence (prokaryotes) or a Kozak sequen®eT(iSakanyoses). The
elenment is typically located 3' to thd pronmoter and 5 to the coding

ol yoosy! aieieienaed Bl () @ etk 4Ry OuTanOGF BuRp: eRBPegeoh LjsPem one
may mani pyLatintd'By Vdihi RYSERA SctifdoRSe9S 8 YRR SmbBdintBREQYRh Ot eR$H, at i on or
yield. For exanple, one may alter the peptidase cleavage site of _ a WD

2011/ 04978BRETbOELOMIOA 06 NEBOWES apés oF bethvaen sprynsimaseptl Dde aod 18GTM.

pr o- sequence Ak ch al so . affect cosylation. The.final o el

D oducr e Rame s o8 waS BTl Pl 1T B E 8 e i PRhS! Scl'a o
the meg ur gabit@heitibo@R@nBEenMiceacidll FoPp@boRRoReheasit st indehtRNK, ks _
expression, which may not have been totally renoved. For exanple, the final

prot ei n pfgaiminchasdpwadp&xampledt: two amino acid residues found in the
pepti dase cl eavage site, attached to the am no-term nus. Alternatively, use
of some enzynelr peduagecwmbodmenty theesuibodics od the iimplentign taraunt dteelEGlor m of

t he desir | ypeptide, .if the e uts at such ar.e i t.hi.n the mature
ot yment | BOREBEBLIEH dianis oRTTEbiE, s EnlodRicits A afe M UMy preal 1y
contai n amMide ProRRILEY, thBadntibsdieeRONFZRd Gt RBtypest MysgreRALANGheper abl y
| inked to the nol ecul e encodi ng the anti-NG- ant'i body. Pronoters are

unt r ahscr pgéwdis e of dke [gfehisoiypgpst e gthef icmbodingenys, tthe anfeboslicaral thedon of a
t t - | i\t R t. 100 t |
structur ainv%ﬁtrﬂoe zgr% opel air%\)cl:[’t I‘é"{&a Fé]if‘ o%tigiﬂﬁ?%tﬁ@et. efr?l Splrg%?reg %}nb%glt%en%oﬁ he

transcription o he 's gene: are conventi onally grouped

into one afvehtiéh, chaastisodidsnebmgirbben pimsdkepsa Heet caishnd dthuweanlironot ers.
I nduci bl e pronoters initiate increased |evels of transcriptiaon from DNA

under t hel8G% oGl or FeGEdsans ehpip. sdnprepangef patikadiesupt thodayatiens, such
as the pr > r n f n i o) i; .

Const 1 ¢ ut {aiPnean A6 of 182Gt KR Lo 2000 i RETREITH E. o
whi chli hegxanpleopeloabl In pamikaddr etbadimiests, thict varlabletdegions ofithccamibiodies over
gene expression. A large nunber of prompters, 20 recognize ariety of
pot ent i al Kot iklq & 0 ii@ltvesglpnmﬁ%w?aw FABNE g fhe ﬂgg?&pﬁ%@i?m y

l'i nked tolé(ﬁ‘?, oP'T@G@'?s%%?{JeUQnQ%ﬁMM R MIAtts, thOMitoRRS B SRR {JAGE ant i NG
anti body of the Tnvention by renoving the pronoter fromthe source DNA by
restricti beenerieneddodéxpeessioonn smchnmalgerceilng t he desired pronoter sequence
into the vector. 25Suitable pronpoters for use with yeast hosts are al so

wel I known in fhecraéit embedsicnen) kameerasivameodisaaioha ge dieshoavy shainmanth yeast

pronofers,. Suitabl I erg for use with mamal i an host cells are well
k nom&gnd lighicihafte o BGH- alﬁ_ﬁwd}qs M&%@W@&O@H&@O@%ﬁ%%é o figince e genores
Of Vi I uSeRuguificds vAR! YRR/ shHNGF Ol fbNieV! Ribiing FURABKAI Uid (@iifltcdts

Adenovirus 2), bovine papilloma virus, avian sarcoma virus, '
cyt onegal ohdrraisrjsticetstroNarr tes gmse heptiei aitsNB R antitodaasddindssedpheter abhy Si mi an

V1 90 (A0 S R IR R IR EL S gt g 0o
pronot er . antMEAO IAARMPASRRE e UiR2ohPlished 980s8é&ting substitutions in the amino
25  acid sequence of the heavy and light chains that differ significantly in their effect on
maintaining (a) the structure of the molecular backbone in the area of the substitution,
for example, as a sheet or helical conformation, (b) the charge or hydrophobicity of

the molecule at the target site, or (c) the bulk of the side chain.

For example, a "conservative amino acid substitution" may involve a

30  substitution of a native amino acid residue with a nonnative residue such that there is
little or no effect on the polarity or charge of the amino acid residue at that position.
Furthermore, any native residue in the polypeptide may also be substituted with

alanine, as has been previously described for "alanine scanning mutagenesis."”



Addi tional pronoters which may be of interest include, but are not Iimted
to: SV40 early pronoter (Bernoist and Chanbon, 1981, Nature 290: 304-10);
CW pronowenro(ifiagrssen et al ., 1984, Proc. Natl. Acad. UBATAB26595868); t he
pronoter contained in the 3' |long teriinal repeat of Rous sarcoma virus
(Yamanot o, et 3 cy D 1980,.Ce||.22:78§é97%; her pes. t hym di ne kinasi
pronmoter (\agn®esigyd gpino apghiubspiuions \hqther gogacrvaiiie orog-gonseryatived 4. 45) ;
promoter anfhd &KILhdhQf Iy HEAUGIEESIn{h Ot hide MRiALRLINANIHARs GRNRsIEN | nst er
et al., 1982, Nature 296:39-42); and prokaryotic pronoters such as the

bet a- | act dmagéip copotierenisviahline Kadwubstitueansalan, bel®z8, to Pdandify NapértanAcad.

0 Nat | RS SR N8 a5 16 B4 AUOPEI S HRFIRE oftbenNGF ) owi ng

ani mal 5t r aRgediRidesondkd 6oty ol regi ons, which exhibit tissue specificity
and have been utilized in transgenic aninmals: the elastase | gene control

regi on that isaQchiy&ydNkRERE! BRI CoBnLAREN GR! drfinb SWid tse§lendd -sucH 384, Cel |
38:639-46; Onitz et al., 1986, Cold Spring Harbor Synp. Quant. Biol.

50: 399- 408cl¢ti@gayiditivh oDonlzitithtioh 38 One He pat of ogon sevéabamind &Hids)mayt keedi nsul i n
gene control region that. is.active in pancreat] eta.cell Hanahan, 1985,
R ur o 3118 i 815 B i B B et RGBS SR D RS nee Ve

i n | ymphoirderefirt,s it GiRpsshed! iR altibodid98eci@hlly 3&s84eddGicreilamlieret al .,
1985, Nature 318:533-38; Alexander et al., 1987, Mot. Cell. Biol.,

7: 14380 44 substaetistyuBemateaerny’ yantibagics vian ke ewdily alesigagd ond tragnufacturgdt i ve in
testicul ar,...breast, | o] . cel | toal . 198 Cel

45 age- o5y FRE Eion RPN FSA TS S gb g Hoof iy Bea in HEGRs

(Pinkert @& galeral, &@8ificaftemrest hogechaviby bd réably ‘aromplished|tghavigdto-ofr ot ei n
gene control region that is active in liver (Krum auf et al., 1985, Mot.

Cel | . Bi omell-kmowpzigchmiguessusbeps sifc-girected) gaagengsisanddentoes fiespiesenthe al pha

l-antitrypsi; | « j |,& 4 i i ver: et al .,
1937, Gonaz it BERERPRIA HAGhSTor ik BRENCE blimbh 4ELOSE BEYingof'on
that 1% asilsteatially myrellai charadtéristich/igr thm atti-NHIGF, hi®86, ankbbdice Bdos838- 40;
Kollias et al., 1986, Cell : 89- ; .the nyelin hasic protein gene control
region t hafr nsCSa%twaaiﬂwl%ﬂ.ﬁ@dg)Z?@g’%c@ﬁ o WY & HretpacaPeird hetgad ot
al ., 1987rerGehle) 4301{R304 ke (P "BHASI Mok H8lllane A RGeRGNG GRARTANGE €Tl on
that is active in skeletal nuscle (Sani, 1985, Nature 314:283-86); and the
gonadot r opiman einghedyngs 3ot ronebigé@ng wolecwlol (nadepiubn X)ha) inswhichithe in the

hypot hal apus (Maspn et. al . 8 i ence 1 1372-78). .

2050/ 049 7BBRETH Ua50 167681 SR Be G Endhbr I N GE  SHRaT § 8BS O HRancer s
are C26- afypdiarRbRMRBioss TDINAGDRS Uald ¢DRBO thd GipBOEhdMP tdkin lag Gk Rolc t hat  act
on the pronpoter to increase transcription. Enhancers are relatively

ori ent at i &if aMasipdSr hpwalagade perierahly, at heast Mo bewnldgeundnaie Ppieiablystis bot h

5" and 3 ] ritio it [ enh e vai | abl e
Fr om mammist e puhRRFE Bl o RN - IPRRIESEFRY RO T4 1

al phaf et oapdt 22 et SEQNID NG 1i6n20, ahd@4c adsbyctiviebnane (i) whereihaaeertiadtioem a

virus is used. The 5V40_enhancer, the cytonmegal ovirus early pronoter
enhancer , MUt fHr3nshle inmadiare thermetixie REVPIE NER AR S2RAGHSTS #5 Bhe art

are exenp DADRCRONGh AR ¢ HayinD SRt SR facRekaTY fid
pronntgrs.é%%?$£ anﬁgﬁﬂéﬁger n&?d eagbgit?%%gﬁ iﬁg?ﬁ§(%0v§%t%r(g?€ﬁer 5 or
3' to a codiaeglesquence, it is typically located at a site 5° fromthe

pr onot er. Expressi on vectors of the invention may be constructed from

a starting vecOadinstlghardsnta NGIh®hen ahtiodawairih@bl®l weetlight afliehheaegt ors nmay
or may not contain all of the desired flankinggig%uences. Where one or nore
a

of the fl &hftp AEPReylientdksn 152 eols. it grérleash Agt anainp d§hSCAIESENt i n

t he vecto . i ndi M A i . i gat i vect or.
Met hods ugdgaﬁt;}g?reg%%(%l?%t I}légaglﬂe%a?g ﬂywtsﬁ@%?%% %%ngéq%g%clggfegd}kp&illg?ﬁ known to
one ski | | esbut Phescqudnce identity Af¢temotd @raferablyr ath &sstbelsrut s tsegadned and a
nucl ei ¢ acj d .nol ecul e enc?dig Iiﬁht %@Ein’ g heav chgin, or a light chain
and a heaV&nﬁﬁéﬂﬁt68WﬁrP§iﬁﬁ n2GAE3st NERUD 25hSF C HeENtEe il f¥UFted into
the pr OpeRr&érﬁlﬁyOaft 1ERE aNRRT1BY, sEPRNECTRhELCYcVROIOPref@YbIDE IAREREKH 1 Nto a
suitabl e host céll for anplification and/ or  pol ypepti de expression. The

t r ansf or n¢Yoonqadncandeasipy, gssinore relstably ftolcasiabeutt5YNGRuands idoatityi yeto a

sel ected host cell may be acconplished by well known met hods including
transfection, infection, calcium phosphate co-precipitation,

el ectroporation, 25 mcroinjection, |ipofection, DEAE-dextran nedi ated
transfection, or other known techniques. The nmethod selected will in part

be a function of the type of host cell to be used. These net hods and ot her
sui tabl e nethpds are well known to the skilled artisan, and are set forth,

o o o ~ 1 .



A host cell, when cultured under appropriate conditions, synthesizes an
anti- 30 NGF antibody that can subsequently be collected fromthe culture
medi um (iwotzha/laos8 cel |l secretes it into the nedi un) olPCaiuseaioy96e om t he
host cell producing it (if it is not Becreted). The selection of an
appropriate host. cell wll depe upon various factors, such as desired
expr essi o FePEIE: blpfoe}t%@ébtagaﬁ AiISFINAET SHEIPhAE 5105° PEIPRAR) & 168 wo
2011/ 0497 38RE14 105284 8430 LAGRIH 6 yBrerpas %Féfeﬁa@{y aCda¥ Lo SHOD Ruence |

gl ycosyl ation or phosphorylation) and ease of folding into a biologically
active noldsoutlye yet more vafenably ahleestlaboli 9% aavad kel sequmch adengtyf ©rthe

i 11k in th t incl t t limsied to,
rmor tal | 9Rgoc GerEe Sobfvadr sERISRR T8 Krdes dnBhp Rl AP 1O
Col | ecs i ong (DT 6Kd 24,irexpkttdieng but not limted to Chinese hamster ovary (CHO
cells, HeLa cells, baby hanmster kidney (BHK) cells, nonkey kidney cells

(CGS), human hgpat ?F&éllab‘l ahn Qﬁf-ﬁdpﬂ@méiﬁbﬂt?ooﬁ? riant G e a l?g'ﬁg cRaifumber of
other cell lines. I'n cerfain enbodi nents, cell lines may be sel ected

t hr ough detreabid mégen, whharh takeh las| 4 méwlchdba Irisght leagirabosi 80% ewelosaadd
constitutively produyce 10 antibodies w th NG/ Rinding properties. In

anot her e TIGENGRHETYG BN PHESH gt [ WOLet Do helEi PRy Sabdtorhor make
its own apidrhgsly Rutashasod 82%@&%{6}9[@& RichBe yanthoRepicBireblR dnatLl ghRPous

anti body can be sel ect ed. nti bodi es of the 1 nvention are useful for

det ect® ng8¥Gscilwense ideoitye art warepretsrabhlat lgashabeutdd sevfuehcecidpntgy.arett i ssues

t hat prodyce. N ot ei;n. . Ant i J of the 15 i tion Lfically
bi nd Lo NP ity e g ot b ER Rimfnet Ml Hth Pl rbBh 278

ant i bodi esb@iarngdde seg@shet Ndbithdl ng ABsAYScftr@ablehe tdastNehoud &% Geiidicbi t  NGF
fromformng a conplex with NG receptors. said antibodies that bind to NG-
and bl ockideptiey axet | BArewiPEciablyeat Beashiabguic Sfpodadenaayideniie vremPeuti c use

i n nodul at,] i ( e i S, i bodi es
to NG zoPiohsra bl Gl TERGEDE 38 SaRRSce LIRS LB R, BIRAMITER Gt At
di srupd i oA0Bfsetpinemcdiigentityd yeteos [gofzkably anisak abowrd 1€asamdece identity, yke

present inventian al so rel ates the use.of .one or nore of the antibodies
of the prBOENPIaFERNTH I PR R ALK I S et g A g e

treat ment yqfut 9308 Rfincdi iAONAE va nRNGELEABLC ARG Bt NEReagEEkRXPr essi on
of NGF or Increased 255en5|t|V|¥y to NG-F in a patient such as any one of

di sor der sidgntiyongdit tinores pdifeiblys et l¢vst eibnut 95% sequenpe efientited yetrvote ment s,
(1 Ve S5 R CULL el E0ROSLE LR CAMBEL U 19t o o
t he i nyendT@akche@et Mentiw, &bt RoRNALABMLAHEI leadt laporIRePt@fakfecdidbran] yet
30carrier, solubilizer, enulsifier, preservative and/ or adjuvant.
Pr ef er abl jorgprségakilya least about 99% amino acid sequence identity to the amino acid
sequence as shown in SEQ ID NOS: 12, 80, 82, 84, 86, 88, 89, 90, or 91 and/or a
heavy chain variable region, when taken as a whole, that has at least about 70% amino
acid sequence identity, preferably at least about 75% sequence identity, yet more
25  preferably at least about 80% sequence identity, yet more preferably at least about
81% sequence identity yet, more preferably at least about 82% sequence identity, yet
more preferably at least about 83% sequence identity, yet more preferably at least
about 84% sequence identity, yet more preferably at least about 85% sequence
identity, yet more preferably at least about 86% sequence identity, yet more
30  preferably at least about 87% sequence identity, yet more preferably at least about
88% sequence identity, yet more preferably at least about 89% sequence identity, yet

more preferably at least about 90% sequence identity, yet more preferably at least

about 91% sequence identity, yet more preferably at least about 92% sequence



formul ation materials are nontoxic to recipients at the dosages and
concentrations WD 2011/ 049758PCT/ US2010/ 051960 67 enpl oyed. In preferred
enbodi mrerwe,20pbapTsaceut i cal conpositions conprising a tReraseuviosebe y
effective anount of anti-NGF anti bodi®s are provided. In certain

enbodi nment accept abl e f at | eri preferably are nontoxic to
reci pi ent 68?5%h%”d@@%@@§3§ﬁﬁwbahggﬁ PP%%@gﬁﬁﬁWH?Qﬁ1dépﬁyc§?kéWHe

enbodi nenfnseferm? a@h@arsﬁas&ut94%ﬂsecﬁfaﬁp@mehﬁ@n ye@aﬂmf:eoﬁte?éram& f Ms@ﬁﬂ)&ﬁ
material s for fying, maintaining or preServing, for exanple, the pH,

osnol ari t 95%\ﬂeg@m§¢ ucy:ntlty, ari myre profeorbly isloastabeuttdpo scimencesidentity i yop,

stability rate of . di t ., el ease, orption or penetration of the
composi | B PG AnfutioheH 2o sfniR PERtuRkeits BBt Seic) e,
but ar® ngboutiI¥4 eucBee dBntlg), %@t Adrd préforaely aslcabtysione 999 binddy Red

asparagi ne, arginine or |ysi ne) antim crobials; antioxidants ésuch as
ascorbi c &ﬁW@Kf§é@NGWﬁ@@MTWﬂ@odwﬂb6&N@Wﬁﬁ¥d¢@@@ﬂn§ﬂﬂlJDéﬁOSHQf br&, (such as
bor at e, gs nate Tris-HCl, citrates, phosphates or other organic
acids); bu K ng agents (such as rrannltol or glyci ne); chelating agents

(such as et hyI nedi.am,ne tetraacetic aci agents (such
e caf foi ne, 18" SOTGUY A5 FstePeT FbRey RburodEy e Tr Ao lo'oh AREACS |
hydr oxypr ggy| ran%Eu’ﬂe Cli/aﬁzh%d%%eﬂsmaboﬁt' 73081 SucldI®NRERSEIRhédefntifll sa@char i des;
and ot her carbohydrates (such as glucose, mannose or dextrins); proteins

(suchl@s pelyowsledtisiarseanengeptihi present invanion! Qpstinarids)a padprustdotige vatiaaior i ng
and dil uting hg € tl%as)t% lSjsby! H&leﬁ%‘%ﬂf ?e:quﬁi’c%rﬁ{xﬂft' 'rﬁ rg éJrXf%Farbfyt Stf SWEh as

pol yvi nyl pyrr one ow ol ecul ar wel orm ng

count er i oasou? Q%o(%s uableiRsacsddequihie RIcASHT yat moes p(es?mﬂslyw& 1680286 KO8NI% M
chloride, benzoic acid, salicylic acid, thinerosal, phenethyl alcohol,
met hy| par BBENC aﬁ%dowpwdégﬁlty CYAt Rereireferbly afolenit @bael ¥ % rmukled agén

per oxi de) g, Qlllééeflfeﬁth%sg/% ( suc %‘ré’f%&% at aQthlgcﬁl@ESggj éﬁ%)gllelc hei Qe &‘én'aé!' ene

gl ycol ); sugar. a as mannitol or sorbit suspen I ng agents;
sur f ati antdentty, wet morigp@feaily af seashalamit U Ur omilas ,actdESqu@esdelity,ayetest er s,

pol ysorbates suc pol ysor sor bate 80, tr| t on, tronetham ne,
| ecithin, mc?ﬁ%lpé%fg@%f:}i ttlwsax%@gr)%%trﬁw %(‘f tafl‘gr?ﬁ%‘}%‘ic%gl YKt ¥4 SRR as
sucrose Obré&ﬁﬁlyta@héast LRy 868y n&iMaREidNG AR B igentiBH GRt ARrdb %@érhb?%&

hal i des, preferably sodi um or potassium chI ori de, ‘'manni tol sorbi

del i very lcekti dloms 87U huadet samdemlupmc@nltisntamdy@rmpnapm&cduy |acé¢asadl]>QWant S.

See REM N S, 30 PHARMACEUT SC ENCES, .18t it nnar o,

o) 1000 NS BB SR SIS TG DEETRON S SEPCtuss SO HEE60 68 of
adm np@t r adill QBqucHed ideafi g@crrﬁ&% RO B sAtr165kt dPGAIDIBEsIeit ALidevaiaHce,

REM NGTON S P RMACEUTI SCI ENCES, supra. In certain enbodi nents, such

conposi ti slestigrayet mprapisésalinat feeys phoat 94¥mpeclcisagidi soapencerigdensitnfydtn vi vo
rel ease apn%rg %nggpafbl Ny Vle%sg &!o Ar g I;l/uCLelé ha%uf’"lte ue%gé aetlﬁfty, ygthlrﬂorgntl on.

5ln certain e primry or carrier armaceuti cal

conposi ti preferay e 1@Ist fgyut Qﬂ?demuﬂelﬁl’acﬂ%q@@we@&@ltﬂtﬁ y&amepr&@abl@mrrpl e, a
suitable vehicle or carrier may be water for injection, si ol ogi cal
sal i ne solq%ﬁ FwubP4yr puglsiejagd W@mﬁedéiﬁmﬁw Y§ P, prﬁf%%hlm% leashphatrent ed

W th 9?@9&& dél@'&l?dcs%&ﬁgﬁ@e '1 nﬁgﬁﬁg@éhﬁké’ﬁﬁef&%ly%@ﬁ&@{ £EGk oBIMISEr at i on.

Neutral buffere I ne or sa
acid sequence identity, yet more preferably at least about 97% nucleic acid sequence

identity, yet more preferably at least about 98% nucleic acid sequence identity, yet
more preferably at least about 99% nucleic acid sequence identity with a novel

nucleic acid sequence disclosed herein.

30 In particular embodiments, the invention provides antibodies that have a
percentage of identity to an antibody of the invention, or an antibody that comprises a
heavy chain variable region, a light chain variable region, a CDR1, CDR2, or CDR3

region that has a percentage of identity to a heavy chain variable region, a light chain



10 with serumal bum n are further exenplary vehicles. In preferred
enbodi nents, pharnmaceutical conpositions of the present invention conprise
Tri s buf fwo 20f1/@bset pH 7.0-8.5, or acetate buffer of alpcwuspHoAsBse®h. 5, and
may further include sorbitol, sucroseld Tween-20 and/or a suitable

substitute therefor. | ertain.enbaodipents of the .invention,. anti-NGF

ant i body ¥ Ft8'Yhs? m{ae&a,‘{@palﬁ éﬂﬁﬁrre%l%r%fg‘ge gyvension ps shv (e

sel ected eQmRERIThiIRREIDAYd PQulds.-desi red degree of purity with optional
formul ati on agents (REM NGTON' S PHARMACEUTI CAL SCI ENCES, supra) in the form
of a lyophiliz Gake At on ther .4 riaj

enbodi nent s, tﬁgcantl eﬁ@%@%ggﬁ%ﬁg%ﬁ:?%%ﬁ% glrmr%il Igh[ng %Iglbgdy

| yophi | i zétae speifinglla pidsprcired grosvtls ifpit@nds]l cungprisas adieavyoskeain 20d helight
pharmaceut i cal conpositions of the invention can be sel ected for. parenteral
del i vety. SRITevheAFs VEF il?a\th@aEbﬁ%gm%eﬁ& ahayh#B VeERrRIE rediOf SPMPHEEB at i on or
for delive inlify Qb@Nsdqiéncdi @ESTs! Y 1da5@G6% SUesaRei@| hy thPrBRRY aiyon of
such pharmaceutically acceptable conpositions is wthin the skill of the
art. The fauudcatsisonfoctbnpSEENENEY: é 0 porewentigpr-bindmglirpniimnoonbermialat i ons

that are 25 .acceptable to.thg sit f admnistratjo n,Gertai

enbod menfiBE { BYSSEO HiATH T PR Fis onpdsi b ae: Shy S8l ogi cal
pH or at Rfomblog@bid % thO¥aMmoRidid deyRéealab YetibithiMSBQRD Nenge d?fanfaﬁﬁ%@nabou'[ S
to about 8. Wen parenteral adnministration is contenplated, the therapeutic

conpod? t i brdingarr ansienmynalegiealiyniisetianehimmynemopliovirapsepnt therend; ftdematof a
pyrogen-f , r e 0 agu s sol uti o] i-S{hg the
Gosi rod antr KR SherbonyY Ao RaR e A B PR SRS UIRET 15
particul aNQ: &Jidraddl entkehitthding @f aimemtitslagicaliyj gictiomliignsdmdgidbaliali stil | ed
water in which the anti-NGF gmti lo)ody ios formul ated as.a WO

2011/ 0497 5apemtthaoaip rbBIg65 s $0. F 8P idagedip dhaynineiasid scgrasensy
preserved,.l HpeBodt :he i i .

Porml a1 5 o i SEQAL RS TRE LT puflR RAERERER AmARL YR KACKBRY,

m cr osphermesmpndyilobidmotkignhant ferdofcdtdsast, FOPy MY, or 806%palentisal ts thehanaso

pol ylactic .acid or polyglycoli.c i.d ads_or |iposones, that may provide
Gont r ol | BFifr USRS, Rod®s P} eis SEGY )'Phﬁ%prgauef o PRIECHNGBE o et ed vi

depot i nj gRhbfNo i'céll;ﬁﬁﬁlkﬁd}rﬁ_l RS SBR By fr IR IE, AQL4dt 58, Rleafcdre used,
havi ng t he effec% of” pronoting sustained duration in the circulation. In

certai n efrbtbdiament acid seqpriaaetaabbefocth ug SHEI IDVISOY 78evriapestigaybibdingsednt o

i ntroduce.the desired.antibody nol ecul e.. Pharmaceut.i cal conpositions of the
| vent | on R S R n T i e S e TR eae. ombod: ot o,

anti-NGF anti bodi es .are advant ageously .fornul ated as, a .dry, inhal able
powdef) I n preflefFin @W&Bgi% he e tl%cproamfwaldwl@mg}léwow@eami ons

may al so Bgt §RCIRtaf] S ddy AcRWRFdt@ind AImAREOS HeaBie bLAME aXd o i Er tai n
enbodi nents, sol utions may be nebulized. Pul nonary adm nistration and

formul ati omimevhads thtdekf draem ermprises kHezht dest vebede iregidmtempasinpral  Pat ent
15 Application No. PCT/US94/ 00187 i .S,/ Ncarporat ed ref erence and
doscr | bes SBURTSGHFEETS Ver - S ERaNeary ot PR BRBte AL e nths e Py
al so cont gyl alqgehdehad sborfouh afnl SBE) ABNNE® admbniant eftnMiddihy - orABA I NGF
antibodies that are admnistered in this fashion can be fornulated with or
wi t hodt carmppolegiceldt Brmetiona) imswgoglabulefragmerd iiipefy ablcas 0V 8dds@ge f or s
such as 90% identical to the amino acid sequence as set forth in SEQ ID NO: 80, or an

antigen-binding or an immunologically functional immunoglobulin fragment thereof;

at least 70%, 74%, 90%, or 94% identical to the amino acid sequence as set forth in

SEQ ID NO: 88, or an antigen-binding or an immunologically functional

30  immunoglobulin fragment thereof; at least 70%, 80%, 85%, or 87% identical to the
amino acid sequence as set forth in SEQ ID NO: 89, or an antigen-binding or an

immunologically functional immunoglobulin fragment thereof, at least 70%, 85%,

90%, or 94% identical to the amino acid sequence as set forth in SEQ ID NO: 90, or



20 tablets and capsules. In certain enbodi nents, a capsule may be desi gned
to rel ease the active portion of the fornmulation at the point in the

gast r oi ntwetnnal49tseact when bioavailability is maxi m zegdCRN$20ASBYEt em C

degradation is mnimzed. Additional 3gents can be included to facilitate

absorption of the anti-NG- antibody. . Dilu l.avorings, .l ow nelting
poi nt  wax®s, aigePUing 6f |4 HF%HP%&W?@Y @a&%ﬁ lﬁgma@gﬂriehn DR
di sintegr afciddg: AUSRL 0,85, @0@9@5%,@399%' i36ntREI TRE INE acid sequerfle as

phar maceuti cal conposition of the invention is preferably provided to
conpri se sat ferfth ec SEQely¥éntdilt gr of amrwndnnchng)bualaimmyn@ibglamlﬂy fuNGHomraht | bodi es

inamxture wit 0 toxr exci.p a u bl e ., the

mnaf act ubeouroaeBTERT RIS Y TRt 70A7 bl B2 iRy il e

anot hes apRraphb At 6gMinek as s@t%ﬂh 1) lssomymﬁ gioopa@aﬁﬂi@@l BifdiHg ok aﬁiose
form Suitable excrgbents include, but are not limted to, inert diluents,

such as canepuelogistlbofenctonal gainnnoekpbbbm sraamsnt Hicteefhenlars 700acts%. or
cal ci um pbﬁﬂfpb?&e%% oxbéé"%'l&%tfégr ﬁe ar%%%hac?c?s %ééﬁc%@s Efohi iR gEQ);Irﬁ‘C""C' a,
or lubrica agent’s Sstearic acl

WO 2011/ 0X@¥ 5%8<PGF/ dﬂSRﬁﬂg&hﬂﬁﬂcﬁﬁ@ o? Qin 1rnrnuncﬂdgibatll}o ﬁﬁictlpﬂibﬁlrlmmtglcﬁ)ahn
conmposi tigns wi Il be_evident to thos he art, including

f or nul at i FASMEHVIBEEPH Praattisashc) /anﬁ%oap%os 9§?{o s9t§s/t’eﬂrn%9(% iggntical to the
contr el | edrdgl %é(&frsé{qlfe%é”dé %{; e@?@eﬁnr%%@ﬁ'm}h‘%ﬁ §%or W&Hﬂ g%'bﬂﬂn yapj ety of

ot her sustai ned- or control y neans, suc I'I posore carriers,

bi o- erod|bhmmnobgm@myﬁnmm@mﬂonmﬁn@ﬁomuﬁrm@@MBn&mdmdepot i njections, are

al so known to those skilled in the art. See, for exanple, International

Pat ent Appl i cali @ortiNa. otRGT/chdb83MRAB2 Xhe Wi @hioh SproRzios par abktkdoyiumah er ence
and describes controlled rel ease of porous pol ymeric mcraoparticles for
delivery attifodrthaicwgeifically borpasTi SRy BielarandecpridisendystaBpaedY i ons may
 nelude SeRlpenTeanle RINTRIVTBLG PR 110 oh I ilPId OlouShaneR idB @1 ol es.
e.g. filnms, or m érocaps Sustarne ease matrices may I ncl

pol yesi er 40%hor d0bgelesticaptl tht amtincdesd é@lsremhesaslsotsfedhnm SEQSD Né)t 88tSHND.

3,773,919 E t | i [ t . EP.058481, h
of whi ch @%’%Ebﬁpﬁﬁﬁaw b@gr%é'r%@'} Nﬁ?or k%?ﬁnorlntl@e@bmd&rﬁ 8% 381 d_and
gamma et hyhmbadHERIBE RinCRMBAMELo@dbuliniBEHhenBiRRRFY Ters 22: 547-556), poly
(2- hydroxyet hyl - ~15 "'net hacryl ate) (Langer "et al., 1981, J. Bioned. Mater.
Res. 15:167- 27? Qt'ﬂgr c%rﬁﬁ&ﬁﬁlentg'gtﬁg ’mv%ﬂﬁ&}:f R@ﬁ%_ ﬁ&éso?ﬁe Qlﬁ}mn gﬁtﬁ%lhg ﬂ?aév' nyl

acetate (Langer et supra) or roxybutyric ac ur opean
Pat ent Apppercd‘ajallp rbuRishierrosagroo\nh NactoEkhdl 3@ PB&k) .a Iﬁuﬁmahmd' chairaPR2,

conpos|tions so i ncl | i posones that can are
sever§¢ BORHLRAGRRY ST i’i@%& i an gangyacid SecEﬁ‘E)%ettg ot e %Ef@@g@zo Pr oc.

Nat | . Acagy 985 ideHRAl RRi1R0R8NS 2R se'éﬁé&@ea%nsep ar8hin PO IDCRI0: @Y, Brlhi cation
Nos. EP 036,676; EP 088,046 and EP 143,949, incorporated by reference.
Phar maceuamt@h bamhpg)sr ti gnswosledichlby fiinetivhal omawmghoeuhmfmgnelartbemgﬁar caI ly

rovi ded a ration Sterilization can cC d
Pr Pt at oft R ofsh Ss PR R PBitg Fofiorastdh el e Sehet SERIEERE on’i s
I yophi | i zegk, b #t %ﬁhéénﬂﬁh&ﬁi? U1 d0g ithRluiolBRIchIRd MBMidial CateluelRbulht her
prior to or follown ophilization and reconstitution. Conpositions for
par en?®er afraemﬁtrﬁhglte@gtat deast: al"bilenticst &l thmamyomﬁld semgneoasrsdriofth ig
sol uti on. re | sitiQ eral i ner
having a sgér P%qg@ceggnggr%& tﬁmg%qm“ﬁ%(% an |d§raven (ME%oﬁnﬁﬁg%lbag or

vi al havi ﬁgman@gld@pmrﬁzrgrﬁmd&bécﬁ hxyle@st trppoidientidat td teeshinoncidegghace 300nce
the pharnaceutical conposition has been fornulated it may be stored in
sterile viape Egthying ilBnNG; uklde i #h anhgan-biading qromn 1wanglogisallys o

dehydr at eﬁm%oﬁa%(%ﬂiuhbél%ﬁulﬂ??@?& rzt%H@rQoif QyOpL%RI 0 ‘7‘?% ol?e&os/( Richlcag! ther in

a ready to-use formor-in a , th I's reconstituted
prior3@o adthicnnsts atid saquenW2@1 10r@AB/SIBRPUD/ NBS2 010 /00 24 Qﬁﬁgembmdmg orThe

invention also provi £s kits for producing. a sin ose adm ni stration
unit. Them%P?gm‘ Ogﬁg fpetignab pm Egé@ﬁ 8@6?% a first container
having a dried protein and a second cont ai ner havrng an aqueous
formulation. | H ¥&ratkarPreedBes et nyention rovidosat rsorﬁte%qrgarbamtbarim ng
single anﬁla%ﬂetcif' c%ﬁ?%ﬁﬁi@ %grv%rg‘?o&ffhl faf8r and comprises a human light chain CDRI1,




5syringes (e.g., liquid syringes and |yosyringes) are provided. The
effective anount of an anti-NG- anti body-cont ai ni ng phar maceuti cal
conposi t iwo 200/d3e758npl oyed t herapeutically will depend, PCoUSexampioe) upon
the therapeutic context and objective¥. One skilled in the art wll

appreciate that t ropriate dosage |evels for t t Wil vary
dependi ngYVhF‘i’?}I’p’élF{%,%lgg_ant %{n@@mﬂipﬁe e LI 9@#@@%1,75%@"@%;1@&{19%0; or
whi ch thet@%ﬁiﬁ&l@ﬁd@e&ae%gxs & f(]{ﬁ@ﬁ ﬁgsp@qgm)h@olr,%tag ad/ige%dml@ihgfo;aﬁl on, and

the size (body weight, body surface or organ size) and/or condrtion (the
age and genesuadlopieallyt Hyncobnal hignrpetoigbulin | fragmeent dhareahbbdiavend®, 7ohe
clinician y tdber, the dosage and dify the route .of LQiStration to
bt a ¢ nS0B AR 4enBRu SRR BB e Raiithey of BT BB a8 SR N o om
about 9. laptnfiged-Bindihgl Or 1in 3o RGidal KBnBionAPrithmHRRRBHIIA Ofr&findrhe
factors nentioned above. In preferred enbodi nents, the dosage may range
from 0.1 fheggokptlgnst 65%nHliv. @O Olgidegticahiy de pmaneradbgquenemssef foghky up to
about 30 Kg; ev re preftere L fr J:d 0 ny/ kg.
In certai gggnggdﬁ\ﬁrr%ht@?’ Fﬁe%go%%%%einﬁﬁ %()rflnslé Cg{}“ §1e A nl%lﬁg%og CgﬁgdﬂB@H%ﬁ%

subcut aneanswuhsglentlinoffagnst fiadrest; ablexse 75he 8005 ag Q0% luiticat &ntheeantied er m ned
by a clinician, however in certain enbodinments the pharmaceutically

ef f ect | vedEAolfACISE i SNGEOTEN R bRy 1h Nhe 126n96sint pBASILIBENgEdPH Al st er ed
by subgut ' 1.9 / LidaBidm/ kg. In
certa?(‘r;l e%glgl #%8 1{8!;1‘,1?353%[1}11189% %F%@%@P@%{h ga%?%géft%}\e/e’ g{rr%ﬁ%%glnld% tlé%nti body
i s from abotht atingactid sadpeute &0sc ForthyinpelfQ DO &2fe @usn ianfigatbiodinglon cert ai n

enmbodi nents.the adm nj strat.i on.conpri ses. mul tiple subcut ane i.nj ections.
' yet ot HEiMEHBAPISER LncUng] JAMUAPEEP AT BRereBH e eas Selcar g1 S0
subcut anegugodNidefttdaP the amino BRI RYuédR@UIERE Yor Il SEGRBNNGIRAN o} laﬁ‘h

phar macoki netic paraneters of the particular anti-NG- antibody in the
f or nul at i entigesdundify pi emlimhymunelogichlly &ingtioBd imdwinnglobelis fragmenichprosf; t i on

oyt hor oo BB iy Sal e el el etdear ot E spolh S8h0ees

(whi ch mayomr offey RAtig&ObThaing bhens aBuasPERhlPf fuhbrorde sinfngthogibanisl €) over
time, or as a continuous infusion via an i | ant ati on devi ce or catheter.

Further Yesmentithgaofz 98pCirAtiSHYq or 880adental tocthp genemecidsequsacappihpri at e
q . : ) ey .
wehin t i SEQITIRGE P PR SpRlebRUNR S Y Innubdlob BN EIcARI (O e

may be asaemusogielshlintipught tikecodf appropri ate dose-response data. In
certain enbodi ments, the antibodies of the invention can be adm nistered to
patiepgs 5 thrpughptidnapBmBIdigRAGIhE iR nAEK bR Al fe@BifhM Sitlatlon of an
anti body of the invention mnimzes the adverse immune or allergic response
commonl y &t erscitcely kinds ngryeigsouihelgctonand egraprisgh § dymagdighs ehain 3 antigen
In a non- fyman, %E'dﬁrkzr'sfé%{arﬁi;ﬁ@%@]‘fiese Fond@ 'aft&‘%héﬁe*&&%? And4oD oy ipyqguced in
a non- human specl es. e route “of adni ni sttt fon of the pharmaceutt cal
conposi ti g dnsind Acidcequcicd Bs ¥t FbrtiK HOSWQ MBINOM$02, &r gn adfi@n-lindihp oo ugh

i njection by intravenqus, intraperitoneal, intracerebral o .

(i nt r a- paiBRERYREcyLy functioned inpruaoalabylin (itgmpentithereefrasicast407% idsntietl ocul ar
intrasster] I lead t I gKt es: + ad el ease
yst o or) B e e R 9 e LB G oF of

conposi t i onmuneygioa lyatimctiost énsanbylobdirufagmgreehérest, or lceaMOPfideustay by

i nf usi , by .i .ant at i devi .. iti [ . b
nm ot of eethe it R Db dienenecit iftin 70 oD P2 o 28 sBlig@-BRdinhor ner
appr opr i ahe RLRIIicRt Authbell hsusiRsites Fabash ey, heap.ebapsbed o

encapsul ated. In certain enbodi nents, where an inpl antation device is used,
t he devi calentigal e thenphiantagdl sequencardy ssiuforthibh SBQ 83 O 012390y am antage- del i very

of the,desired nolecule na ia.diffusion, tined-rel ease holus, or
20contt nubS T i G draaicaTs fh8iqngl rbio bkt BRateet Ronnt i on
rel ates tgo® sreshoticaficdl ke tiel aMEIng a6i@RE IO a & 3 $61¢h RYSEQIDEROEMEXPr €SSi ON
of nerve growth factor (NG-) or increased sensitivity to NG- conprising

adnmi ni st e rjitigen-hinging entarodmmupologiseby ghinptigret timsringglobrtin alvegiewns, intrap
eritone al[heréo[P;t dt3EKL %l%aolr 8(5%nfd'éﬁ1tic%‘ii{oefﬂ% QM 21cid sequence as set forth in SEQ




25 intracerebroventricular, intramuscular, intra-ocular, intraarterial,
intraportal, intral esional or subcutaneous routes, by sustained rel ease
syst ens owvobyiimpisant ati on devices a pharmaceutical |y efCeatseme/oarvsunt of
an NG~ anti body., wherein the conditi®n is acute pain, dental pai n, pain

fromtrau urqi cal ain, in resultln from uIatlon or ess,
causal gi afg%ﬁf&% RN RICHE ?E@éré%sor A0 IR #Paalcaﬁlg tignal imsppnog @ 0" Chroni ¢
al cohol i s o sthiokencof; r@h@dﬁ &0PRiden SN ds @ﬁeeamgfoama géquea@&ag s @ tokAMHNe

defici ency syndrone ("AI'DS"), toxins, chenotherapy, general headache,
m gr ai ne, SEQusIDerNGeaﬂhc he ami spsigen-AsTingrororannanmuasloglcally sfundtioms,

t ensi on headach engr al rthr i ¢ _di seases,

| upas. " ostaaaror v et S il Ab kamridhutab o sabisid I Friiigdl gl a,

i nfl amrat gdgneh@Wek Géts Bsder s, IltmbN@ bmel oB yar giBen-biMdiranmert @iy eye
di sorders, inflammtory or unstable bl adder disorders, psoriasis, skin
conpl ai nt snmbeelogintliafitnationa) umwpggiehwlyl fragmend rthpre@faﬁtﬂe@sts70°/ejéiem¢alt is,
nyositis,, r Y a i

condltlons §¥ bﬁh&amggé@ﬁﬁg?%;&§§Hﬁ1%g§%§ﬁ§?§§ % pe?gf%nh a aﬁ%%g% odynia,
neur opat hia ippmiunolepitaks ﬁmmaﬁz& dmypepbgks ﬁagmemathb@dﬁg or at ket ioe

neur opat h ai n, ~causal gi a, (Eggthetlcall mai nt ai ned pain

deaf f er engét/" I9RNtSHH &R Sifeamingsigifnicduspeg A Fftalorthi 8 st dBnNGs 1df ay&Runct i on,
her peg, si ppy g%ﬁxblﬂdlﬁé bt Qﬁ%n&n&% 1¥dl®%£&uqnqpﬁﬁdlhﬁ 1&%115? Eh@ﬁ% t@éﬁéof

genltourlnar gastroi ntestinal” or “vascul ar regqi urns
aLergi e SKUD FEREH ORBREHS) bk Tl bl 450 Al ﬁum%ﬁt{b%' DygRti nal
di sorders, col i17's ? ic Ul cera JUoaen Ul ce S, vasonot or

allergic Bﬁ'ﬁcffloﬁll{ﬁ bu@ds lbafrowgkovaﬂh ﬁb@@ra@ler@mpﬂhssmnﬁmdmole@t dmﬁpemﬁ
gastroesophageal reflux, pancreatitis, or V|sceraI% g In certain
embodi mentEcreihbe PG issercirippiasi ssawmas Hhae et att ) %ot £9p ideatisHdent of an
NGF anti bggdy, I p t is 15
nce pai n i s RHEALL Lol D R B A A SRBRE B b Bt an
NGF aif i bﬁdmun@logucaihy abwotionad impunoglabolid fi3gmony thercof wd dedsan@bus §39pecti on.

In certain, enb nts. the,. dninistratl n co pl e subcut aneous
i nj ecti ondenl ?é PRERAST %%e%ﬁi’rﬁsrﬁe% %@mﬂé’? ' &R agiigen-

subcut aneguidoeft inBRundiSkiCAk @hHiRAP Hﬂrhﬁ}?dglébulfh@agqm Ardrddrofsicaind
met hods of the I nvention conprise an 20 NGF anti body conprising a |ight

chain corrﬁi@%snrﬂ@‘yﬂl@l NOthe4uning a01dequmnne ested dorhemt SEQUIPEN®GR2 lar i body
conprises_a .av chain co nisin SE er.enbodi nent s,
Che NGE. at: BER DGR ob et logiah Eaned g e i g s
heavy2@ haitr&@mnést N0 IrQshPideMidal 4Dthe AGHRG 8¢iBBEJuenbdaet BsriRMCSEW th the
above descrhgilon of the invention, in 25 various aspects the invention

rel ates t& H@&sora%wré@ﬁ@bmdﬂngﬁfsandmﬁomwﬂarftlmqmnnalnmrmml®@h@r| sing a
l'i ght chaj | eav. EQID
N a0, whRe BRI REOR S 55 pb S € RO RS Qi SRS R

connect edfdih f SEOXIDONO: I13r(l)L<ef ahamflgefﬂrbladﬁugrtgl Eﬁl hatiolagitalbotinctidiul some
enbodi ments of this. aspect, nprises a single-chain Fv
ant i body 1%@uaogi(alﬁlllnaﬁﬁgrﬁ%yheraofe ;aétﬁaytﬂ%tqrti&c“{y 1degtieg]) tpythe, aiip aid body

and/ o5 eza%%e hh_l?ﬁ’gﬁQi I'%N?)‘?'TS, &'%ﬁ%%gg&%ﬁldﬁfg Qh%mﬁﬁllﬁ‘é‘ﬁ)g ctaﬁﬁI

antlbody Inhibits S|gnal rtaln enbodi nents
aspect, tﬁmchﬂalanimltmggpbdlus§m(ghaheﬁlefaforﬁmtalehsmﬂﬁ/ NERSpolidgpepdli tdethei t h a KD

of about 1 x 10-9 or |ess, ou 1 - or less, g

2011/ 0497 BBPETIIBICHEP 550 oHh dbSEC TN 4, Frin Sigemindiag onrh

embodi ”Enirﬁmﬁﬁolbgﬂcﬁlﬁﬁﬁ%ﬁ&nal iRgubElosntd H@giﬂelﬁ%@réﬁi h@l%ﬁst%%‘fﬂeh%l

bi oactivity in a standard in vitro assay with an | C50 of about 1 x 10-8 or

| ess, abots tht agin@a@dsequeaesas st ferbout SEQ 2D>N@0194 or ah @ggenthindiagioai n

enbodi nts t he L ssoci g om a human.NGF p p ide with
AL G e S R R e gt et R TR R S
a standar gichfical itd ki A6i%8Ycil dquédee 8RevRrREAIRTNEY NG5S0 5V ak U8 Sntigen-

binding or an immunologically functional immunoglobulin fragment thereof.




It also may be desirable to use anti-NGF anti body pharnaceuti cal
conpositions according to the invention ex vivo. In such instances, cells,
ti ssues owoanganag’sBhat have been renoved fromthe pati elrCTarseoeo0posed to
anti-NGF antibody 10pharmaceutical coipositions after which the cells,

ti ssues and/or_organs are bs ent]y | ant ed. back..into the tient
In particular, THR RPgeEe At PBodl aré@ﬁdbgl)ea‘@r. 5@Peﬂl%ygbtnﬁh%wﬁ Sbleerta. n
cells t ha%eg%‘é%r@@ﬁ‘cﬂmgﬁ{‘SEQC@ NOLN9i faeredespisivesy. TRIVIQES mi§ho@det hose

descri bed herein, to express and secrete the polypeptide. 'In certain

enbodi nenpsetentsal @D&@bhfgctrtasadlb@ atGamenabld tooubstnteen bedthst ammgd agedy abé
autologo er.ol ogou or xenogeneic..ln certain enbodinents, the cells
mmy be”; ok P9 85 o B ARy O P BB LR R ek chance
of an § mwmleqmrm&ork SS&RARS Bot IBnfel Wih MRYCDR s e et phedlife Avekd
infiltration of surrounding tissues. In further enbodi nents, the

encapsul agdorccrmmadatg sybgiitationsif eming adidofromshe porespording pesationsdime

pol ymeric I e e l e protein
product(s?ggphg&@éﬁﬁﬁﬁggég %ﬁs ?ﬁ@ﬁ%%%gb % gﬁbg%PE % h% egg%{f%nﬁﬁs i mmune
syst em or aftjbodiRervithetir kigaificaht fo@@td‘frtﬁefafﬁﬂi\t}t loe mnnhﬁmnﬁhgelgcity ssuas.

EXAMPLES 25The fol | owm ng exanpl es, i ncluding the experinments conducted and
resul ts aBWnayaibeds Selsciioneef vegious plqastivarimiee pridpmarde srdtoRreuste not to

be copgtr human
NGF prbt o g RS ol Bdieted R N0 T BB B PO BE R0 8 e o ng
of r Hu- NGeorqiind2@)s of afﬁmtﬂ' hpecificity otondennsiegpgen city, eraso df mgnifactare, NGE was
anplified fromc u3|n the ol i gonucl eotide prinmers with sequences as
shown in SBE (PIREE PPORSHIFSSEQ | D NO. 28 and standard PCR technol ogy. The 5'
priner creates an Ndel 5 restriction site and met hi onine initiation codon
i mredi at el y pr Bt algrayieoupbpdimertey aidpdiss of fie HyCHiien sdyhe fERIesseRdn 3!

A e .

W t h t®st partitulen aﬁtntdmlmscdaealsaeasd&dﬁ)r tansifoBamdin, oﬁmd;utthiﬁa nhargaaleajl hcmsto t he
vector pCENL656, al.so dlgeste th Ndel nd BanHl . ated DNA was 10
transf or nédi {90 S Dottty TonsBMaEth Gt s PRRBET! SONbABE. ver e
screened fcﬁ’éwﬁ Hf%th%’&'fbf fn¥oll QiR PAVESIEMRICE REQTRLNRBH, 1861981%% NfoPE t and to
possess a plasmd having the corfect nucleotide sequence (i.e. EQ ID

NO 29) . Tpakagmldheamla!nmmdnmea(yirus e m@(ﬁovnbalrvaﬁpr)mmdetmnmmél@ a.ﬂ.]Z@su s shown

as SEQ ID‘gF) The ex ressg c%or CFNHGSG é #6957@% s derived
fromthe { é(&%p?]és%lf%n V€P8F EYeFﬁnéégé‘?I} BEW T HOUS"PAT dhit ?‘\6‘ 85710, 473.
The pgdMLeonIfRED csalpatbwodezt ngllé,rmztdm 4936,1b besdCHIBEB @llagm d

(Patent No. 710,473) by: (a) destroying the two endogenous Ndel
restricti Biicki 4re élew;»y ems)rmraueri AT b TTRTIee YeredasRurpeRe) gkl lpvibe by

bl unt | endl i Gkl o RLalERLEPHA0 (L180 T SEONEDGAABRRRRCA MFrctitogue Aat

and Cal res rlc es con
for 1ntr0ducmg heterologous polynucleotides into mammalian cells are well known in

the art and include, but are not limited to, dextran-mediated transfection, calcium
25  phosphate precipitation, polybrene mediated transfection, protoplast fusion,
electroporation, encapsulation of the polynucleotide(s) in liposomes, and direct

microinjection of the DNA into nuclei.

A nucleic acid molecule encoding the amino acid sequence of a heavy chain

constant region, a heavy chain variable region, a light chain constant region, or a light

30  chain variable region of an NGF antibody of the invention is inserted into an
appropriate expression vector using standard ligation techniques. In a preferred
embodiment, the anti-NGF antibody heavy chain or light chain constant region is

appended to the C-terminus of the appropriate variable region and is ligated into an



20 pronoter with a simlar fragnent obtained from pCFM5636 (patent No.
4,710,473) containing the PL pronpter and then (c) substituting the small
DNA sequewoeotiauwesen t he uni que C al and Kpnl restricti @aTAiSC@s/09i960

ol i gonucl eotide resulting from annealdOi ng tvvo pr obes have nucl eoti de
sequences as shown in iﬁ? Q I D NO 31 E. coJ K12
host st raPHPERRTeYFCly iRy W5tey 13 yrseal] rSFk? Ve boroRioghh oy @articylag 2

strain), H&tt%'eﬂ%% 16R0 (1.0 te v&Rr is @@ﬂ@aﬂnﬂe %tlapihe%@i &1 m{BhiReryiu¥gr sity,
New Haven, C'strain 6159). Expression of rHu-NG-(1-120) "30E. coli

cells contlat mnnpbjﬁctdhlen NiEGEheeggme @séfloo axrossstr efche gas dogeriubed oabmwee)w wer e

0Dt 600°HPE R VCa 14O Hh o By (B %‘Eﬁ?@@hf*\%d%% B el 15

were WO 2011/ 049758PCT/ US2010/ 051960 76 harvest by centrllfugatl on at
four hours postYPRHDEt FHRESseRnYFClD tiad R5anyER t%&Oéhcelﬂsewvdlm%laa%t er mi ned

to be app&&fﬁbﬁ'&% &by g@asﬂ{?d %d-mteﬁeﬁfc@' AdNGr %‘quup%’ ahd 1%k 980 QfF erxg%eﬂﬂﬁf( 1-120)

Cell paste was lysed in a Mcrofluidizer fuged at 10,0 X g for 30
5 m nut espudlémidees¢@ieneas m&lsihedewenhe51%0dlleotxvsp¢y1mefarredcncu ascéﬂtamlilﬁglged as
above, and the resulti th cold wat er

hed d
oo e S al' Flh RemofndtRS oW b RD S otk "o lef 86dMEs) was

r esuspendegiiowingd @0 alksti @Nboquehdegua prémbRr, Hidb oM ThhsncBHs&uenccgORs ai ni ng
10mM DTT, and sol ubilized at roomtenperature for 1 hour, centri fuged at

10, 0000 x grigior oBaephaationsa wensctipféonsli fennrinationt saqiepess & M0BTIAHE yintfe ant ed

dth |
eno then izl 4 A 0 RISHIR Lo, SAPLALTLIR B L0t oovm
filtered Behfu@ﬁ@h fer Polpepdei bdced’tlonThte ribesoph b\ﬁﬁﬁngf)uﬂftbf hepblyisdenglagion

Sp- Sepharose fast flow col um using a standard NaCl gr.adi ent. The pool from
the cati off@ReIaAFelydinkemiseingdos insedge det nycleig ﬁélérﬁnﬁ%ilé@ thenRplWPSPEdRt s wer e

frozen -8QC; Tgng%eb déeg%d t%d0% s%{%c{aﬁfe H{aﬁée?'éﬂ'%ﬁgﬁ A(E?&?%?d[hps)é seglelgnces %oomaSSI o

SDS- pol yacryF gél el ectropnoresis and analy
bl ue sial discushed plowf i ed protein was greater than 90% mai n band by this
nmet hod. Exanple 2 20 Production of Human Monocl onal Anti bodi es Agai nst

Nerve G owth FeptionallyNGh vcbinagententdin Mab tandenshliivs Cseqlbdey il mam
nonocl onal antibodies to NG- were prepared using HCo7

oligonucleotide molecule located at the 5° or 3’ end of the anti-NGF antibody

polypeptide coding sequence; the oligonucleotide sequence encodes polyHis (such as

hexaHis), or another “tag” such as FLAG, HA (hemaglutinin influenza virus), or myc

20  for which commercially available antibodies exist. This tag is typically fused to the

polypeptide upon expression of the polypeptide, and can serve as a means for affinity

purification or detection of the NGF antibody from the host cell. Affinity purification

can be accomplished, for example, by column chromatography using antibodies

against the tag as an affinity matrix. Optionally, the tag can subsequently be removed

25  from the purified anti-NGF antibody polypeptide by various means such as using

certain peptidases for cleavage.

Flanking sequences may be homologous (i.e., from the same species and/or
strain as the host cell), heterologous (i.e., from a species other than the host cell
species or strain), hybrid (i.e., a combination of flanking sequences from more than

30  one source), synthetic or native. As such, the source of a flanking sequence may be
any prokaryotic or eukaryotic organism, any vertebrate or invertebrate organism, or
any plant, provided that the flanking sequence is functional in, and can be activated

by, the host cell machinery.



25 HCol12, HCo7+HCol2, and KM strains of transgenic m ce, each of which
expresses human anti body genes. In each of these npbuse strains, the
endogenouwsOrmouga9isappa | i ght chain gene has been honbzy@gowaisgoidiosrapt ed as
described in Chen et al. (1993, EMBOG&. 12:811-820), and the endogenous

nouse heavy chajn gene has beep honozygously. disrupted as described in
Exanpl e 1 of | BBk RSP oRaRePRE BT 9 ABET %%@}Sdﬂvqﬂ&spiwl?eoﬁﬁﬂa.e bo _
01709187 {hNEOERRFA G R \J}é?fEﬁcﬁﬂ?ﬁ?the'%é‘t@W%icélﬂ?%ﬁnﬁﬁg%%hé@'lﬂéf&ar“ es a
human kappa |ight chain transgene, KCo5, as described in

2011/ 049758POTMIB2B4E/ OBI0GOevAIFushr sHeitiftdeby amapifing 9d1d/ddabur esBictoechnol ogy

14: 845-851 The HCp7 strain carries the HCo7 human heavy chain t.ransgene
2s. desor i PR ies TP A RE Ml 1R AdIGH on BT SAReduifE

(i ncorpor aicaghpRipriaRf BEtHBES) endbhecl 485! 2nSohRi da s atheif$ nhél€ottdedediens man
heavy chain transgene as described in Exanple 2 of International 5 Patent

Appl i cat i 6h aptlBnkisaticawente. MO to1kooys7 Heite dhpdiakig byaucademachy. The
HCo7+HCo tl%eé;{z%ﬂ %ﬁl%%::[ﬁé ﬁgthgé?% @es&%"ed}tﬂ e7in %}qlutcﬂ?c #h%s%?egﬁao\@élo% | N
transgenes and 'S hemi zygous tTof each transgene. e mce conptrises the
SC20 heavy chai ransgene .as described in.Tom zuka et .al. (1997,, Nature
Genet | 16, 130 AR B0uT GRS Rafie MR Gl Tegh Kos! 53947 bi <

t ransgeneobgind@tusidpt peKaicetdei dhafh feablloPPER) GRHQ BRecrtd al %eﬂ_oﬁﬁ&ead
propagated as an indepéndent chronosone fragnent. The fragnment includes

appr oXd natibrayy pathve seftatte peebecsicmysaneligenucieptigo nadipn dlankiag exgianec human
heavy chagp ﬁlg&uﬁo&”&l‘e F‘s%hqt%goraﬁﬁo%?’ P i%?.d whiJeng .ffa%%"é% W@ @l o heavy
an otypes. | SP6F are

chain const region’i’s hese strai ns referred to herein
as HuMab Rri®en, alBagladdalofIDNUNéonadiniap s flanking schQegenaiybe ioldted flomnan

nonocl onal antibodies to NG, HuMab mce were | munized with purified

r econbi nakrgquarcere Pf VVA fthafniy copfain.clor | axamplea it FERE CESUSHET OF ©VeN Gener al

i muni zat | C ' I ' o) al .
(1994, N TS SRETEE -l MPRRIR B ScPRRithalt ko PRBA&I B 0

Pat ent5 Appigestaini tonprBdiadei thatpragrer TOVA WA ga&hP 4@Brvedt heisbméiohiuspg aghrosach of
whi ch are incorporated by reference). Mce were 6-16 weeks of age upon the
first inf&Si Shribea Rt 1 Qaken ACRUPTY i%@maé%%néﬁgaw% er%rPr( 58100 p)
of NGF anfjcgRls WaRwHSed he dKiMadNiazRat he Thd Mk bk Coft QAR nbpR&akb Y (1P)
or subcutaneously (SC). 25l mmunizations of HuMab transgenic nice were

achi eved easionylisimthigeurppse wibirhsl readslyFappanedt © cadjofi oedmarg nidlitinghd arf. ect i ons,
foll owed by 2-4 weeks |IP immunization (up to a total of 9 inmmunizations)
wi th the anti gam énigin rnfarplietion ks eymchlly aghartvanthosdSerodnglotidaxeressioce wer e

i mmunj zed for each antigen. total K of .118.m.ce of the HCo7, HCol2,
HCo 7 +Hb0 1 ¥ctors @uielpesdreq ere@lzé» %%P%la StiR ﬂ@%ﬁfﬂ@ﬁ?%ﬂw gEhe VBRET i nmune

response WashsRRA Offerk Btdr @ tRAELESRINoPL&RAR an origin of replication site, one
may be chemically synthesized based on a known sequence, and ligated into the

vector. For example, the origin of replication from the plasmid pBR322 (New

England Biolabs, Beverly, MA) is suitable for most gram-negative bacteria, and

25  wvarious viral origins (e.g., SV40, polyoma, adenovirus, vesicular stomatitus virus
(VSV), or papillomaviruses such as HPV or BPV) are useful for cloning vectors in

mammalian cells. Generally, the origin of replication component is not needed for

mammalian expression vectors (for example, the SV40 origin is often used only

because it also contains the virus early promoter).

30 A transcription termination sequence is typically located 3’ to the end of a
polypeptide coding region and serves to terminate transcription. Usually, a
transcription termination sequence in prokaryotic cells is a G-C rich fragment

followed by a poly-T sequence. While the sequence is easily cloned from a library or



WO 2011/ 049758PCT/ US2010/ 051960 78 Briefly, mcrotiter plates were coated
with purified reconbinant NGF fromE. coli (Exanple 1) at 1-2 pg/nL in PBS
and 50 plweebiiidsprsabat ed at 4C overni ght, then bl ocked wCrhus2@0/oplobmel | of
5% chi cken serumin PBS/ Tween (0.05%62 Dilutions of plasma from

NGF- i mmuni zed m ce re add to each well and incubated. for 1-2. 5 hours at
anbi ent t@ﬁ&ep%e%ﬁsaﬁqm@em@fyegs Dt @P feShios Hictha %FW%‘EL’ %Yﬁihetsﬁs%
I nc_ubat eduyihg Hle@ho%%r‘rﬁefeic‘ M?;!htﬂeﬂfs; stisn sP86id dSclavelenal reagent
conjugated to horseradi sh peroxidase (HRP) for 1 hour at roomtenperature.

Pl ates were ""aﬁhgﬁ%c 'bflé‘ &aﬁ?@r%&%@’knﬁ@&s@@f&?&h%g%&éw di:'ar IRALuANG! ahyman | 9G

Fc-specific polyclonal reage conjugated to ho sh peroxi dase (HRP)
for 1 hougrostth b6arhobtesyblegratvurie a sgctifd arltunashkidng. Thecqlsaleesommatkedevel oped

i th ABTS bst Si. ical Co., St. Louis, MO Catal, No. A-1888,
0. 22 ) SRR ISP YR GieCtr SRR o cadr b riohE o8 cal
density ( %biﬁ:ﬁﬁn,v‘@elﬁ!:fdﬂﬁ%h or &ﬁmﬁé-foﬂ%ﬁ)gamoﬁhﬂ &%t Wi (%chlghff)-!e%gntt iters

of anti-N uman | munogl obul I n 'were used t'o produce nonocl onal anti bodi es

as descri bettivphiowlcfitEnGenef tticol, @f(chypplydones! putodetsinngatwlrble froomoc! onal
anti bodi es to NG .ce re pr d for monoclonal anti bod

o oduat i oRoBRiebgbdsineg edin BT EaReRREPE et B S Bt e i 11 ce,
and spl eepgeletiR r@pBh tRe5@Add Sfone. ThAIMIKS EtcBRERNAEY t@StMRE € Fbtfe@! ated
fromthe HuMab m ce and fused with PEG to a 20 nouse nyel oma cell |ine

usi ngl&t aRdarageovslyconsomyyipiresastinee geoe 2oLyfalsd bhysddofor seleeticanini byl wer e

per f or med . | ef) i,ngl el | suspensions of splenic | ynphocytes
fromi mmglfo%(glaloﬁlcgf’éd \%lekra q‘t%s@gt C;aetl)lg'one-fourt h t he nunber of P3X63-Ag8. 653

ti | I I's (ATCC, A ion No 1580) with 50%
PEG (S gy COMRE sOBhE Befip Bb e PR e S PTG T oid: o
bot t om m angdliffc@fioP i@ HRS prob&s! KNGEinbYerRDAHAt &rctrdBuivgieorl Ilb;tgbl@cﬂfoh%‘f hn

sel ective medium contai ning 10% fetal bovine serum 10% P388D1- (ATCC,
Accessi onpiadein GRILICT] BoByovetbneli ©oplbnwavineld pignyeiRrasod o j tgedeny IVGENY the DIVEM

(Medi at ec I CRL 10013, wi high glucese, - Lal utamn nd sodi um
byr uvit ) e RN @n Aol RioeeRhvs RGOt Do Binti IR o e nEhp s T e

gent anyci pelédigblt xnakdéeTs (oo rgaramakiat edlegdndNode GRdiBfo1d89pduchist €DHERS angeks,
cells were cultured in nmediumin which the HAT was replaced with HT. WO

2011/ 0497 89nEterlyse chonuso smayy genes.  Mapampliagy cell AgnpipppaEs mae Nhisee
. t : — est A N al
we o wer ot BB G2 BBl bhGPHS SRR AR, ATy i Lpdue

nonocl onaburkyG antirtho dif else sclrtcebl e xtenpicyent hiry ltid e, oSadendtion geessuread, nedi um
was itored yspally after 10-14_days. ti bqdy secreting hybridomas 5
wer_e"?(gm ieRsed SBY g Blingg & tRlorR el uBae (PULPER Rurteich g

anti - NG poepr ARl o AMIERRE! £2n1 eheS HRAAN G s@locdsBR%) ifdfda38d, ifiedebl ti NG

dilution. The stable subclones were then cultured in'vitro to generate
smal | anolmtegdd thampbdyation ¢of bahdehe sé¢leatalde geud and flor DNAa that tececddeat i on. 10

Sel ection of. Human Monocl onal  Ant i ies,tha ind. to N An, ELI SA
assay as MR BOM AHGVE wACSERY ABTSERELE P RYbIEBTRs Anarbned
positive pRaGbedhlantiiks Bf NGl pIPEMOURR. asknbitINGES a6 f £ tat gyndh d¥RR@C| onal
anti body that bound with high avidity to NGF were subcl oned and further
char a2 er frigexthe eppliEpdR&A.r om each hybri doma, which retained the reactivity

of
A ribosome-binding site is usually necessary for translation initiation of

mRNA and is characterized by a Shine-Dalgarno sequence (prokaryotes) or a Kozak
sequence (cukaryotes). The element is typically located 3’ to the promoter and 5’ to

the coding sequence of the polypeptide to be expressed.

30 In some cases, such as where glycosylation is desired in a eukaryotic host cell
expression system, one may manipulate the various pre- or prosequences to improve

glycosylation or yield. For example, one may alter the peptidase cleavage site of a



15 parent cells (as determ ned by ELISA), was chosen for making a 5-10 vi al
cell bank stored in liquid nitrogen. An isotype-specific ELISA was

per f or redwodaodeuersai ne t he i sotype of the nonocl onal anchase@s/opreduced as
di scl osed herein. In these experi ment@®, mcrotiter plate wells were coated

with 50 pL/well of sol /m_ of use anti-. 20 humgn.kappa

i ght chaPHUEHep el RiDidh: 68 @@maﬁ encseV HiChREse gt @ﬁfe%gb@pe?;ﬂ@tl% th 5%
chi cken sepy mnaltﬁ}etem ﬁ%@&t"fﬁa{yeha{v%aﬁttﬁg %mlcﬁyf%ﬂ% Rthe FE@MBRS Reig est ed
monocl onal anti body and a purified isotype con Pl ates were i ncubated
at anbi enof t@nmehm prageihipond -02 rmmrasidltmmel waitosacdy ercideah to ezpressgonai t h

vari ous hu nggﬁl fi hor radi sh per.oxi dase- ﬁnjf?{%g oatdantl - human
pol ycl onaiW e &g WY E d& Ve PP alid PiUEY HeWEscr i bed

above.5  may Mszzeoeﬂeoalakw@rmmh@cucﬁﬁr@wde@lmcf iPAhd Peptinabs icai@zcSHREr nat ant s
t hat shovved SI@(?I’]I ficant binding to NGF as detected by ELI SA were further

test ed f opttdshed ¢gitkapmietticyninys. us‘%ltﬁ@wélvvlezs ugg 9f @¢m9|eea§§w§aa@ed%@én bed

bel ow. 97 1 I ti- NG
Ant i bodi es aénq%#ltﬁgt e‘ﬁ%ﬁwﬁégé@f Quélz?gfﬁ‘ge 11%8 p%;f>5 peBgde Qﬂ%lgeg& l;’i!t\glleness of
the anti bﬁ)tdsjuel'iateﬁlw‘zltlﬁlh’[memﬁﬁﬂ&tpolylﬁﬁtidid] Exarrpl e 2 as inhibitors of NGF
activity (i.e., NG "neutralization”) was eval uated by measuring 5the

ability of eachxpRgiiéd @ddP@ehihgevderdloPClhe NeerdtUGHIl Qppiedllyy 2Bhtaln0kd
receptor-1 (VR1) expression. Dorsal Root Ganglion Neuronal Cul tures Dorsal

r oot yhngptoanqtmh;}t ipegeegaized by: thechashergayiswrrad npgeblyakeksdite theomdleeilons 10

fromal | spinal egg%ﬁ Pm;n ﬂ:{Btdr yop{rogn%]tgrs u%tr%ns(cli;i[%ga tsg(?&e%céﬁ Fotcamr €

surgically Te us o regnan

anest het i apdre&r(@agus: )Iﬂavﬂeesyarf aid‘a)n(o&:laafrhaaraﬂ?gme:r(,gerwrhlm Wghmrh,boWOO tBRG wer e
collected 1n ice-cold L-15 nedia (G bcoBRL, Gand Island, NY) containing 5%
heat inactP¥htR) M seone] yHpperpEYBRY) thantrustiyal 58 coABIISY edEi ssue

and bl ood,, ‘- and
SRR uleB TR he o 1Rp s RTHARER ¢ BB MFColMERE )
The DRG weroendtéren Iddwsside |pﬁbrﬂotersrmmasd hgfeesezie]ekzels wé pensdrpiion Srang DENpapai n

di ssociatio stem (Worthi ngt on Bi ochem cal Freehold, NJ). Briefly,
DRG wer e Pﬁ%ﬁﬁg?léd?op ol mdfeé%‘gPF df 9BICuEHBR é%r?flgﬂﬁ)% sy dBEney fich s hspain in

Earle's Bpladfedr 88dchcSOF é’hﬁt?i@nt((ﬁ%sc@angé idtéfap El%'furé' tbﬂstﬁhﬂétﬁ%mo?egs Cell's

wer e dissociated by trituration through fi re-po I shed Pasteur pipettes in a
di ssoci at Dmﬁlerrémrdmd,omsﬁognlyrtgan@mbmb{mblcmmy dre dperablydinktd,dbasnsicoi d

The i sl BAoCE! e (Fie! SoF SeBn D00« § FF ALOLoh paramokit

r esuspendedo} Iﬂz&i?@sa eeﬁet%Nap&@ntial N4t IEe1 19 \eeWeIR kowm hAbjult@le plonidteits
oval bum n and 25 005% Cel | suspension was centri fuged t hrough a

gr adi ent gmr@hlvdwke@)m HicrPNG cngodige hcavvdmwircen ghtrohribi cosrprisme %garm
| b el
19 :/ ?t e lrJ 21 d nP]{ﬁrFo %%}%O)gy %é -tftggmm%I ﬁ% n n’Z ‘%ﬁ?\;ﬁg% ég}og ntf%rqnq ?ﬁ)er Ilgi%fr %u rAg E§ " PA) to

renove anyesﬁ‘iduﬁﬁsenzﬁﬁb|d1g’&$ﬁbﬁl’andaﬁsdﬂﬁﬁ§ﬁh’ﬂ desﬁlrew ﬁrhmatelﬂeseqmnberfmbeﬂm and
cells were seeded into poly-ornithine 100 1t/g/nml (Sigma, St. 30 Louis, M)
and mouseV¥4®inin 1 1t/ g/ m (G bcoBRL) - coated 96- wel | plates at 10 x 103

cells/well in complete medium The conplete nmedi um consi sted of m ni nal
essenti al nedi Smt{lERyoragtersHamuse Mith yeest hossepiccilbe well krpovnmihe art.

strept Ony%iegst enhancers are advantageously used with yeast promoters. Suitable promoters
for use with mammalian host cells are well known and include, but are not limited to,

those obtained from the genomes of viruses such as polyoma virus, fowlpox virus,

adenovirus (such as Adenovirus 2), bovine papilloma virus, avian sarcoma virus,

30 cytomegalovirus, retroviruses, hepatitis-B virus and most preferably Simian Virus 40
(SV40). Other suitable mammalian promoters include heterologous mammalian

promoters, for example, heat-shock promoters and the actin promoter.



WO 2011/ 049758PCT/ US2010/ 051960 81 (100 jug/nml), and 10% heat inactivated
horse serum (G bcoBRL). The cultures were kept at 37C, 5% CO2 and 100%
hum di t y.wBantigaatssol | i ng t he growt h of non-neuronal celPCT/US2010/051960

5-fl uoro-2' -deoxyuri dine (75 tiM and4uridine (180 tiM were included in
the nmedium 5 atment with NGF and - NGF . Two hours after
plating, cells @nelr@a@@wwg?hrra%yo %@Fﬁre%mweiéuwneh ﬁ<§ Br
reconbi naBV4()aéarl%?’3pM§FotérR§é%r§M§tt end .cilhHRRaRk 1 SN MN) 28b: 3@491@5&@@’1‘(/6“ ion of
10 ng/m Positive controls conprising serial-diluted anti- 10
NGF ant i bpoynqt®80 h8ysee ut /. vxb%é &ped. i1 d!. tArada Al 6ah- @62101 &teepmfﬁemr

ant i bodi es wer e, ad d a centrat.i.ons usi ng 3. 16 eri al
di | ut i ons OAM Pe%fn %Hﬁﬁ r&PE| Ogtlg SiHT@ YIELES ’b%tf‘blr*e bei ng

added 50 b, @élzztzzrm 9MHNEaP&E thomidihdRINMASprdholt@ YhagREd &1/t oS FSHF enent  of
VR1 expression. 15 Measurenent of VRL Expression in DRG Neur ons

Cul tures Wetledfidkelrinihhd4T8padhf ok mapmety dadiiagHaioks schrneaicEeamsart

I d Pi ford,
) PEBURRS o DLOSE At PRl Bl UL R
(Si gma) - bplfofneﬁaé saél |aslehe( b&s)ladtahasengomoter (Xiilla- H@mwﬂpﬁaat 78, Pewid.t ur es

were rinsed once with TBS 20 containing 0.1% Tween 20 (Si gml% and i ncubat ed

wi th rabbNetladeqd We1 U-gd 7383 73h s 1Ry tB%&Crmpmowé&PgB%r & gbm Y Bmpérat ur e,
fol | oyed patg.o f 4 Eypl ed igF" cepnd I 1 ac
Oy, le,ﬁkumgl % d?klf glr] géélnelgipiongﬁg rjjgggm tfe%ppeg%%t%rgeﬁg fﬂﬁ%&%‘l}{w{@r\{\gs (3 x
five m nutresscriptionas comrd fregiomyg v hier exhatpplissed spffcnﬁmtyemxdhlaaaﬂoehouiydlzed

i ncubation. Enhance sol ut on 150 pl /wel |, Wl Qy) was added 25 to the
cul tur es. TriETSERTIE AUER e SaSHaY 11gac tcﬂ%tHOIrFE%’QBrtB%f P RCEVS THRACELECy ed

f I uor omet geind MallsaGwi) er MR RAPIEHSILE3J-6:SBRRILS LI, e?és%d oM fsph*ag
modi fi ed peptides was determ ned by comparing to a standard curve of

titrationfarlmQupl Qoannglat 30:FE- é@ﬂl(l%ﬁhﬂ\b&cﬂ)wald{ d;%%ﬂpdfeedtal’agyrﬂa‘ﬂ@ﬁﬁum

i i ihit f NGF ffect .VRL. i
Gt o ned Dy e fgetsnsghicEan Py AR RePBtiale ke SF e 0Tt Mot
are givenio8y, M@SS 131830 %; the WAnZ@hbhloB4E 28RCIsdd20Q 61951%%%&2@ in The
cell lines were | abel ed #110-#129. Antibodies fromcell |ines #119, #124,
and #125 bemheit sellsdGressehcedhet 4. J9BAEe/NEBOHERr Aflammest 4t 9. A%%5, Watye(Fi gur e
1 The # | | 44,
The #130" SHSE53L AlRRdiRe. 2. FAEENA CPF diol \ PPIIEMRIE RIREL S

addi t i onatunsanphe cbnsh refienahidtds BelveSn \tesaiculan mpedss |1ytgplmmran@lmt R4 (4D4)
was grown and | abel ed #167 (4D4), Ant i bodi es generated by, hybridoma
#167 tUDAfLeReF ¢ udpERted! @4%@% hrer I P esie sAnBalsisgiondat e a¢tHa Nz at i on
assay as {ihg (\ﬁ/"ﬁrﬁééhoé% 1S ABRY e@eneﬁ%ﬁdbﬁgyel#ll?@s@ %H%été %t@ﬂ tong
anti-NGF activity W|t an 1'C50 of 0.50 nN(Fi gur onsi st ent
with the eattiolirtgionthas anpities i Ly, (Kkh@dgufand!. #]1% MHzieCé]@dbbl v5 1635 of the
4 sanpl es4§l;r ﬁar%?n%‘?"lt Ia?., -[sg,eSc%énce 235:53-58); the alpha 1-antitrypsin gene control

region that is active in liver (Kelsey et al., 1987, Genes and Devel. 1:161-71); the

25  beta-globin gene control region that is active in myeloid cells (Mogram et al., 1985,
Nature 315:338-40; Kollias ef al., 1986, Cell 46:89-94); the myelin basic protein gene
control region that is active in oligodendrocyte cells in the brain (Readhead et al.,
1987, Cell 48:703-12); the myosin light chain-2 gene control region that is active in
skeletal muscle (Sani, 1985, Nature 314:283-86); and the gonadotropic releasing

30  hormone gene control region that is active in the hypothalamus (Mason et al., 1986,

Science 234:1372-78).

An enhancer sequence may be inserted into the vector to increase transcription

of DNA encoding light chain or heavy chain comprising an anti-NGF antibody of the



Table 2 Anti-hNGF activity in DRG cells using 0.38 nM hNGF Code # I C50 119
(from124) <1.2 nM 124 (parent) <0.57 nM 125 (from 124) <0.3 nM 167 (from
same sanpwe 2as/278* 0. 50 nM N Term nal Sequenci ng andPERAS28pAstIs@Met ry
Purified anti-NG- hybridoma anti bodi e sanpl es were prepared for protein 15

sequenci ng and LC/ anal ysi s. t.i bodies were. purified fr condj ti oned
modi a by DOREEM PAOIEAG EHETYR: Q’Ela}gapﬁgs AFA %‘ﬁc%‘g%ﬁlF’inﬁ?téﬁ-f éﬁ%nvwahy he
vol une vagnd @SR bplt Mgt Bl Gt G IR BANIHARTARLR)sC! faistrisish, vashed
4x with PBS and a 50% slurry made in PBS follow ng the |ast wash. An
appropri aEehangowsrare oflatilyp Ariewtation and position independent, having been found at

positions both 5’ and 3’ to the transcription unit. Several enhancer sequences

5 available from mammalian genes are known (e.g., globin, elastase, albumin, alpha-

feto-protein and insulin). Typically, however, an enhancer from a virus is used. The

SV40 enhancer, the cytomegalovirus early promoter enhancer, the polyoma enhancer,

and adenovirus enhancers known in the art are exemplary enhancing elements for the

activation of eukaryotic promoters. While an enhancer may be positioned in the

10 wvector either 5° or 3’ to a coding sequence, it is typically located at a site 5° from the

promoter.

Expression vectors of the invention may be constructed from a starting vector
such as a commercially available vector. Such vectors may or may not contain all of
the desired flanking sequences. Where one or more of the flanking sequences

15  described herein are not already present in the vector, they may be individually
obtained and ligated into the vector. Methods used for obtaining each of the flanking

sequences are well known to one skilled in the art.

After the vector has been constructed and a nucleic acid molecule encoding

light chain, a heavy chain, or a light chain and a heavy chain comprising an anti-NGF

20  antibody has been inserted into the proper site of the vector, the completed vector
may be inserted into a suitable host cell for amplification and/or polypeptide
expression. The transformation of an expression vector for an anti-NGF antibody into

a sclected host cell may be accomplished by well known methods including
transfection, infection, calcium phosphate co-precipitation, electroporation,

25  microinjection, lipofection, DEAE-dextran mediated transfection, or other known
techniques. The method selected will in part be a function of the type of host cell to

be used. These methods and other suitable methods are well known to the skilled

artisan, and are set forth, for example, in Sambrook et al., supra.

A host cell, when cultured under appropriate conditions, synthesizes an anti-

30  NGF antibody that can subsequently be collected from the culture medium (if the host
cell secretes it into the medium) or directly from the host cell producing it (if it is not
secreted). The selection of an appropriate host cell will depend upon various factors,

such as desired expression levels, polypeptide modifications that are desirable or



(approxi mately 5ug antibody/ ul resin but use no |l ess than 50 ul resin) was
added to 20 the antibody sanple and i ncubated overnight at 4C. The Ab-resin
m xt ure WO 20ei4p7SBuged and t he unbound fracti on was colPCeatSea.o/08f9ber
addition of 0.5 m PBS and transfer t@ a 0.45um Spin-X (CoStar) tube the

sanpl e was centri.fuged at 10000 rpm for 3 min. Tl‘\g.r sin was x{. washed at
Teast 3t RFRESSARY {35 UK SupBES SHEODIEIPTAT iotfogy Jieiand S0 noldiag added
at 1.5x voldinBifbeib R Rtidbfholgubated for 10 25 minutes at room tenperature
foll owed by another centrifugation for 3 m nutes at 10000 rpm collecting

t he supernat an This el . Lot kB i
2011/ 049758PCT/ US2 jgdflo‘!fﬁfsalg%g §§£lg‘ﬁéﬁm€sﬁ%ﬁ%¥)§g%’g@ﬁ%ﬁe svﬁepl)lé% nat alr?m\e/vas
neutral i zed andtinclhd@5hht arolnemdinafed1to) idvhiortaBzddpetiB1idgs. available Rbmethea fi nal

fil i h Spi. n- 0, 2. h i body v
qluatnte H ingé‘StnEFg Cﬂ‘tb T&%E ?(glﬂgjéggyv@tegﬁ%fﬂ%ég‘gaﬁ’c@i%ﬁﬁﬁ%nﬁnégg‘%@m@%t andar d
or 5 alteppaiiel 8\7&9%@?1@3%135,3%@25%1&9Baﬁﬂﬁﬁﬁiteﬁﬁﬁﬁéﬁ@ng) lehs(‘?@(ﬁ]k% SO run

using with 2ug of each sanple al ongside 2ug of hunden Ig Sigma). For

mass speckidoaeteels (€O8), mirgaro hepatecctfilar eramm esllwwée.g, dbgl Gehsayidaned,
reduced, and, | oaded o an HPLC .(HP.1090) on-lj.ne linked, t Fi nj ngan LCQ
mos spechl BREEATICrRE! fnEndh SHEHA M0y S bR R ay LR o by
reversed p&eseintARLEhicl Rell 1ing8hafdRigh % xprdsiBe 8% s 1LENnBSuMRs1E pddRe _
collected for N-term nal protein sequencing anal ysis. ~Both N-term nal
sequehtesaffbodive WwithgNGFdHading ardericsy yn epether abadimenamrpeleling fram the NGF #167
(4D4) ant Kbogdy;: e erm nal \ ne¢es, of anpl f _anti- NG
110 (apal it IGRkS DR 0 B i 1 REh EBHACEGTMEL bR RE kR B anes

i ndi cat edsddaat athberdls@ustatdbantdahodiseiscttd.om t he #167 and #119 hybri domas
were the 15sane. The neasured, deconvol uted mass (23096) of the |light chain
of anti-NG- #1G4tiB&dieSTthE IR cABGSME @GRS dbi NG‘Ffithﬁo%ibzgﬂﬁmg]é@! n of
anti NGF Ab #119. doning the anti-NGF Anti bod avy and Li ght ains The
hybr i domaaedk geati§eaignt ¢fecalis g tpsuesnihatnmedaen NiGiy prateine | Adridiodzstafbibey

15  invention that specifically bind to NGF may be useful in treatment of NGF mediated

diseases. Said antibodies can be used in binding assays to detect NGF and to inhibit
NGF from forming a complex with NGF receptors. Said antibodies that bind to NGF
and block interaction with other binding compounds may have therapeutic use in
modulating NGF mediated diseases. In preferred embodiments, antibodies to NGF
20  may block NGF binding to its receptor, which may result in disruption of the NGF

induced signal transduction cascade.

The present invention also relates to the use of one or more of the antibodies

of the present invention in the manufacture of a medicament for the treatment of a
painful disorder or condition caused by increased expression of NGF or increased

25  sensitivity to NGF in a patient such as any one of disorders or conditions disclosed

herein.

In preferred embodiments, the invention provides pharmaceutical
compositions comprising a therapeutically effective amount of one or a plurality of
the antibodies of the invention together with a pharmaceutically acceptable diluent,

30  carrier, solubilizer, emulsifier, preservative and/or adjuvant. Preferably, acceptable

formulation materials are nontoxic to recipients at the dosages and concentrations



20 4D4. D7, was used as sources to isolate total RNA using TRIzol O reagent
(I'nvitrogen). First strand cDNA was synthesized using a randomprinmer with
an ext ensworroudaptser (5' - GGC CGG ATA GGC CTC CAN NNN NNPE3/US2¢1888 960 NO
33) and a 5 RACE (rapid anplificati oif of cDNA ends) preparative assay was

performed us cerT Ki t (InV|tro according to instructions
fromthe ?@Pl?é(g‘&f gletgﬁegqrr IRpET RRATRGR @&e@@%‘?ﬂ“@ﬁa‘ﬂ@éﬁ&’@d?ng cDNA,
the forwaﬁféra{f%ht@&ﬁlé‘%%cﬁ\t&n%ﬁ%@&ﬁf ﬁ@ﬁ‘ﬁﬁ%@&ie@éﬂerﬁ%wd&f‘d the reverse

prinmer was 5 -GGG GIC AGG CTG GAA CTG AGG 3' D NO 34). For preparing

cDNA encodi ng {h i akbEdihRdionef rpééﬂiﬁ ﬁ&ﬁﬂﬂ%tl&ﬁ‘%&mﬁl?e%ferr% .?aé%” rrer

was the GeneRacer nested primer a e reverse priner
TGA CCA CAahtxid'to (cSh@ridOatlthe 863a8&) andRAGEEnmatciscdnsplayarde ¢l oned i nto
pCR4- TOPO (I nvitrogen) and the sequences determ ned. Consensus sequences

were used to desi @ptaliy | diSoRlirh&dts,f Whd -praRgideuandli beyoditiadi nmBRCReontain
anplification. A WO 2011/ 049758PCT/ US2010/ 051960 84 For preparing cDNA
encodi ng AnaTulation naerighy for Apeadiiing imaipEming or presavingdir SKIHRIE, BAGSHed t he

an opt i m ARG i8R D0 SRS ke oy SFR SRR R G
GGI GCC CssollorGoT  (Sehs€hals8iptiobEQY Iplanétlfatloﬁ Bﬁ)the Toenpdsitipn.i méi seoboded t he
(5 CTT GrobRHEC AR CREMTsoDeT AT o b fordgryrbNGmSY) - The
e
resul 1o ngaBGR chﬁdéécgl f:fn@g mifRS a sﬁﬁfa'giﬂee%r 1ﬁ|fnge§rt ind tfnltlﬁgétlobﬁ'&d Sal l,

and then gel isolate and gat ed intothe mm I a expreSS| on vect or
pDSRa20 ( swexidungr (rich cavahscAppd iacat, i sodjunPublfite airi sdivdo. hyd®@0/u8B6B, 10

whi ch is he corpor at r ef r.e f.or, an rpose. pPDSRa20 was
pr oduced By % asS IeERe e rainseEi A boeReS Mo e g e o an
" Adenosi ngciddy b‘élll%n@g %%E@c@tﬁgchmdﬁ %ﬁﬁﬂl@t@l Q)ir)%lycmecgf-_2 chERFinPr LAk 1 REctE BNA

encodi ng anti - avy chain pri mer encoded the am no
t er mi nus dﬂlytehedlsmgwmet@wuen@ed (EETX%I coraplekingt @gmtsmuelmwrreaf&lmee and an

o G R B EHANGS pEa-o X S Mol - SRl HESa I E R T O 16

car boxyl hhotadtisares dieicohaalts;amdcab@carshydeids (a@chaassg’ih&oseeﬁltaﬁndsél on site
(5" -GCA TGI CGA CTC ATT TAC CCG GAG ACA GGG AGA G 3'; SEQ.ID NO .39). The

resul ti ngOpfodiey: NateuEreh weerum ghynin selath @ommmogiobalitg) ¢olorig,

i sol ated u mass
(23099), ﬁQQod-I ﬂtgg?ﬁn(f (r%helg% %%}g%’g : a{| ngmgh%eﬁ{&c Ihe/((%l'rtoipth-‘l;hg01 Igllr:llge Stﬂ %1?%? edi cted
am no aci gelyamgipgddiidend) opet hxetecuhe wmgtewll@epu\Msg MISfMIﬁgﬂmMrMS aci ds,

of the DNA sequenc of the Ii anti - NGF 4D4 cl one ma ched t he
Teasui®d RHER GBS ?@5 PYrESY Veﬁa g {)? pipim ﬁﬁ@%a@ﬁ?@ac a

deconvol utagyBSaci49thifro@d], t n@ﬁi’fWal%'l?dln ﬁ%m@[ﬁakabdg Mot ﬁ%@&béﬁit ched

t he rreasured mass (49484) of t heavy chain of ant 19 and al so
mat ched thIdOImemimwtlmlblcna@é ()mgkystb)gemf perheidENAsdeenie r(sechofas t glgcdremvy chain
of anti-NGE 3) within instr nt al . devi atlon The data
of It er nPISRNRBE ohterol S gt oahel e e st 1A (kS0 TP H S #150
expr essedsdrBRols;aBp&dlid DA ts2 SulTydedtel 0 et TagechR @6 44 pRroridye PEd, cul at ed
mass of the antibodi es based on sequence further confirned the observati on.

WO 2033/ 049 YE8PCHWS2 0205053196 0SBE  Tabpdy®rbatsyramplyserbmgs S0Spiiéar: omet ry
Fi ndi ngs tromethamine, lecithin, cholesterol, tyloxapal); stability enhancing agents (such as
sucrose or sorbitol); tonicity enhancing agents (such as alkali metal halides, preferably
sodium or potassium chloride, mannitol sorbitol); delivery vehicles; diluents;
excipients and/or pharmaceutical adjuvants. See REMINGTON'S
30 PHARMACEUTICAL SCIENCES, 18t Edition, (A.R. Gennaro, ed.), 1990, Mack

Publishing Company.

In certain embodiments, the optimal pharmaceutical composition will be

determined by one skilled in the art depending upon, for example, the intended route



anti NGF Ab Measured nmass of Ab #167 Measured nmass of Ab #119 Theoreti cal
mass derived from DNA sequence of Ab 4D4 |light chain 23096 23096 23099
heavy chawo 24040497589484 49484 5 Exanpl e 4 Expressi on ofPCAUS2e1NIE@HF960

Anti bodi es in Chinese Hanster Ovary (@8HO Cells St abl e expressi on of

the 4D4 anfi-NGF. mAb was achi eyed by co-fransfection of 4D4-heav
chai n/ posgé PFERIYP ARl mah ;5%@;%15 P ardoNGE RABBY pOSRal 9
plasm ds RENMINGTYROHOARNA CEOHEE AS SEASN AL R /(D Redtaif REIHIHI S,

such compositions may influence the physical state, stability, rate of in vivo release

and rate of in vivo clearance of the antibodies of the invention.

5 In certain embodiments, the primary vehicle or carrier in a pharmaceutical
composition may be either aqueous or non-aqueous in nature. For example, a suitable
vehicle or carrier may be water for injection, physiological saline solution or artificial
cerebrospinal fluid, possibly supplemented with other materials common in
compositions for parenteral administration. Neutral buffered saline or saline mixed

10 with serum albumin are further exemplary vehicles. In preferred embodiments,
pharmaceutical compositions of the present invention comprise Tris buffer of about
pH 7.0-8.5, or acetate buffer of about pH 4.0-5.5, and may further include sorbitol,
sucrose, Tween-20 and/or a suitable substitute therefor. In certain embodiments of
the invention, anti-NGF antibody compositions may be prepared for storage by

15  mixing the selected composition having the desired degree of purity with optional
formulation agents (REMINGTON'S PHARMACEUTICAL SCIENCES, supra) in
the form of a lyophilized cake or an aqueous solution. Further, in certain
embodiments, the anti-NGF antibody product may be formulated as a lyophilizate

using appropriate excipients such as sucrose.

20 The pharmaceutical compositions of the invention can be selected for
parenteral delivery. Alternatively, the compositions may be selected for inhalation or
for delivery through the digestive tract, such as orally. Preparation of such

pharmaceutically acceptable compositions is within the skill of the art.

The formulation components are present preferably in concentrations that are
25  acceptable to the site of administration. In certain embodiments, buffers are used to
maintain the composition at physiological pH or at a slightly lower pH, typically

within a pH range of from about 5 to about 8.

When parenteral administration is contemplated, the therapeutic compositions

for use in this invention may be provided in the form of a pyrogen-free, parenterally

30 acceptable aqueous solution comprising the desired anti-NGF antibody in a
pharmaceutically acceptable vehicle. A particularly suitable vehicle for parenteral

injection is sterile distilled water in which the anti-NGF antibody is formulated as a



10 adapted Chi nese hanster ovary (CHO cells using a cal ci um phosphate

nmet hod. Transfected cells were selected in nedium containing dialyzed serum
but not cwotaimi4pFshypoxant hi ne-thym di ne to ensure theprgranedonsioeel | s
expressing the DHFR enzyne. Transfect®d cl ones were screened using assays
such as ELISA in order to detect the expression of 4D4 anti-NG- mAb in the
condi § 1 onS8r e PR Sﬂ%l&loilsprql?ffé}ﬁ BESCTERGr éls%qrﬁal ey E e SIRPPEEPRA t o

i ncreasi Ngy CRRGRALEATIANRBH oTRl@lsreX BlofectMIWikh bR agQiﬂFﬁcﬁraphﬁjEéé%Ei on. MIX

anplified clones were screened using assays such as ELISA'in order to
det ect hi ghepspxmsesigicordible padilanpélyNErc netbpdunds ksich endolylashedcidedi um  The

hi ghest expressing clones were.subjected to subclonin 0, Obtai n. a
nonogeneolaY ERptiarrdh Sd® o oot hit M BiRke JeREelit St viafe - nor
anti bogli escl@fse tdFetheNyRALEOWhEAN chE bYel@rat@d vig dégot NaRetifANBe be@Mary cells
deficient in DHFR using the same protocol as described above for the

anti - NG- mbhedimsnil haptrasedgeidTmey DN Bedquehcayitndsdriierttafepionwphet e heavy
chain or Liahte£88LAc0%n %%&E&ta{i‘d\.‘@ 1&%&5&?‘1%94(11&1“& ] M@ﬁﬁtﬁﬂ@ cﬁ{lg cl oned
into expression vectors. “Cel't's are Co-transtected w anh expressi on
25 vect or ddapaplie/iak nexiicassd nginaodwirphetilkeanybglyandlcand an expressi on
vector expressing the conplete |ight chain of the appropriate anti-NG-

anti body. For pxafpleutich @efRkRbes t e tAdt imMEomrNdah oY forgRildted afoe _
co-transfected with a vector capable of ex ress;ng,a conpl ete heavy chain
conpr 1&i niphekdonni nly dbesg sahodmantss arteNGloratiibpaicsEae| PANMtageoudnd a
vect or capah of e essl C lete Light ehai . .

2011/ 0467 BB B G B BT SR Gl W kR i e e
forth in Hhelatibh NEdutidk mdypblke bé feamed aéh agnopdiRhefdnaaoyolakktivegnhet e
light chains for the 4D4 antj bodi es having various |gG heavy chai n const ant

regi ons. JBR CNbRAMMEET\SOERNY NeyaPh Mobrlizes) ePytegngry administration and

formulation methods thercfore are further described in International Patent

15 Application No. PCT/US94/001875, which is incorporated by reference and describes

pulmonary delivery of chemically modified proteins.

It is also contemplated that formulations can be administered orally. Anti-

NGF antibodies that are administered in this fashion can be formulated with or
without carriers customarily used in the compounding of solid dosage forms such as

20  tablets and capsules. In certain embodiments, a capsule may be designed to release
the active portion of the formulation at the point in the gastrointestinal tract when
bioavailability is maximized and pre-systemic degradation is minimized. Additional
agents can be included to facilitate absorption of the anti-NGF antibody. Diluents,
flavorings, low melting point waxes, vegetable oils, lubricants, suspending agents,

25  tablet disintegrating agents, and binders may also be employed.

A pharmaceutical composition of the invention is preferably provided to

comprise an effective quantity of one or a plurality of anti-NGF antibodies in a
mixture with non-toxic excipients that are suitable for the manufacture of tablets. By
dissolving the tablets in sterile water, or another appropriate vehicle, solutions may be

30  prepared in unit-dose form. Suitable excipients include, but are not limited to, inert
diluents, such as calcium carbonate, sodium carbonate or bicarbonate, lactose, or
calcium phosphate; or binding agents, such as starch, gelatin, or acacia; or lubricating

agents such as magnesium stearate, stearic acid, or talc.



Heavy Chai n Constant Region Conplete Heavy Chain 4D4(1g&) SEQ ID NO 10 +
SEQID NO 4 SEQID NO 40 4D4(1gGl) SEQID NO 10 + SEQID NO 2 SEQID
NO 41 4D%QRgGAUISBEQ I D NO 10 + SEQ ID NO 6 SEQ | D NOPC2AISADM(0F@B) SEQ
ID NO 10 + SEQ ID NO 26 SEQ | D NO ™3 Antibody Light Chain Vari abl e

Region + Light A%H%ogal%a%&lgcnetutlg Ior%gosclgo S W1 lebeLe\gdent to ﬁlose skilled in the
art, including formulations involving anti-NGF antibodies in sustained- or controlled-
delivery formulations. Techniques for formulating a variety of other sustained- or
controlled-delivery means, such as liposome carriers, bio-erodible microparticles or

5  porous beads and depot injections, are also known to those skilled in the art. See, for
example, International Patent Application No. PCT/US93/00829, which is
incorporated by reference and describes controlled release of porous polymeric
microparticles for delivery of pharmaceutical compositions.  Sustained-release
preparations may include semipermeable polymer matrices in the form of shaped

10 articles, e.g. films, or microcapsules. Sustained release matrices may include
polyesters, hydrogels, polylactides (as disclosed in U.S. Patent No. 3,773,919 and
European Patent Application Publication No. EP 058481, ecach of which is
incorporated by reference), copolymers of L-glutamic acid and gamma ethyl-L-
glutamate (Sidman et al., 1983, Biopolymers 22:547-556), poly (2-hydroxyethyl-

15  methacrylate) (Langer et al., 1981, J. Biomed. Mater. Res. 15:167-277 and Langer,
1982, Chem. Tech. 12:98-105), ethylene vinyl acetate (Langer ef al., supra) or poly-
D(-)-3-hydroxybutyric acid (European Patent Application Publication No. EP
133,988). Sustained release compositions may also include liposomes that can be
prepared by any of several methods known in the art. See e.g., Eppstein ef al., 1985,

20 Proc. Natl. Acad. Sci. USA 82:3688-3692; European Patent Application Publication
Nos. EP 036,676; EP 088,046 and EP 143,949, incorporated by reference.

Pharmaceutical compositions used for in vivo administration are typically
provided as sterile preparations. Sterilization can be accomplished by filtration
through sterile filtration membranes.  When the composition is lyophilized,

25  sterilization using this method may be conducted either prior to or following
lyophilization and reconstitution. Compositions for parenteral administration can be
stored in lyophilized form or in a solution. Parenteral compositions generally are
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.

30 Once the pharmaceutical composition has been formulated, it may be stored in
sterile vials as a solution, suspension, gel, emulsion, solid, or as a dehydrated or
lyophilized powder. Such formulations may be stored either in a ready-to-use form or

in a form (e.g., lyophilized) that is reconstituted prior to administration.



4D4 SEQID NO 12 + SEQID NGO 8 SEQID NGO 44 5 Exanple 5 Characteri zing
the Activity of anti-NGF 4D4 Anti bodi es Transiently expressed

ant i - NG-F wD20anp138di es, generated in cells grown under PEpiUsS2@0/0§850 or
roller (R conditions were tested to @onfirmtheir ability to 10 neutralize

NGF in a DRG neuron based, NGF neutralizati gn bi oassay,, perforned as
descri bed aboviﬂf BRYGRIPTR alpp provides E“FﬁéOf 3&919% lﬁ‘oﬁ?@%‘d&g‘? adaytpdeny

Lransi ent L[ PhSRIYBY 1 RvcHBRANS! AR BSiARhAR P FTy cBhaior FrAREhRgloNs were

perfornmed as either 500 nL or 1lL"cultures. Briefly, the cell Tnoculum (5.0
X 105 cel boterh M tseeandv sbutamier Wessyinge rr iaflugped  Brmubtian 500nReMtfior 10

m nutes at _4C.to rermmye .t he.condjtioned medi um The cell re resuspended
n 'ser um PPEGUEKERICHTES devieHPP g iscrodidiRe S0eb sdom e raPeird mrilEds at 4c
Af ter aspiyde e & hequ@sitiieb bhd BRsyridRs) et hovide resuspended in growth
medi um [DI\?FE Fl%%Sﬂ) +ﬁ?l%gl nsuI@’ian}Z 'Iﬂrggn)ga?eir)ri n- Sel eni um Suppl enent + 1X

Pen Strep G utTfke ?éi‘i‘ékﬁv@aﬁioﬂﬁﬂ Be a%iz%t{lNdﬁEBE@oo”acho%a%iﬁg WiahhsceG8l 1n a 20

1L or 3L spinner flask culture. The spinner flask culture was maintained on
magnet i ¢ somposplicax ¢0 &t dapoRRMtwhidshtiorly plilhckegends far oainglef ivgdni theubat or

mai nt ai neq at 37C and 5% . The asm. NA was conpl exed to, th

[ r anst ect APPSR Cx e SR e oY Rarkbah tHart AL SHEAFSYE bR  cagent
conpl ex V\@@rgpr%z@rcﬁgag'dﬁ 1&8%sOFort BiBathichRhyiB U drir GepéRdiHE® id Haferupbn fthee DVEM
1 iug plasmd DNA/nL culture was first added 25 to serumfree DVEM

fol | olled Bplerolexiciiveivddbnéndrativg 3oy yhick wha anteNGFrantibpgy is being used, the

2011/ 049758P () 7..conpl.exe in at e t .rQo

t enper at u?oeu t%ﬁm@%%#%é&%% g&fll%s%zerrqgﬁg es %l\r‘\fﬁ%t% Hesﬁﬁg%dﬂggc?qg%l %llzﬁeg a?g/lolrs in the

spi nner f t@asktionl [the ap@nsd gehdronheXiy @$shopatwas perckasirednbcdimdntsagis, after
whi ch the conditioned nedi um was harvested by centrifugation at. 4, 000 RPM
for 60 mi RliAIeEN Apayaiter dirpdoseae pad nrstiey e rpus afediminisapignetor B8, thae used

293T adher er ) inta ' i th 5% FBS
1% Non- Eccgury afii Bk ek TR LBLAER A Go BRL TR RL AR b T
Appr ox§ matigduy ,304mp/k¥ 0o ITpaidgSometicefaseed adntion &klecn profcted bottles

overnight. The previously seeded cells were then transfected the follow ng
day usi ngcEhaEAsatst thenddsest insy raaggdiom OThegke N 2bqua 39f methigomareagent

m xture was .pr red.in approxim i,n 6.75 nL ser e M . 675 pl
Pucenoe 1+ PLrapERan | HaadhR Qb 1 fehdafe dontapR Shelfbl HaB Sp ke i o d
DNA. The gﬁfgﬁ)&@&tg\@&gi/@ubat ed at roomtenperature for 30 m nutes. The
entire mxture was then added to a roller bottle. The roller bottle was

gassed with a g %P%irgaémEBdﬁhféh%; #RPRGthpblGBh! YcaNdh P! AfiRidkded BYC
i ncubator on a roller rac
20  subcutaneous injection. As noted above the dosage amount can be determined by a
clinician, however in certain embodiments the pharmaceutically effective amount of
an NGF antibody in the composition to be administered by subcutaneous injection is
from about 0.1 pg/kg up to about 30 mg/kg. In certain embodiments, the
pharmaceutically effective amount an NGF antibody is from about 3 mg to about 30
25  mg per subcutancous injection. In certain embodiments the administration comprises
multiple subcutancous injections. In yet other embodiments, the administration
comprises a single subcutaneous injection.
Dosing frequency will depend upon the pharmacokinetic parameters of the
particular anti-NGF antibody in the formulation used. Typically, a clinician
30  administers the composition until a dosage is reached that achieves the desired effect.
The composition may therefore be administered as a single dose, or as two or more
doses (which may or may not contain the same amount of the desired molecule) over

time, or as a continuous infusion via an implantation device or catheter. Further



15 rotating at 0.35 RPM The transfection was performed for 24 hours after
whi ch the nmediumwas replaced with 100 nL DVEM + 1X

I nsul i n- Tweansfigupisa- Sel eni um Suppl enent + 1X Pen Strep @CW/US2018/051960

Non- Essential Am no Acids + 1X Sodi unmi2Pyr uvate Typi cally, two 100nl 48

hour harve s were. obt ai ned fr‘%%a m each rol I er E %gogarvestﬁ
serum f reée BSRENt Ploths PREE AR 4RSS PRIy tHORE BAey silided at
4,000 RPMHc0frt 3Rd Whﬁlsth@taﬂﬁgt of tasks rdR@BL olrﬁgﬂ- b9 WﬁerﬁmAﬁ%%mﬁQOWEd

potent activity with IC50 val ues of about 14 nMto about O nM agai nst
human NGFd¢figegumey by ascﬁt@lnméﬁubmghmsfeOtfhpplaptlatvldpye espense dnie. dugmtginzed in

Tabl 5. Th t t| tivit t t, NGF 3).
The Teou baSodisht dhe rarledes o, st SpRtam i M Mgl o o
hybr i donmagre@sehi b@@x@h@e@nm%%hgﬁ AohiCRAN@RMNEon( &Mn bEBIDI@SNGE (M

4D4.19gd . R 0.1488 > 34 nM4D4.1gG3 .S 0.1587 > 45 nM 4D4. 1 g& 0.2047 > 59
nM 4D4. | g@eglon minimizes the adverse immune or allergic response commonly associated

with antibodies that are raised against a human antigen in a non-human animal, for

example, a non-fully human antibody produced in a non-human species.

The route of administration of the pharmaceutical composition is in accord

10 with known methods, e.g. orally, through injection by intravenous, intraperitoneal,
intracerebral (intra-parenchymal), intracerebroventricular, intramuscular, intra-ocular,
intraarterial, intraportal, or intralesional routes; by sustained release systems or by
implantation devices. In certain embodiments, the compositions may be administered

by bolus injection or continuously by infusion, or by implantation device.

15 The composition also may be administered locally via implantation of a
membrane, sponge or another appropriate material onto which the desired molecule
has been absorbed or encapsulated. In certain embodiments, where an implantation
device is used, the device may be implanted into any suitable tissue or organ, and
delivery of the desired molecule may be via diffusion, timed-release bolus, or

20  continuous administration.

In certain embodiments, the invention relates to a method of treating a
condition caused by increased expression of nerve growth factor (NGF) or increased
sensitivity to NGF comprising administering to a patient orally, through injection by
intravenous, intraperitoneal, intracerebral (intra-parenchymal),

25 intracercbroventricular, intramuscular, intra-ocular, intraarterial, intraportal,
intralesional or subcutancous routes, by sustained release systems or by implantation
devices a pharmaceutically effective amount of an NGF antibody., wherein the
condition is acute pain, dental pain, pain from trauma, surgical pain, pain resulting
from amputation or abscess, causalgia, demyelinating diseases, trigeminal neuralgia,

30  cancer, chronic alcoholism, stroke, thalamic pain syndrome, diabetes, acquired
immune deficiency syndrome ("AIDS"), toxins, chemotherapy, general headache,
migraine, cluster headache, mixed-vascular or non-vascular syndromes, tension

headache, general inflammation, arthritis, rheumatic diseases, lupus, osteoarthritis,



0.2063 > 37 nM WO 2011/ 049758PCT/ US2010/ 051960 88 hNGF = human NG-, rNGF =
rat NG, R = Roller culture, S = Spinner culture Exanple 6 Production of
ant i - NG- wot2otiody7s8Ant i - NG- anti body is produced by expresdisenoionvao cl onal
line of CHO cells. For each productidild run, cells froma single vial are

thawed in serumfree cell ultu.e ia. The cells e grqwn initially in
2 To11 ask PBPRORER 1B angpspias Bov L Rarde; dlﬂtl%@? 1o anfFBgEiey col
reactors gfc §RGHIEASINMENGASS HRrk@bR HRARE dﬁbﬂfe?sa%&ﬂiasmpﬁlaﬁ WokipRiints S
carried out in a 2000L bioréactor using a fed batch culfure, in which a 10

nutri ent f)vetbdmﬂmtrmtmyngompmwm ramédrnnﬁdrétlsodgmns,s niyosidigddedutites, mai nt ai n
cel l growt?k‘l and cuui r oducti aon ﬁStS‘tﬁ) ﬁroxmat ly two
weeks  dur PHEERR VAU Seﬁ?ﬁsa C% a}ﬂ ‘i‘fB%latf?‘WO‘& 5 AV 5%?368&8 d by the
cel I s andag66ihRH e pbiiRsihh@dClobysibl hdi &M ipdif and associated MYpHaRAHET i ON
reactor is control Iped at a predeterm ned pH, tenperature, and 15di ssol ved

oxygen | eveplogymig, glighstie rmumathfﬁypaelarmsﬁlﬂﬁoﬁyrﬁ@at@@m&m dnaiwfdinggnneay bonat e

Fowe, - ACUREHHER GRIRRs BuRH AR BRud dumglt bk WEnadil 1=, 00

st ack censlnipfl@gdlsanblaﬂcbeomlsdduaﬂencﬁupﬁamslﬁfahorysg@aparﬁ@rgogafsﬁ@metstﬁmﬂcel | s.
The concentrate is further clarified through a depth filter. followed by a
0.2 [tm fPT Vascularpegionsg wopndy b@&ﬁd F‘]tl‘?rélr‘feﬂm}’rﬁf&‘ictaoqss powitishEitligeng@stal at ed by

tangeg | a%ﬁtﬂoﬂﬁé%h&lr fsbﬂd%fsatcbf?ﬁ's o g@&%ﬁ dp%gdéﬁgl‘i"u@cgkss GOBGERE oat ed 15-

to 30- resulting concé condition umis then either
process ed alidrgoutyimitsy ror fhr@mhlad) disordefy, ayemeriaorhopardyfspgaia, gastetes@phlagtabr dat e.
Exampl e 7 Cross- Reacti vi tIy wi th O her Neurotrophins The 4D4

ant i bodi e 5 TISr RANCEREY of SPC R4 cross-reactivity agai nst human NT3 or

human BDNF in g Eé@a[&%hb%ﬁﬁe%%@%ﬁe My Hohprkb e PREnRQUAeNySkfNdival assay
for human NT3 and the assay of DA uptake in cultured DA neurons for human

BDNF.  \W\Oapourit/ @47 BEPCTitibedp rod 0Bd 96dul for treating or preventing osteoarthritis

15  knee pain. In certain embodiments the pharmaceutically effective amount an NGF
antibody is from about 3 mg to about 30 mg per subcutancous injection. In certain
embodiments the administration comprises multiple subcutancous injections. In
embodiments, the administration comprises a single subcutancous injection. In
certain embodiments, the compositions and methods of the invention comprise an

20  NGF antibody comprising a light chain comprising SEQ ID NO. 44. In certain
embodiments, the NGF antibody comprises a heavy chain comprising SEQ ID. NO.
40. In further embodiments, the NGF antibody comprises a light chain comprising
SEQ ID NO. 44, and a heavy chain comprising SEQ ID. NO. 40.

Accordingly, in accordance with the above description of the invention, in

25  wvarious aspects the invention relates to methods and compositions comprising an NGF
antibody comprising a light chain comprising SEQ ID NO: 44 and a heavy chain
comprising SEQ ID NO: 40, wherein the heavy chain and light chain of the antibody
are connected by a flexible linker to form a single chain antibody. In some
embodiments of this aspect, the NGF antibody comprises a single-chain Fv antibody,

30 a Fab' antibody, a (Fab’), antibody, a fully human antibody, and/or a humanized
antibody. In some embodiments of this aspect the NGF antibody inhibits NGF
signaling.

In certain embodiments of this aspect, the NGF antibody dissociates from a

human NGF polypeptide with a K, of about 1 x 107 or less, about 1 x 107 or less, or



89 Two hours after plating, DRG cells (isolation procedure described
above in Exanple 3) were treated with reconbi nant hNT-3 100 ng/m (3.8 nM.
Seri al - diwoted/aats8- hNT3 anti body (R&D) was used as a p@eSTlLSI@0OS160 Ol .
Unknowns (anti-NG- Ab sanpl es) were added at various concentrations with 10
point, 3.16 fold senial 5dilutions. Al the sapples were diluted in

conpl et e AN unblF or% 16 " GBS HRENE ttﬂﬁgﬁpe%ﬁg@uﬁ@emﬂdbeﬁy MAP2.
expr essi 0fe|tFh DRGNS QOE b%c_iulftyeﬁl YL S akd %ﬁﬂtrWaEﬁy%lPﬁﬂ@ PohRlodenyde in
Hanks' bal anced salt 10 solutign for 15 mn, blockéd wth Super bl ock

(Pi erce) kot0Lohdess, ahoutpernd&bi o1 fssl o Bhod. @8 NONi dedesP- 4D ¢Sitagma) i n
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(rny - et SR Re e GE Rl i PR=Fh&oBhp human e orH SRR TBE P& gy
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hour at roomtenperature, followed by incubation of Eu-[abeled anti- 15

nmouse secidapspaantithiiboigbovpanenaiencICsTyalkes. Finl and) for 1 hour at room
tenperature. Washes with TBS (3 x 5min with gentle shaking) were applied
after each antlitbadyy imgublx i dwiralinhémcesescintitNGR @a6Eodyl /phefthacewaddlac Oy)

was added to the cultures and fluorescence signal .was the asured in a
et esoPVBEOY IS ASRULER BUBF IR £ D60 et ) Bhit ete ARk AATIS Seul f ure
Enbryoni cod@nd@at Bhok b6Eenl@noved Feie tHapAtRYt bRt &podarctosani-Nalisintimebg used.
Ventral midbrain tissue enriched for dopam nergi c neurons was renoved and

t r anst@r r peprmecenical, comppeitiers sifishowhisht thebgeler Besushldandeor ( DRBSY ,arpH 7. 4,

wi thout 28,Co i andl M1, (G RERL Ll L SSUe fragrents were di ssoci at ed
into single celt SUSPERST oA uSIng & papai n di ssoci ati on system (Wrt hi ngt on

Bi ochem cal Corp., ..F hol. . i efl t. f t i bat ed
P e i geat i on "URIFFYIEh B RHRETS0 SehbE AR RESERY AR GoaE sl anced
Sal t  Sol utap RavcERSR)ecAticBilch@he @8, Msthg 8thbds WRh @s thoRs Aeicathed hB¥in,

trituration through fire-polished Pasteur pipettes in a 30 dissociation
medi um cols PrERINEREIderhs meiweptide. In pejtam cobodmespitsd shethpdistoay &ad 1

Tor VLRI e Athel; OB 0P PN hO SRS b PABRE ) G 0Gh 2 o

cell s were pell'ete 0? and Tesu c%ntaining
1 mg/ M V\rEid ¢mB4divk8RChHe WSRO 1A B2 iReibrR0zal omus érnboditédtrin otdefy/ m

oval bum n and 0. 005% DNase. Cell suspension was centrifuged through a

gradi ent &oflesrsass theothrashphy rompeglagicyvisrneass. dhg Pﬁﬂstm%bg? CH@PHYARE

oval bum n . 1yt O I S, .ltered
t hr ough atﬁvoﬁglflﬁf%g&%ﬁ;ﬁ%@%ﬁu%ﬁ%?\kﬁg ,fﬁljl?%é % btb gﬂ%@%\?}lee %E%Sya{t}h%s. The
di ssoci at edtarls ard tyycdlyplbadoathpatiblc] ssmé-petnhdabilee pplyaices ahclesudensirt y of

100, 000/ cn®2. .Th | at - ted with | y- ithi 100 [ mlL
(Si gng) gﬁﬁ%%@é%}agﬁﬁiw\@ﬁrre@ ;ﬁﬂfc f@%pg%@wmélﬁﬁé)ylaf@%aé{ﬁg da%%‘ﬁg%ed
(Loui s JC,ethedells b;;théa B@tfe'ﬁ?g mulX l@yst&he& -by](%ggr; de%@x%ét;{gl7ﬂb%2s8§oﬂr thg_ge

cul ture nmedi um consisted of m ninmal” essentiral nedium (MEM/Ham s F12, 1:1,
12% hor seswerundhng@sbes) , 100 ug/nml transferrin and 2.5 10ug/nl insulin
(Sigma). The cultures were kept at 37C, 5% CO2 and 100% hum dity for 6
days. Treatnment of Mesencephalic Cultures with BDNF and anti-BDNF or

anti - NG-

EXAMPLES

25 The following examples, including the experiments conducted and results
achieved are provided for illustrative purposes only and are not to be construed as

limiting the invention.

Example 1

30 Generation of human NGF protein from E.coli cells




BDNF at 10 ng/m was added to the cells 2 hours after plating, followed by
15serial concentrations of anti-NG- Ab sanples. Anti-BDNF anti body
(gener at edioap11/AgBsA) was used as a positive control. DAPODItaR@0i061960
Mesencephal i ¢ Neur ons Dopam ne upt ake€’Sassay were carried out as descri bed
previ ousl%1 Erie nN 0 L. and Mytilineou, C., Neuroscience Letters 1987;
79: 65-72) - I = t wer e washed once with pre-warned

Krebs- Ri nger's phosphate buffer (pH 7.4) containing 5.6 mM glucose, 1.3 nM
EDTA and 0.5 nWE%éIP@B?P‘ﬂ(?ﬁ se&u%ﬁo@wpﬁ@gdsa%ls@%wbiaﬂwﬂlﬁecm%r%&RNAes wer e

i ncubat ed, i i o l\@@z L,aut es at
37C. Upt aﬁéelﬂ%va%get gﬁ@ﬁ%g%t’ﬁﬁe ?gﬂrr%\?;sl ‘lr;]}igtﬂt% ﬁ@%38¥a£§%l% glr, Sﬁj;%ﬁ t%gh E(gul tures
wer e wash88Qt b eOt18&resd wianbdaidr BOR- Richgdogys phasphatimcbubdaees. ailCeVdes wer e
|l ysed to rel ease [.3H DA by adding.a Jiquid scintillation ¢cocktajl,

opt i cphasESEIFHaP ntile %w%tewmai paatop mfidoglhgm@aqh 'iﬁfyeé)r%?_ﬁ@gp@ on| Ysat es
ver e then Aot 66 t{cOmahRdise@chty ! tPhe B Arifief CRARK 3 BlHS1l teliicHon site
scintillation counter (Wallac, Inc.). Low affinity DA uptake was assessed
by addi ngirdmsdiptelyCRBRD2IND theatewpimeiidn co®. i ‘Aind tristlong dTCR peoducghvasfddlni ty DA
upt ake sites .. kkjl.a RE and Mazino L, Eur an Jgurnal qf , Phar macol ogy
1584+ 1030 Sy et e s uteay AR u RS anen BB

upt ake anpipthd caltimgtoidhalshi dtesalfwith WeDhdBLAKE Yaddied DNMOwas

2011/ 049758PCT/ US2010/ 051960 91 Table 6 Anti body 1C50 @hNT-3 (n | C50 @

hBDNF1Q nMraagbarngedga) compegeny Bost cglds qisE. coli strain 657. Clones were screened for

the ability to produce the recombinant protein product and to possess a plasmid
having the correct nucleotide sequence (i.e., SEQ ID NO:29). The amino acid
sequence of the recombinant human NGF 1-120 is shown as SEQ ID NO:30:

The expression vector pCFM1656 (ATCC #69576) was derived from the

15  expression vector system described in US Patent No. 4,710,473. The pCFM1656
plasmid can be derived from the described pCFM836 plasmid (Patent No. 4,710,473)

by: (a) destroying the two endogenous Ndel restriction sites by end filling with T4
polymerase enzyme followed by blunt end ligation; (b) replacing the DNA sequence
between the unique Aat/l and Clal restriction sites containing the synthetic Py

20  promoter with a similar fragment obtained from pCFM636 (patent No. 4,710,473)
containing the PL promoter and then (c) substituting the small DNA sequence
between the unique Clal and Kpnl restriction sites with oligonucleotide resulting

from annealling two probes have nucleotide sequences as shown in SEQ ID NO: 31

and SEQ ID NO:32.

25 The E. coli K12 host strain (Amgen strain 657) is a derivative of E coli W1485
(a K12 strain), obtained from the E. coli Genetic Stock Center, Yale University, New
Haven, CT (CGSC strain 6159).

Expression of tHu-NGF(1-120)

30 E. coli cells containing the NGF expression construct (as described above)
were fermented in rich medium in fed-batch mode. Cells were grown at 30°C to an

OD at 600 nm of 49, and then induced by temperature shift to 42°C. Cells were



Exanpl e 8 Identification of an Epitope for anti-NG- Anti bodies 5 Epitope
Mappi ng by Limted Proteol ysis Five mcrograns (jag) of NGF were

i ncubat eowai2oh/oa8(11 j.tg) for 30 mnutes at 4C i n 0. PMI/MSR&0l0sf9her, pH
7.5. The conpl ex was then di gested with protease (subtilisin) 1 j.tg at 37C

for 1 and 2 hou HPLC tlde were co red to_each qQther to find
the pept i BEYCTSOEFETBIEENRR (EGl) hate> A AAetiow gg%naﬁcp i ft ech-

prot eol ysiggy &§51%_g1eldr\9ésc&ft&ﬁnﬂéaac5b%%ﬁﬁ"oﬁmd%@l&@rlsgg‘?ﬂt'des were initially

rel eased fromN particular interest, peptides S18.3, S18.5, and S34.4

wer e genekg&ﬁﬂng%giﬁpgﬁ&ﬁ$$gfﬁ%&@§gﬂﬁqgggy fromthe proteolysis. O her
peaks wer . tected. The protected peptldes
R X M N R LW
(96-98) Cniigited, ftad peltet Vs Stihgh@l \EEIET% (&Xybilic acid, centrlfuged as above, and
the resulting pellet was then washed with cold water and re-centrifuged. The resulting
pellet (WIBs — washed inclusion bodies) was resuspended in denaturant, 8M
guanidine HCI, 50mM Tris pH 8.5, containing 10mM DTT, and solubilized at room
temperature for 1 hour, centrifuged at 10,000 x g for 30 minutes, and the supernatent
10 was carefully decanted and then diluted 25-fold into an aqueous buffer containing a
redox couple at 4°C, for 5 days. The resulting refold was then titrated to pH 3.0,
filtered through a 0.45uM filter. The refold was purified using a Sp-Sepharose fast
flow column using a standard NaCl gradient. The pool from the cation exchange
column was subsequently concentrated and aliquots were frozen —80°C. The purity of
15 the protein was assessed by SDS-polyacrylamide gel electrophoresis (SDS-PAGE)
and analyzed by Coomassie blue stain. The purified protein was greater than 90%

main band by this method.

Example 2

20  Production of Human Monoclonal Antibodies Against Nerve Growth Factor
NGF

Transgenic HuMab and KM Mice

Fully human monoclonal antibodies to NGF were prepared using HCo7,

25 HCol2, HCo7+HCo12, and KM strains of transgenic mice, each of which expresses
human antibody genes. In each of these mouse strains, the endogenous mouse kappa

light chain gene has been homozygously disrupted as described in Chen et al. (1993,
EMBO J. 12:811-820), and the endogenous mouse heavy chain gene has been
homozygously disrupted as described in Example 1 of International Patent

30  Application Publication No. WO 01/09187 (incorporated by reference). Each of these

mouse strains carries a human kappa light chain transgene, KCo5, as described in



(SEQ ID NO 45) Loop region 40 45 S18.5 SSSHPI FHR (1-9) (SEQ ID NO 46)
(HWNSY) * (SEQ ID NO. 47) N-terminal 40 50 S34.4 NSVEKQYFFETK (46- 57) (SEQ

| D NO 48yolkoop4pEgi on 69 PCT/US2010/051960
77

Fishwild et al. (1996, Nature Biotechnology 14:845-851). The HCo7 strain carries
the HCo7 human heavy chain transgene as described in U.S. Patent Nos. 5,545,806,
5,625,825, and 5,545,807 (incorporated by reference). The HCol12 strain carries the
HCo12 human heavy chain transgene as described in Example 2 of International
5  Patent Application Publication No. WO 01/09187 (incorporated by reference). The
HCo7+HCo12 strain carries both the HCo7 and the HCo12 heavy chain transgenes
and is hemizygous for each transgene. The KM mice comprises the SC20 heavy
chain transgene as described in Tomizuka et al. (1997, Nature Genet. 16, 133-143 and
2000, Proc. Natl. Acad. Sci, 97, 722-727). This transgene is not integrated into a
10 mouse chromosome, but is instead propagated as an independent chromosome
fragment. The fragment includes approximately 15 MB of human chromosome 14. It
contains the entire human heavy chain locus including all VH, D and JH gene
segments and all heavy chain constant region isotypes. All of these strains are

referred to herein as HuMab mice.
15
HuMab Immunizations:

To generate fully human monoclonal antibodies to NGF, HuMab mice were
immunized with purified recombinant NGF derived from E. coli cells as antigen
(Example 1). General immunization schemes for HuMab mice are described in

20  Lonberg et al. (1994, Nature 368:856-859; Fishwild et al., supra., and International
Patent Application Publication No. WO 98/24884, the teachings of each of which are
incorporated by reference). Mice were 6-16 weeks of age upon the first infusion of
antigen. A purified recombinant preparation (25-100 pyg) of NGF antigen was used

to immunize the HuMab mice intraperitoneally (IP) or subcutaneously (SC).

25 Immunizations of HuMab transgenic mice were achieved using antigen in
complete Freund’s adjuvant and two injections, followed by 2-4 weeks IP
immunization (up to a total of 9 immunizations) with the antigen in incomplete
Freund’s adjuvant. Several dozen mice were immunized for each antigen. A total of
118 mice of the HCo7, HCo12, HCo7+HCo12, and KM strains were immunized with

30  NGF antigen. The immune response was monitored by retroorbital bleeds.

To select HuMab mice producing antibodies that bound human NGF, sera

from immunized mice was tested by ELISA as described by Fishwild et al. supra.



38 WD 2011/ 049758PCT/ US2010/ 051960 92 was protected with the 4D4 anti body,
since the other peptide peak (HWNSY; SEQ I D NO 47) was unchanged by the
addi ti on WO 2aD491581 bodi es, as detected at 280 nm absor pamas201Beptdsede S18. 3
was a C-termnal part of S34.4, both Bromthe sane | oop region. N-termnal

and central. | oo i ons were al so possi bl pito es. ro paration
of Digest galeﬁ jcgedier Dates “ye7g oAt ’iﬂ%IPH“gF‘g ¢ St fro %an)g each)
was incub éﬂ‘é tlgaf"?tﬂ p@ni% PRS 8@ 3085 /AR iRCUDRACK I4Y€ JTRRRSTIOMBh

ant i body (#16 for 30 mnutes at 4Cin 0.1 MTris buffer, pH 7.5.
The boundblsmb@imdh @é@ﬂuhﬁt&dl oe5% chepyan atren ID)PB.ISJTM@@I (ﬂd&ﬁﬂ/ 1L OD{lwhdnls |0rﬁor e

Corp., Bed Va and both fracti on boun bou nal yzed
by FPLC ¢ BPPAG B LB B RS TS ST BOeS g e bR bt T-dont 1 11 ed
by HPLEL cashgrat saibi@k téhseriRounde folast weﬁswaiﬂe@rwfm PBEV‘WéenV\Aﬂdhthéﬁ)‘l

anti bodi es and #162 and crocon separation were recovered, indicating

anti body Bsubdcpapthi ¢ ggat-apichunpn ﬁa—sp@pm delyclpaplkreaggsxoniugyted to - SRKAVRR

(112-119) (SEQAP N A kel 847 Rl w iy Sk PhF VMR 2D) (520

ID NO 50 oop ernati ve I gested

with Lys- Cx‘zltthBS/cmvezﬁl ah@uﬁ@ba@ysmm aegoraesntdueﬁlam&g@ Fegheceid Iﬁﬂpblonal
carboxynet hyl ated, wi t hout denaturant. The sanple was incubated with
monocl onafcagehtieatzaisd Aphomardishmermxidase (HBRY 1ol howy ayreqrs derperayre.

separ g | OﬁfteﬁQz':lE}Hn?r{geegl%Q%ﬁje é@e‘?dﬂfe gﬁth"‘ﬁfs?s%ﬂg%%eeg‘\li%a CR¥GiGPe phase

HPLC. Only two pep were | denti as anti i ng K-peptides as
i ndi cat edSbel bunis,ThéM@al cidtdogd Nass Af-d)$88t, heO p2pt ingdasl. detaed M aredlyzoy

| dt t .of tid
consi ot entheCTRRBRaEs, LRGSR hE B (PDFAR R blePHDS ROTeHiT nal and
C-ter m nalios i Oics IBHMRTe B e OW MRS LSEQD MO 51)

Cal cul ated mass = 2821; (Observed nmass = 2828.2; N-term nal

- - - - QAAVIRPORIBTACKENRBRIN { IBEDs lapddOribs@ belgal cul ated mass = 2452 Cbserved
mass = 2459.5; Ctermnal WD 2011/049758PCT/ US2010/ 051960 93 i nt er nal
(46-57), and Cterminal (96-98) regions. In addition, an AspN di gestion
reveal ed that a peptide fragnent consisting of ---SSHPI FHRGEFSVC--- (SEQ ID

NO 53) weenpraioacifadbbioinas ptbdudng hiimedy mylirIGAs antibédipstoNGiFgest i on
showed that a peptide fragment consisting of ---SSHPIFHR---- (SEQ I D NG

54) was not 5 pfied e&té€ réf;ﬁrefdh%r%&[Hdapﬁﬂﬂbodyhﬂ%dudtﬁnt1553b%itﬁ"gn@vﬂlﬂs t he
sequence of CGEFSVC (SE 55) is nost inportant for binding to 4D4
ant i bodi eentigen intravenously 2 days ‘before sacrifice, and spleens were removed thereafter.

The mouse splenocytes were isolated from the HuMab mice and fused with PEG to a
20  mouse myeloma cell line using standard protocols. Typically, 10-20 fusions for each

antigen were performed.

Briefly, single cell suspensions of splenic lymphocytes from immunized mice
were fused to one-fourth the number of P3X63-Ag8.653 nonsecreting mouse
myeloma cells (ATCC, Accession No. CRL 1580) with 50% PEG (Sigma). Cells

25  were plated at approximately 1x10°/well in flat bottom microtiter plates, followed by
about a two week incubation in selective medium containing 10% fetal bovine serum,
10% P388DI1- (ATCC, Accession No. CRL TIB-63) conditioned medium, 3-5%
origen (IGEN) in DMEM (Mediatech, Catalog No. CRL 10013, with high glucose, L-
glutamine and sodium pyruvate) plus 5 mM HEPES, 0.055 mM 2-mercaptoethanol,
30 50 mg/mL gentamycin and 1x HAT (Sigma, Catalog No. CRL P-7185). After 1-2

weeks, cells were cultured in medium in which the HAT was replaced with HT.



In order to nore clearly define the epitope for the anti-NGF anti body
4D4. 1gd, a total of 23 peptides were generated synthetically using

st andar d wechnigemss based on the entire human mat ure NGPCThINGH)/0SBguence
(Tabl e 8). The 10 peptides were 15 anino aci ds long, overlapping by 10

am no aci ds, cysteinetailed at the C¢ ini to allaqw for conjugation
to a matrix. Tﬁg F%Hrtﬁ @’Wl PIRRSAV S S918AN9 i d¥edyaien Og%t\lfeenwagmﬁ%ed for

t he mappi REGIRIRE! ITHBR duall RIS wlrdeRtdnds ﬁﬁ@%egf&crfb%@ AP Basen 27- 01
SSSHPI FHRGEFSVC (1-15) 56 33582-27-02 | FHRGEFSVADSVSVC (6-20) 57

33582- 27- aBi-EFGVADSYE\WWEKCatitodRs) Gi8c33583iv2 hybnd@swgmm@mrwmemc
(16-30) 5r9n g%%ls%va% 7m91151t0¥\é/ T '?I‘Ta elé%Eﬁ gia%;l's-. 3 )ntibody secreting hybridomas
5 were replated, screened again and, if still positive for human IgG, anti-NGF
monoclonal antibodies were subcloned at least twice by limiting dilution. The stable
subclones were then cultured in vitro to generate small amounts of antibody in tissue

culture medium for characterization.

10 Selection of Human Monoclonal Antibodies that Bind to NGF

An ELISA assay as described above was used to screen for hybridomas that

showed positive reactivity with NGF immunogen. Hybridomas secreting a
monoclonal antibody that bound with high avidity to NGF were subcloned and further
characterized. One clone from each hybridoma, which retained the reactivity of

15  parent cells (as determined by ELISA), was chosen for making a 5-10 vial cell bank

stored in liquid nitrogen.

An isotype-specific ELISA was performed to determine the isotype of the
monoclonal antibodies produced as disclosed herein. In these experiments, microtiter
plate wells were coated with 50 pL/well of a solution of 1 pg/mL of mouse anti-

20  human kappa light chain in PBS and incubated at 4°C overnight. After blocking with
5% chicken serum, the plates were reacted with supernatant from ecach tested
monoclonal antibody and a purified isotype control. Plates were incubated at ambient
temperature for 1-2 hours. The wells were then reacted with various human IgG-
specific horseradish peroxidase-conjugated goat anti-human polyclonal antisera and

25  plates were developed and analyzed as described above.

Monoclonal antibodies purified from the hybridoma supernatants that showed
significant binding to NGF as detected by ELISA were further tested for biological

activity using a variety of bioassays as described below.

30 Example3



60 33582-27-06 TTATDI KGKEVMVLGC (26-40) 61 33582-27-07 | KGKEVMWLGEVN N
(31-45) 62 33582-27-08 VMVLCEVNI NNSVFKC (36-50) 63 33582-27-09

EVNI NNSVRKQYPHREY(541- 55) 64 33582- 27- 10 NSVFKQYFFETKARDECTAB2@0)050860
33582-27-11 QYFFETKARDPNPVDC (51-65) #6 33582-27-12

Selecting and Cloning anti-NGF Antibodies with Potent NGF Neutralizing

Activity
The effectiveness of the antibodies initially identified in Example 2 as
inhibitors of NGF activity (i.c., NGF “necutralization”) was evaluated by measuring
5  the ability of each modified peptide to block NGF induction of vanilloid receptor-1
(VR1) expression.

Dorsal Root Ganglion Neuronal Cultures

Dorsal root ganglia (DRG) were dissected one by one under aseptic conditions

10 from all spinal segments of embryonic 19-day old (E19) rats that were surgically
removed from the uterus of timed-pregnant, terminally anesthetized Sprague-Dawley

rats (Charles River, Wilmington, MA). DRG were collected in ice-cold L-15 media
(GibcoBRL, Grand Island, NY) containing 5% heat inactivated horse serum
(GibcoBRL), and any loose connective tissue and blood vessels were removed. The

15 DRG were rinsed twice in Ca®*'- and Mg” -free Dulbecco’s phosphate buffered saline
(DPBS), pH 7.4 (GibcoBRL). The DRG were then dissociated into single cell
suspension using a papain dissociation system (Worthington Biochemical Corp.,
Frechold, NJ). Briefly, DRG were incubated in a digestion solution containing 20
U/ml of papain in Earle’s Balanced Salt Solution (EBSS) at 37°C for fifty minutes.

20  Cells were dissociated by trituration through fire-polished Pasteur pipettes in a
dissociation medium consisting of MEM/Ham’s F12, 1:1, 1 mg/ml ovomucoid

inhibitor and 1 mg/ml ovalbumin, and 0.005% deoxyribonuclease I (DNase).

The dissociated cells were pelleted at 200 x g for five minutes and re-

suspended in EBSS containing 1 mg/ml ovomucoid inhibitor, 1 mg/ml ovalbumin and

25  0.005% DNase. Cell suspension was centrifuged through a gradient solution
containing 10 mg/ml ovomucoid inhibitor, 10 mg/ml ovalbumin at 200 x g for six
minutes to remove cell debris, and then filtered through a 88-um nylon mesh (Fisher
Scientific, Pittsburgh, PA) to remove any clumps. Cell number was determined with

a hemocytometer, and cells were seeded into poly-ornithine 100 ug/ml (Sigma, St.

30  Louis, MO) and mouse laminin 1 x#g/ml (GibcoBRL)-coated 96-well plates at 10 x
10° cells/well in complete medium. The complete medium consisted of minimal

essential medium (MEM) and Ham’s F12, 1:1, penicillin (100 U/ml), streptomycin
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(100 pg/ml), and 10% heat inactivated horse serum (GibcoBRL). The cultures were
kept at 37°C, 5% CO; and 100% humidity. For controlling the growth of non-
neuronal cells, 5-fluoro-2’-deoxyuridine (75 4M) and uridine (180 M) were included

in the medium.

Treatment with NGF and anti-NGF

Two hours after plating, cells were treated with recombinant human B-NGF

(Amgen) or recombinant rat B-NGF (R&D Systems, Minneapolis, MN) at a
concentration of 10 ng/ml (0.38 nM). Positive controls comprising serial-diluted anti-

10 NGF antibody (R&D Systems) were applied to each culture plate. Test antibodies
were added at ten concentrations using 3.16-fold serial dilutions. All of the samples

were diluted in complete medium before being added to the cultures. Incubation time

was 40 hours prior to measurement of VR1 expression.

15  Measurement of VRI1 Expression in DRG Neurons

Cultures were fixed with 4% paraformaldehyde in Hanks’ balanced salt
solution for fifteen minutes, blocked with Superblock (Pierce, Rockford, IL), and
permeabilized with 0.25% Nonidet P-40 (Sigma) in Tris-HCI (Sigma)-buffered saline
(TBS) for one hour at room temperature. Cultures were rinsed once with TBS

20  containing 0.1% Tween 20 (Sigma) and incubated with rabbit anti-VR1 IgG for one
and one-half hours at room temperature, followed by incubation of Eu-labeled anti-
rabbit second antibody (Wallac Oy, Turku, Finland) for one hour at room
temperature. Washes with TBS (3 x five minutes with slow shaking) were applied
after each antibody incubation. Enhance solution (150 pl/well, Wallac Oy) was added

25 to the cultures. The fluorescence signal was then measured in a time-resolved
fluorometer (Wallac Oy). VRI expression in samples treated with the modified
peptides was determined by comparing to a standard curve of NGF titration from 0—
1000 ng/ml. Percent inhibition (compared to maximum possible inhibition) of NGF
effect on VR1 expression in DRG neurons was determined by comparing to controls

30  that were not NGF-treated. Results are given in Tables 2 and 5.
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(107-120) The cell lines were labeled #110-#129. Antibodies from cell lines #119, #124,
and #125 demonstrated extremely potent NGF neutralization activity (Figure 1). The
#124 cell line was a parental cell line, also referred to as 4D4. The #119 and #125
cell lines were subclones of the 4D4 parent. An additional sample from the original

5  vial comprising hybridoma #124 (4D4) was grown and labeled #167 (4D4).

Antibodies generated by hybridoma #167 (4D4) were subjected to the same
DRG neuron based NGF neutralization assay as the previous samples. Antibody #167
(4D4) demonstrated strong anti-NGF activity with an ICso of 0.50 nM (Figure 2),
which was consistent with the activity of samples #119, #124, and #125. The

10 activities of the 4 samples are shown in Table 2.

Table 2
Anti-hNGF activity in DRG cells using 0.38

nM hNGF

Code # IC50

119 (from 124) <1.2nM

124 (parent) <0.57 nM

125 (from 124) <0.3nM

167 (from same sample |0.50 nM

as 124)*

N-Terminal Sequencing and Mass Spectrometry

Purified anti-NGF hybridoma antibodies samples were prepared for protein

15  sequencing and LC/MS analysis. Antibodies were purified from conditioned media
by concentrating the media using Amicon centriprep-30 until the volume was less

than 15 ml. A batch of rProA (Pharmacia) resin was washed 4x with PBS and a 50%
slurry made in PBS following the last wash. An appropriate amount of rProA resin
(approximately Sug antibody/ ul resin but use no less than 50 ul resin) was added to

20  the antibody sample and incubated overnight at 4°C. The Ab-resin mixture was
centrifuged and the unbound fraction was collected. After addition of 0.5 ml PBS and
transfer to a 0.45um Spin-X (CoStar) tube the sample was centrifuged at 10000 rpm

for 3 min. The resin was next washed at least 3 times with 0.5 ml PBS and then of

0.1IM glycine (pH 2.7) was added at 1.5x volume of resin and incubated for 10

25  minutes at room temperature followed by another centrifugation for 3 minutes at

10000 rpm, collecting the supernatant. This elution step was repeated two more times
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anti-NGF #167 (4D4) antibody matched both N-terminal sequences of the sample of
anti-NGF #119 (4D4) antibody. In addition, the measured mass of the antibodies
indicated that the isolated antibodies from the #167 and #119 hybridomas were the

15  same. The measured, deconvoluted mass (23096) of the light chain of anti-NGF #167
matched the measured mass (23096) of the light chain of anti NGF Ab #119.

Cloning the anti-NGF Antibody Heavy and Light Chains

The hybridoma expressing the most potent NGF binding monoclonal antibody,

20 4D4.D7, was used as sources to isolate total RNA using TRIzol® reagent
(Invitrogen). First strand cDNA was synthesized using a random primer with an
extension adapter (5’-GGC CGG ATA GGC CTC CAN NNN NNT-3") (SEQ ID NO:

33) and a 5° RACE (rapid amplification of cDNA ends) preparative assay was
performed using the GeneRacer™ Kit (Invitrogen) according to instructions from the

25  manufacturer. For preparing complete light chain encoding cDNA, the forward
primer was the GeneRacer™ nested primer, and the reverse primer was 5’-GGG GTC

AGG CTG GAA CTG AGG-3’ (SEQ ID NO: 34). For preparing cDNA encoding the
variable region of the heavy chain, the forward primer was the GeneRacer™ nested
primer and the reverse primer was 5’-TGA GGA CGC TGA CCA CAC G-3’ (SEQ

30 ID NO 35). RACE products were cloned into pCR4-TOPO (Invitrogen) and the
sequences determined. Consensus sequences were used to design primers for full-

length antibody chain PCR amplification.
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For preparing cDNA encoding anti-NGF 4D4.D7 kappa light chain, the 5’

PCR primer encoded the amino terminus of the signal sequence, an Xbal restriction
enzyme site, and an optimized Kozak sequence (5’-CAG CAG AAG CTT CTA GAC
CAC CAT GGA CAT GAG GGT GCC CGC TCA GCT CCT GGG-3’; SEQ ID NO:

5 36). The 3’ primer encoded the carboxyl terminus and termination codon, as well as a
Sall restriction site (5’-CTT GTC GAC TCA ACA CTC TCC CCT GTT GAA GCT
C-3’; SEQ ID NO: 37). The resulting PCR product fragment was purified, digested
with Xbal and Sal/l, and then gel isolated and ligated into the mammalian expression
vector pPDSR020 (see International Application, Publication No. WO 90/14363,

10 which is herein incorporated by reference for any purpose. pDSR020 was produced
by changing nucleotide 2563 in pDSRal9 from a “Guanosine” to an “Adenosine” by

site directed mutagenesis.).

For preparing cDNA encoding anti- NGF 4D4.D7 heavy chain the 5° PCR
primer encoded the amino terminus of the signal sequence, an Xbal restriction
15  enzyme site, and an optimized Kozak sequence (5’-CAG CAG AAG CTT CTA GAC
CAC CAT GGA GTT GGG GCT GTG CTG GGT TTT CCT TGT T-3’; SEQ ID
NO: 38). The 3’ primer encoded the carboxyl terminus and termination codon, as
well as a Sall restriction site (5’-GCA TGT CGA CTC ATT TAC CCG GAG ACA
GGG AGA G-37; SEQ ID NO: 39). The resulting product was purified, digested with
20 Xbal and Sall, gel isolated and ligated into the pDSR020 vector.

The calculated mass (23099), as determined by translating the nucleotide
sequence to predicted amino acids and adding together the molecular weights of the
amino acids, of the DNA sequence of the light chain of anti-NGF Ab 4D4 clone
matched the measured mass as determined by mass spectrometry. The measured,

25  deconvoluted mass (49479) of the heavy chain of anti-NGF Ab #167 matched the
measured mass (49484) of the heavy chain of anti NGF Ab #119 and also matched the
theoretical mass (49484) of the DNA sequence of the heavy chain of anti-NGF Ab

4D4 clone (Table 3) within instrumental deviation.

The data of N-terminal protein sequence and LC/MS confirmed that
30  hybridoma #119 expressed the same antibody as hybridoma #167. In addition, the
calculated mass of the antibodies based on sequence further confirmed the

observation.



peptide # 19 (SEQ ID NO 74), TNMDGK---, 91-105 peptides # 20-21 (SEQ ID NO
75 - SEQ ID NO 76), QAAWR---, 96-115 Ab binding signal +++ + ++ ++ +++ ++
W esmann w0 2a11/04838ved the crystal structure of hNG- bowmoa/useomios1sse k A
receptor, showing that the N-term nus85(resi dues 2-9) was inportant for
receptor binding (Wesmann et al., 1999, Nature 401:184-8). The residues of
this segnent in 5 NG are also inportant for specificity for trkA over trkB

or trkC receptors. Antibody 4D4 is selective for human NG- over nouse/rat
NGF, as wel| as BDNA#Me¢3 NSummary of Mass Spesscomesey Kindings nal di f f er ences

bet ween human NGFand ot her neur gt rophi ns . .
anti NGF Ab Measured mass of easured mass of  |Theoretical mass derived from DNA
Ab #167 Ab#119 sequence of Ab 4D4
light chain 23096 23096 23099
heavy chain 49479 49484 49484
5 Example 4

Expression of Anti-NGF Antibodies in Chinese Hamster Ovary (CHO) Cells

Stable expression of the 4D4 anti-NGF mAb was achieved by co-transfection
of 4D4-heavy chain/pDSRa19 IgG2 or 4D4-heavy chain/pDSRal9 IgG1l and NGF-

kappa/pDSRa19 plasmids into dihydrofolate reductase deficient (DHFR") serum-free
10 adapted Chinese hamster ovary (CHO) cells using a calcium phosphate method.
Transfected cells were selected in medium containing dialyzed serum but not
containing hypoxanthine-thymidine to ensure the growth of cells expressing the
DHFR enzyme. Transfected clones were screened using assays such as ELISA in
order to detect the expression of 4D4 anti-NGF mAbD in the conditioned medium. The
15  highest expressing clones were subjected to increasing concentrations of methotrexate
(MTX) for DHFR amplification. MTX amplified clones were screened using assays
such as ELISA in order to detect higher expression of 4D4 anti-NGF mAb in the
conditioned medium. The highest expressing clones were subjected to subcloning to

obtain a homogeneous population and creation of cell banks.

20 Recombinant anti-NGF antibodies of the invention can be generated in
Chinese hamster ovary cells deficient in DHFR using the same protocol as described
above for the anti-NGF monoclonal antibody. The DNA sequences encoding the
complete heavy chain or light chain of each anti-NGF antibody of the invention are
cloned into expression vectors. CHOd-cells are co-transfected with an expression

25  wvector capable of expressing a complete heavy chain and an expression vector
expressing the complete light chain of the appropriate anti-NGF antibody. For
example, to generate the anti-NGF antibody, cells are co-transfected with a vector
capable of expressing a complete heavy chain comprising the amino acid sequence as

set forth in SEQ ID NO: 40 and a vector capable of expressing a complete light chain
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15 2,500 RPM for 10 minutes at 4°C to remove the conditioned medium. The cells were

resuspended in serum-free DMEM and centrifuged again at 2,500 RPM for 10

AILINOJ

minutes at 4°C. After aspirating the wash solution, the cells were resuspended in
growth medium [DMEM/F12 (3:1) + 1X Insulin-Transferrin-Selenium Supplement +
1X Pen Strep Glut + 2mM L-Glutamine + 20 mM HEPES + 0.01% Pluronic F68] in a
20 1L or 3L spinner flask culture. The spinner flask culture was maintained on magnetic
stir plate at 125 RPM which was placed in a humidified incubator maintained at 37°C
and 5% CO,. The plasmid DNA was complexed to the transfection reagent in a 50 mL
conical tube. The DNA-transfection reagent complex was prepared in 5% of the final
culture volume in serum-free DMEM. 1 pg plasmid DNA/mL culture was first added
25 to serum-free DMEM, followed by 1ul X-TremeGene RO-1539/mL culture. The



Exanpl e 10 lIdentification of additional anti-NGF antibodi es 25Addi ti onal
anti-NGF anti bodi es (designated 14D10, 6®&, 7H2, 14Fl1l1, and 4&5), generated
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5 For roller bottle transient transfections, we used 293T adherent cells grown
and maintained in DMEM supplemented with 5% FBS + 1X Non-Essential Amino
Acids + 1X Pen Strep Glut + 1X Sodium Pyruvate. Approximately, 4-5 X 107 293T
cells were seeded in a 850 cm? roller bottles overnight. The previously seeded cells
were then transfected the following day using FuGene6 transfection reagent. The

10  DNA —transfection reagent mixture was prepared in approximately in 6.75 mL serum-
free DMEM. 675 ul FuGene6 transfection reagent was first added, followed by 112.5
ug plasmid DNA. The complex was incubated at room temperature for 30 minutes.
The entire mixture was then added to a roller bottle. The roller bottle was gassed with
a 5% CO; gas mixture, capped tightly and placed in a 37°C incubator on a roller rack

15  rotating at 0.35 RPM. The transfection was performed for 24 hours after which the
medium was replaced with 100 mL DMEM + 1X Insulin-Transferrin-Selenium
Supplement + 1X Pen Strep Glu + 1X Non-Essential Amino Acids + 1X Sodium
Pyruvate. Typically, two 100ml 48 hour harvests were obtained from each roller
bottle. The harvested serum-free conditioned medium was pooled together and

20  centrifuged at 4,000 RPM for 30 minutes at 4°C.

Both 4D4.1gG1 and 4D4.1gG2 showed potent activity with ICsy values of
about 0.14 nM to about 0.2 nM against human NGF (Figure 2). The results of the
activity assay are summarized in Table 5. The antibodies showed little activity
against rat NGF (Figure 3). The results resemble the activity of the antibodies tested

25  directly from hybridomas described above.

TABLE 5
Ab ICS0@ | IC50 @
hNGF (nM) [rNGF (nM)
4D4.IeG1.R 0.1488 >34 nM
4D41¢G1.S 0.1587 > 45 nM
4D41eG2.R 0.2047 > 59 nM
4D41G2.S 0.2063 >37nM




hNGF (nM 1C50 @rNG- (nM 7H2 3.294 1.748 cloned 7H2-rFc 0.963 0.792 6H9
3.172 1.699 cl oned 6H9-rFc 13.93 0.653 14D10
WO 2011/049758 PCT/US2010/051960
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hNGF = human NGF, rNGF = rat NGF, R = Roller culture,

S = Spinner culture
Example 6

Production of anti-NGF Antibodyv

5 Anti-NGF antibody is produced by expression in a clonal line of CHO cells.
For each production run, cells from a single vial are thawed into serum-free cell
culture media. The cells are grown initially in a T-flask followed by spinner flasks
and then grown in stainless steel reactors of increasing scale up to a 2000L bioreactor.
Production is carried out in a 2000L bioreactor using a fed batch culture, in which a

10 nutrient feed containing concentrated media components is added to maintain cell
growth and culture viability. Production lasts for approximately two weeks during
which time anti-NGF antibody is constitutively produced by the cells and secreted

into the cell culture medium.

The production reactor is controlled at a predetermined pH, temperature, and
15  dissolved oxygen level: pH is controlled by carbon dioxide gas and sodium carbonate

addition; dissolved oxygen is controlled by air, nitrogen, and oxygen gas flows.

At the end of production, the cell broth is fed into a disk stack centrifuge and
the culture supernatant is separated from the cells. The concentrate is further clarified
through a depth filter followed by a 0.2 um filter. The clarified conditioned media is

20  then concentrated by tangential flow ultrafiltration. The conditioned media is
concentrated 15- to 30- fold. The resulting concentrated conditioned medium is then

either processed through purification or frozen for purification at a later date.

Example 7

25 Cross-Reactivity with Other Neurotrophins

The 4D4 antibodies were tested for their cross-reactivity against human NT3
or human BDNF in different bioassays, including the DRG neuron survival assay for

human NT3 and the assay of DA uptake in cultured DA neurons for human BDNF.

30  Treatment of DRG cultures with NT3, anti-NT3 and anti-NGF antibodies



0.3918 > 13 cloned 14D11 0.2803 > 20 cloned 4G5 0.414 > 10 cl oned

The sequences of the light and heavy chain variable regions of these

ant i bodi esOoweri@4p1s8n conpared to the 4D4 anti body sequeRC®/USa&l0x1960 as t O
each other 5 (Figures 5 and 6). The p¥rcent honnlogies of the heavy chain

vari abl e reglo i deptified f t hese conparis e.s i n Table
11. The percent ™R r%@ﬁ%fsplaffm& ARG fgqi"ts (FRlRb papseaBice @rgl?%n%&aﬁ d"shown in
Table 12. Eliinpdd) 0 ek iBe wRENE&RHLIATINGE 900 4 e (M) ealapaiued the
various antibodi es are shown in Figures 5-10. Table 11 4D4
anti-hNT3 antibody (R&D) was used as a positive control. Unknowns (antl-NGF Ab
samples) were added at various concentrations with 10 point, 3.16 fold serial
5  dilutions. All the samples were diluted in complete medium before being added to the

cultures.

Measurement of MAP?2 expression in DRG Neurons

Cultures were fixed with 4% paraformaldehyde in Hanks’ balanced salt

10 solution for 15 min, blocked with Superblock (Pierce) for 1 hour and permeabilized
with 0.25% Nonidet P-40 (Sigma) in Tris-HCI (Sigma)-buffered saline (TBS) for 1

hour in room temperature (RT). Cultures were rinsed once with TBS containing 0.1%
Tween20 (Sigma) and incubated with mouse anti-MAP2 IgG (Chemicon, Temecula,

CA) for 1.5 hour at room temperature, followed by incubation of Eu-labeled anti-

15 mouse secondary antibody (Wallac Oy, Turku, Finland) for 1 hour at room
temperature. Washes with TBS (3 x 5min with gentle shaking) were applied after

cach antibody incubation. Enhance solution (150 ml/well, Wallac Oy) was added to

the cultures and fluorescence signal was then measured in a time-resolved fluorometer

(Wallac Oy).
20
Embryonic Mesencephalic Culture

Embryonic 19 day old (E19) Sprague-Dawley rats (Jackson Labs) were used.

Ventral midbrain tissue enriched for dopaminergic neurons was removed and
transferred to cold, Dulbecco’s phosphate buffered saline (DPBS), pH 7.4, without

25 Ca' and Mg (Gibco). The tissue fragments were dissociated into single cell
suspension using a papain dissociation system (Worthington Biochemical Corp.,
Freehold, NJ). Briefly, tissue fragments were incubated in a digestion solution
containing 20 unit/ml papain in Earle’s Balanced Salt Solution (EBSS) at 37°C for 50

min. Cells were dissociated by trituration through fire-polished Pasteur pipettes in a

30  dissociation medium consisting MEM/Ham’s F12 1:1, 1 mg/ml ovomucoid inhibitor
and 1 mg/ml ovalbumin and 0.005% deoxyribonuclease 1 (DNase). The dissociated

cells were pelleted at 200 x g for 5 min and resuspended in EBSS containing 1 mg/ml
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ovomucoid inhibitor, 1 mg/ml ovalbumin and 0.005% DNase. Cell suspension was

centrifuged through a gradient solution containing 10 mg/ml ovomucoid inhibitor, 10

mg/ml ovalbumin at 200 x g for 6 min to remove the cell debris; and filtered through

a 25 ug Nitex nylon mesh (Tetko, Inc.) to remove the clumps. The dissociated cells

5 were plated in tissue culture plates at a density of 100,000/cm®. The plates were pre-

coated with poly-ornithine 100 ug/ml (Sigma) and mouse laminin 1 pg/ml (Gibco

BRL) as previously described (Louis JC et al., J. Pharmacol. Exp. Ther. 1992,

262:1274-1283.). The culture medium consisted of minimal essential medium

(MEM)/Ham’s F12, 1:1, 12% horse serum (Gibco), 100 pg/ml transferrin and 2.5

10 ug/ml insulin (Sigma). The cultures were kept at 37°C, 5% CO2 and 100% humidity
for 6 days.

Treatment of Mesencephalic Cultures with BDNF and anti-BDNF or anti-NGF

BDNF at 10 ng/ml was added to the cells 2 hours after plating, followed by
15  serial concentrations of anti-NGF Ab samples. Anti-BDNF antibody (generated at

Amgen) was used as a positive control.

DA Uptake in Mesencephalic Neurons

Dopamine uptake assay were carried out as described previously (Friedman,
20 L. and Mytilineou, C., Neuroscience Letters 1987; 79:65-72). At day 6, cultures were
washed once with pre-warmed Krebs-Ringer’s phosphate buffer (pH 7.4) containing
5.6 mM glucose, 1.3 mM EDTA and 0.5 mM pargylin, a monoamine oxidase
inhibitor. The cultures were incubated in uptake buffer containing 50 nM ["H]DA
(NEN) for 60 minutes at 37°C. Uptake was stopped by removing the uptake buffer,
25 and the cultures were washed three times with Krebs-Ringer’s phosphate buffer.
Cells were lysed to release ['HJDA by adding a liquid scintillation cocktail,
opticphase supermix (Wallac), directly to the cultures. The cell lysates were then
counted for radioactivity in a microbeta-plus liquid scintillation counter (Wallac,
Inc.). Low affinity DA uptake was assessed by adding 0.5 mM GBR12909, a specific
30  inhibitor of the high affinity DA uptake sites (Heikkila RE and Mazino L, European
Journal of Pharmacology 1984; 103:241-8), to the uptake buffer, and subtracted from

the total uptake amount to obtained the high affinity DA uptake value.
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Table 6
IC50 @
. IC50 @
Antibody hNT-3
(M) | PBDNF @)
4D4 (1eG2) | >13.75 >13.75
Example 8

Identification of an Epitope for anti-NGF Antibodies

Epitope Mapping by Limited Proteolysis

Five micrograms (ug) of NGF were incubated with 4D4 (11 pg) for 30
minutes at 4°C in 0.1M Tris buffer, pH 7.5. The complex was then digested with
protease (subtilisin) 1 pg at 37°C for 1 and 2 hours. HPLC peptide maps were
compared to each other to find the peptides that were protected by the 4D4 antibodies.
Limited proteolysis of NGF indicated that several major peptides were initially
released from NGF. Of particular interest, peptides S18.3, S18.5, and S34.4 were
generated and protected with antibody from the proteolysis. Other peaks were not
significantly formed or protected. The protected peptides from two experiments (1

hour and 2 hour digestion) are shown in Table 7.

Table 7
% protection
1 hour 2 hour
digestion digestion
S16.1 QAA (96-98) C-terminal -- 57
S18.3 FFETK (53-57) Loop 40 45
(SEQ ID NO: 45) region
S18.5 SSSHPIFHR (1-9) N-terminal 40 50
(SEQ ID NO: 46)
(HWNSY)*
(SEQ ID NO: 47)
S34.4 | NSVEKQYFFETK (46- Loop 69 38
57) region
(SEQ ID NO: 48)

The percentage of protection was calculated from the peptide peak height.
S18.5 contained two peptides, but only one peptide (SSSHPIFHR; SEQ ID NO: 46)
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was protected with the 4D4 antibody, since the other peptide peak (HWNSY; SEQ ID
NO: 47) was unchanged by the addition of 4D4 antibodics, as detected at 280 nm
absorbance. Peptide S18.3 was a C-terminal part of S34.4, both from the same loop

region. N-terminal and central loop regions were also possible epitopes.

Microcon Separation of Digested Peptides

The subtilisin-digested material (3 pg each) was incubated with active 4D4
antibodies and an inactive monoclonal antibody (#162) (8 pg) for 30 minutes at 4°C
in 0.1 M Tris buffer, pH 7.5. The bound/unbound peptides were separated by
Microcon 10 (Millipore Corp., Bedford, Mass) and both fractions (bound and
unbound) were analyzed by HPLC to find peptides bound to antibodies. Two
depleted peaks identified by HPLC comparison of the unbound fractions after
treatment with 4D4 antibodies and #162 and Microcon separation were recovered,

indicating antibody bound peptides. The 4D4 bound peptides were:
S1(4.4) ----SRKAVRR (113-119) (SEQ ID NO: 49), C-terminal; and
S2 (28.3) ----EVMVL (35-39) (SEQ ID NO: 50), Loop region.

An NGF sample was alternatively digested with Lys-C (K) for 24 hours.
Cysteine residues were reduced and carboxymethylated without denaturant. The
sample was incubated with monoclonal antibodies 4D4 and AMG162, followed by
Microcon 100 separation. Bound and unbound fractions were analyzed by reversed
phase HPLC. Only two peptides were identified as antibody binding K-peptides as
indicated below. The calculated mass for the peptides determined by sequence
analysis and the mass spectrometry of the peptides were consistent. The peptides, as

indicated below, mapped to the N-terminal and C-terminal region.
K1(37.6) ----SSSHPIFHRGEFSVCDSVSVWVGDK (SEQ ID NO: 51)
Calculated mass = 2821; Observed mass = 2828.2; N-terminal
K2(39.5) ----QAAWRFIRIDTACVCVLSRK (SEQ ID NO: 52)
Calculated mass = 2452; Observed mass = 2459.5; C-terminal

The preceding epitope mapping experiments indicated that at least three

regions were possible epitopes for the 4D4 antibodies, including N-terminus (1-9),
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internal (46-57), and C-terminal (96-98) regions. In addition, an AspN digestion
revealed that a peptide fragment consisting of ---SSHPIFHRGEFSVC--- (SEQ 1D
NO: 53) was protected by the 4D4 antibody, whereas a trypsin digestion showed that
a peptide fragment consisting of ---SSHPIFHR---- (SEQ ID NO: 54) was not
5  protected by the 4D4 antibody. Thus, in the N-terminus, the sequence of GEFSVC
(SEQ ID NO: 55) is most important for binding to 4D4 antibodies.

In order to more clearly define the epitope for the anti-NGF antibody
4D4.1gG1, a total of 23 peptides were generated synthetically using standard
techniques based on the entire human mature NGF (hNGF) sequence (Table 8). The

10 peptides were 15 amino acids long, overlapping by 10 amino acids, and cysteine-

tailed at the C-termini to allow for conjugation to a matrix. The human anti-hNGF Ab

4D4.1gG1 described above was used for the mapping experiment.

Table 8
Peptide # Sequence SEQ ID NO
33582-27-01 |SSSHPIFHRGEFSVC (1-15) 56
33582-27-02 IFHRGEFSVADSVSVC (6-20) 57
33582-27-03 EFSVADSVSVWVGDKC (11-25) 58
33582-27-04 DSVSVWVGDKTTATDC (16-30) 59
33582-27-05 WVGDKTTATDIKGKEC (21-35) 60
33582-27-06 TTATDIKGKEVMVLGC (26-40) 61
33582-27-07 IKGKEVMVLGEVNIN (31-45) 62
33582-27-08 VMVLGEVNINNSVFKC (36-50) 63
33582-27-09 EVNINNSVFKQYFFEC (41-55) 64
33582-27-10 NSVFKQYFFETKARDC (46-60) 65
33582-27-11 QYFFETKARDPNPVDC (51-65) 66
33582-27-12 TKARDPNPVDSGARDC (56-70) 67
33582-27-13 PNPVDSGARDIDSKHC (61-75) 68
33582-27-14 SGARDIDSKHWNSYC (66-80) 69
33582-27-15 IDSKHWNSYATTTHTC (71-85) 70
33582-27-16 WNSYATTTHTFVKALC (76-90) 71
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Peptide # Sequence SEQ ID NO

33582-27-17 [TTTHTFVKALTMDGKC (81-95) 72

33582-27-18 FVKALTMDGKQAAWRC (86-100) 73

33582-27-19 TMDGKQAAWRFIRIDC (91-105) 74

33582-27-20 QAAWRFIRIDTAAVC (96-110) 75

33582-27-21 [FIRIDTAAVAVLSRKC (101-115) 76

33582-27-22 TAAVAVLSRKAVRRAC (106-120) 77

33582-27-23 CAAVAVLSRKAVRRA (107-120) 78

The human NGF peptide fragments were diluted in PBS with 5% DMSO, 1
mM EDTA, pH 6.23. The final peptide concentration was normalized to the same
5  molar concentration at 55 uM (about 100 pug/ml). Peptides were incubated in Reacti-
Bind Maleimide activated 96 well microtiter plates (Pierce Cat # 15150), 100 ul/well,
at room temperature for 2 hours and then at 4°C overnight with agitation. Human
NGF (100 pg/ml) was used as positive control. The plates were washed with wash
buffer (KPL) and blocked with 0.2% non-fat dry milk (in PBS-EDTA buffer, pH
10 6.23) for 2 hours at room temperature and then further blocked with 5% BSA for 1
hour. Plates were then incubated with the human anti-NGF antibody at various
concentrations (0, 3, 10, 30 ug/ml), followed by goat anti-hFc Ab-HRP (KPL) for 2
hours. Signal was developed with TMB substrate and read at 450 nm after addition of

stop solution (KPL).

15 Across the 23 human NGF peptides, at least 4 major peaks were observed,
indicating 4D4 binding. These peaks corresponded to the following peptides: Peptide
# 1 (SEQ ID NO: 56), SSSHPIFHRGEFSVC (1-15); Peptide # 10 (SEQ ID NO: 65),
NSVFKQYFFETKARD (46-60); Peptides # 16 — 17 (SEQ ID NO: 71-SEQ ID NO:
72), WNSYATTTHTFVKAL--- (76-95); and Peptides # 18 — 21 (SEQ ID NO: 73 -
20 SEQ ID NO: 76), TTTHT--- LSRKC (100-115).

The four binding peaks of 4D4 mapped to the N-terminus, C-terminus,
internal domains, as well as loops L2 and L4 in NGF as described in Weismann et al.

(1999, Nature 401:184-8). These results are summarized in Table 9.

25 Table 9
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hNGF epitopes N-terminus L2 Internal L4 Internal C-terminus

peptide # 1 peptide # 10 peptide # 16 peptide # 17 peptide # 19 | peptides # 20-21
(SEQID NO: | (SEQID NO: | (SEQID NO: | (SEQIDNO: | (SEQID NO: |(SEQID NO: 75 -

Peptide # 56), 65), 71), 72), TMDGKQ-- 74), SEQ ID NO:76),
SSSHPI-—, NSVFKQ---, WNSYA---, - TMDGK---, QAAWR---,
1-15 46-60 76-90 81-95 91-105 96-115
Ab binding signal +++ + ++ ++ +++ ++

Wiesmann et al. solved the crystal structure of hNGF bound to the trkA
receptor, showing that the N-terminus (residues 2-9) was important for receptor
binding (Wiesmann et al., 1999, Nature 401:184-8). The residues of this segment in
NGF are also important for specificity for trkA over trkB or trkC receptors. Antibody
4D4 is selective for human NGF over mouse/rat NGF, as well as BDNF and NT-3
most likely because N-terminal differences between human NGF and other

neurotrophins.

Antibody 4D4 binds to peptide #10 (SEQ ID NO: 65) (NSVFK---, 46-60) and
peptide #17 (SEQ ID NO: 72) (TTTHTFVKALTMDGKC, 81-95), corresponding
respectively to loops L2 and L4, which represent two of seven distinct regions with
higher than average sequence diversity among the neurotrophins.  Swapping
experiments between NGF and BDNF of these seven regions showed that L2 and L4
were important for the biological activity of NGF. Furthermore, substitution of five
NT3 residues in loops L2 and L4 with those of NGF introduced NGF-like activity
while maintaining NT3 activity. Thus, L2 and L4 are likely regions where antibody
4D4 bind selectively to NGF rather than to BDNF or NT-3.

Antibody 4D4 also binds to peptide #16 (SEQ ID NO: 71)
(WNSYATTTHTFVKAL, 76-90), matching an internal domain of the NGF crystal
structure. This region is 100% homologous between human NGF and mouse NGF,
but distinct from other neurotrophins. 4D4 showed much weaker activity against
rat/mouse NGF when compared to its activity against human NGF. Thus, binding to
this part of NGF is most likely not critical for species specificity but is important for

selectivity amongst neurotrophins.

Antibody 4D4 also binds to the C-terminal region of NGF (peptides # 19-21
(SEQ ID NO: 74 — SEQ ID NO: 76) TMDGK---LSRKC, 91-115), which is one of the
regions of human NGF that distinguishes NGF from other neurotrophins (BDNF and
NT3). Binding to this region helps to explain why 4D4 is not active against other
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neurotrophins. Furthermore, there is a single amino acid difference between human
NGF and mouse NGF in the C-terminus, suggesting that this single amino acid may
be one of the reasons 4D4 is selective for human NGF over rat/mouse NGF, similar to

the N-terminus where species differences are observed.

5 Lastly, 4D4 also interacts with an internal domain described by peptide #10
(SEQ ID NO: 65) (---KARDC, 50-60) of human NGF, which is an important region
for NGF binding preferentially to trkA, rather than trkB or trkC, further explaining its

selective neutralization activity against human NGF.

10 Example 9

Affinitv Measurement of Monoclonal Antibodies by KinExA

Binding of Ab 4D4 (38859-80) to huNGF (29714-91) was tested on KinExA.

Briefly, Reacti-Gel 6x (Pierce) were pre-coated with huNGF and blocked with BSA.

10 pM and 30 pM of Ab 4D4 samples were incubated with various concentrations of

15 huNGF (Amgen) at room temperature for 8 hours before run through the huNGF-
coated beads. The amount of the bead-bound antibody was quantified by fluorescent
(Cy5) labeled goat anti-human-IgG antibody (Jackson Immuno Research). The
binding signal was proportional to the concentration of free antibody at equilibrium.
Dissociation equilibrium constant (Kp) was obtained from nonlinear regression of the

20  competition curves using a dual-curve one-site homogencous binding model

(KinEx™ software). The K was about 4 pM for Ab 4D4 binding to huNGF.

Example 10

Identification of additional anti-NGF antibodies

25 Additional anti-NGF antibodies (designated 14D10, 6G9, 7H2, 14F11, and
4G6), generated and identified as described in Examples 2 and 3 above, were selected
for further study. Briefly, conditioned media was tested for binding activity.
Antibodies from the media were purified and sequenced. The predicted mass was
compared with mass spectrometry data of antibodies from the conditioned media.

30  The antibodies were cloned. Two of the clones were expressed in CHO cells and

tested for activity as described above. The results are shown in Table 10.
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Table 10
IC50 @ IC50 @ IC50 @ IC50 @
hNGF rNGF Molecular hNGF rNGF
clone (nM) (nM) Notes Clone (nM) (nM)
7H2 3.294 1.748 cloned 7H2-rFc 0.963 0.792
6H9 3.172 1.699 cloned 6H9-rFc 13.93 0.653
14D10 0.3918 >13 cloned
14D11 0.2803 > 20 cloned
4G6 0.414 >10 cloned

The sequences of the light and heavy chain variable regions of these

antibodies were then compared to the 4D4 antibody sequence, as well as to each other

5 (Figures 5 and 6). The percent homologies of the heavy chain variable regions as
identified from these comparisons are shown in Table 11. The percent homologies of
the light chain variable regions are shown in Table 12. In addition, the percent
homologies of the CDR regions of the various antibodies are shown in Figures 5-10.

Table 11
4D4 VH | 14D10 VH | 6H9 VH | 7H2 VH | 14D11 VH | 4G6 VH
4D4 VH 100% 70.9% 70.1% | 75.6% 47.2.% 73.4%
14D10 VH 100% 95.3% 85% 54.3% 81.1%
6H9 VH 100% 86.6% 54.3% 81.1%
7H2 VH 100% 51.2% 79.8%
14D11 VH 100% 56.8%
4G6 VH 100%
10
Table 12
V4D4 |14D11| 4G6a | 4G6b | 4G6¢ | 14D10 4G6d
VK | LC LC Lc | LC Lc |6H9LC LC 7H2 LC| 4G6e
V4D4
vK | 100% | 89% | 91% | 72% | 7T4% | 69% | 71% | 71% | 70% | 73%
14D11
LC 100% | 94% | 68% | 71% | 67% | 68% | 68% | 68% | 70%
4Gba
LC 100% | 69% | 74% | 68% | 70% | 70% | 69% | 71%
4G6b
LC 100% | 87% | 83% | 86% | 86% | 86% | 96%
4Gbc 100%| 91% | 94% | 94% | 94% | 91%
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LC

14D10
LC 100% | 91% | 94% | 94% | 86%

6H9

LC 100% | 99% | 98% | 89%

4G6d

LC 100% | 99% | 89%

7H2 .
Lo 100%

4G6e 100%

Example 11

Safety and tolerability of subcutaneous NGF antibody in humans

The objectives of this study were to evaluate the safety and tolerability of

5 multiple subcutancous (SC) doses of antibodies to nerve growth factor (NGF
antibody) in subjects with osteoarthritis (OA) knee pain and to examine the serum
pharmacokinetics (PK) of NGF antibodies following administration of multiple SC
doses of the NGF antibodies to subjects with OA knee pain. Clinical benefits of
multiple SC doses were assessed by the Western Ontario and McMaster Universities

10 Arthritis Index [WOMAC™3.1].

A phase I, sequential randomized, double-blind placebo-controlled, multiple
dose, dose escalation study in subjects with OA knee pain was conducted. The study
design included 4 cohorts of subjects with 8 subjects in each cohort (n=32). Three
dose levels (3 mg, 10 mg, 20 mg) of NGF antibodies were used. The NGF antibodies

15 wused in this study were fully human monoclonal antibodies made similar to the
procedures set forth (herein? — Do we want to confirm/clarify the production methods

of these phase I mAbs?).

Although variability of the efficacy data was large and the study was not

powered to evaluate the statistical significance of the efficacy measures, pain-related

20  treatment effects seemed apparent. Mean total WOMAC scores, mean WOMAC
subcategory scores, mean patient global discase assessment, and mean physician
global disecase assessments showed a general trend of improvement at the first time

point after the first dosing in the treatment groups with effects maintained throughout

the dosing period. These trends were not as apparent in the placebo group. After the

25  final dose of the NGF antibody, treatment effects trended towards baseline over time.
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After single or multiple SC dose administration to subjects with OA knee pain,

NGF antibody exposure appeared to increase approximately in proportion to the dose

in the dose range of 3 mg to 20 mg. Median Ty ranged from 7.5 to 11.5 days.
Adverse events (AEs) were reported as treatment-related for 10 subjects (56%) in the

5 treatment groups and for 2 subjects (33%) in the placebo group. No subjects
discontinued the study early because of AEs. However, because of Grade 2
neurosensory AEs, the protocol-specified stopping rule became applicable such that 5
subjects in a cohort (2 placebo, 3 treated) did not receive the fourth and final dose of

the investigational product. Neurosensory AEs appeared to be dose-dependent.

10 In male and female OA subjects between the ages of 36 and 63 years of age,
multiple SC dosing appeared to be well tolerated at the doses administered in this
study except for treatment-emergent, possible dose-dependent neurosensory events
(mild or moderate in severity) reported for 4 of 6 subjects who received 20 mg of the
antibody. NGF antibody exposure appeared to increase approximately in proportion

15  to the dose in the dose range of 3 mg to 20 mg. Terminal phase half-life (1, ) ranged
from 20.3 to 26.4 days.

It should be understood that the foregoing disclosure emphasizes certain
specific embodiments of the invention and that all modifications or alternatives
equivalent thereto are within the spirit and scope of the invention as set forth in the

20  appended claims.
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sust ai ned rel ease, systens or by inplanptation devices, a pharmaceutically
of fect i ve anoliil: SFIRORERY SR UBEy o BmaepheAl s mEPS PRAY UG el n t he

injection is ReBddGMbRRCANSIHaRE&UVAReraBmotilg TBEsPREORS, gehidduMndry, Wher ei n

t he pharmaceutically effective anmount of the NGF antlbogy is fromabout 3
my to about 3@ustrginpetingludyvascake oeG@onsnveundsohurng, allttme sken hadtiofs, cl ai m 2,
wherein the subcut aneous injection conpri,ses, nmultiple subcutaneous

'nj ections. SV VHLYSo 4 RFe ST R ARERISTY, Rt ot WROPEORe Ut & pai n,
dental pain, @ajdendlnddsrd, Masobtosdialefdd rhp@tif or BAdnthia€8idbiderng from

anput ati on or abscess, causal gia, denyelinating di seases, trigemna

neural gi a, cafearcnowhewnilyspapedestiepphaged keflux, Rancagatiéls paiviscespigit.one,

di abetes, acquired i nmmune deficiency syndrone ("AIDS"'), toxins,
chenot her apy, general headache, m graine, cluster headache, m xed-vascul ar
or non-vascul @he siythdd offeRim Senhateh theastacdithritig tnestaarthiifi$ mgegiairon,
arthritis, rheumatic di seases, lupus, osteoarthritis, fibronyalgia,

i nfl ammat ory bowel disorders, irritable bowel syndrone, inflamuatory eye
di sorders, | MhEHIBLALY Afm BIThaRlANLIALIRN ith SALdBhSusRRRLAGS! S, SKI N
conplaints with infllammatory conponents, sunburn, carditi's, dermatitis,
nyositis, neuritis, collagen vascul ar di seases, chronic inflamuatory

conditiops, inflammuatory pain and. associ at ed hyper al gesi a and | odyni a,
neur opat fii ¢ pﬁhma 498 %Bra’za erﬁﬁ?p%?ﬁ @@@F%}l%%ﬁsé?%gvﬁiaa@uaﬁ offes c

neur opat hy paNGF YBB&} Retdnt fbdux 3MRE 1 MolETh mEPbr PcBandRATABERIM at i on
syndronmes, asthma, epithelial tissue damage or dysfunction, "herpes sinplex,

di sturbances of visceral notility at respiratory, genitourinary,
gastrointestinal o ascul ar, regi ons unds, burns, all.ergic skin

Paact i on. pr s wlot O EtR TR R S e LSl SFadPeh cor i s,
gastric ul cer @m@ikingpilemateudsiey @ecgycam@ FRirRF af ardisbRicdiatibddyi tis, or
bronchi al disorders, dysnmenorrhoea, dyspepsia, gastroesophageal refl ux,
pancreatiti s, waercij tge antihogy gompriscstidight chad cempasiag FES IDWNE): 41 and pe
osteoarthritisg,l it paj n. 7. The method of claim6é,
wherein the i%?e fﬁ%h%?§$égé%§gg%§ggﬁa§ﬁ%njection. 8. The method of claim
7, wherein the pharmaceutically effective amount of the NGF antibody is
from about 3 to_about 3 per subcutaneous injection, 9. The nethod of

30 ( | ]
cl ai m 1, 1&onpt hemagog ahrla ?g\!;fh?r_smaﬁhﬁha%vwéémnééﬁ bl thr Rikdipri sing a
phar maceut | caéﬂexoﬁ%%@}@g% ﬁeyﬁﬁ_@ﬁi‘nﬁ&t@@&n?&‘sih%fégﬂ%%daﬁ%%%wy’ wherein the

anti body conprises a chain conpri sing and a heavy chain

conprising SEQ ID. NO 40.
11. The method of claim 1, wherein the NGF antibody is a Fab' antibody.

12. The method of claim 1, wherein the NGF antibody is a (Fab’); antibody.

13.  The method of claim 1, wherein the NGF antibody is fully human.

14. The method of claim 1, wherein the NGF antibody is humanized.

15.  The method of claim 1, wherein the NGF antibody inhibits NGF signaling.



10. The nmethod of claim9, wherein the heavy chain and |light chain of the
anti body are connected by a flexible Iinker to forma single chain

anti body.wokoiifhiersaet hod of claim 1, wherein the NG= antChasyoiosseet-ab’

anti body. 12. The nethod of claim11, wherein the NG antibody is a (Fab')2
anti body. 13. The nethod of claimi1, MRerein the NGF antibody is fully
human. 14. The nethod of claim1, wherein the NG anti body is humani zed.

15. The method of claim1l, wherein the NG- anti body inhibits NG signaling.
102 16. The nethod of claim1l, wherein the NG- anti body conprises a |ight

chain coppri stpg ngERd Br N@im?4, dbdredn Qﬁ@mpﬁﬁtlﬂo(gpe&hbﬁéégga Heh NG 40
and the heavy chain and |ight chain of the antibody are connected by a

flexible |inkempifoSERADsNAYHE andai hﬁaamtqhbmcty)mpmmgﬂiéQ Bt NOd 46fand| ai m

16, wherein the t|b i,S,a Si |n Fv _anti 18. The net hod
of cl'aim 16, (REPE AL RCet T Rindy S pougr onBReeR kst in Il hoq o
claim 16, mhe@gbﬁnh@ggﬂﬁﬁw@p&ﬁgggy is a (Fab')2 anti body. 20. The nethod of
claim 16, wherein the NG antibody is fully human. 21. The nethod of claim

16, wherein the NG- antlbody i's hunmani zed. 22. The nethod of claim 16,

wherein H"e ,'[\‘ﬁge ﬁg@' ?X]ta)lonl% flé?i’elﬁcff ﬁl'(ﬁ’na%tllbngy H%BSII}%T{IM%h %ﬂtl&%d claim

16, wherei'n di'ss6ci ates from Yde with
a KD of about 1 x 10-9 or Iess and neutralizes human NG bloact|V|ty in a
standard |n vitro assa an 1 C50 of about 1 x 10-8 or |ess. 24. The

met hod ot8-cl aff i methogye épl@mﬁ 1 nwhegein the N oryibasts sochakt @¥ibpdym a hunan NGF
pol ypeptide with a KD of about 1 x 10-10 or |ess and neutralizes human NGF
bi oactivity in a standard in vitro assay with an I C50 of about 1 x 10-9 or

| ess. 2519.TheThetnkthdd of claimailf) dbereinttbe BIGY dntibodEs aa(ifbb Doayibddgsoci at es from
a human NGF pol ypeptide with a KD of about 1 x 10-11 or |ess and
neutral i zes human NGF bioactivity in a standard in vitro assay with an | C50

of about)@. 2 ¥hdQefhollof bRER 16, wherein the NGF antibody is fully human.
21. The method of claim 16, wherein the NGF antibody is humanized.
22. The method of claim 16, wherein the NGF antibody inhibits NGF signaling.

23.  The method of claim 16, wherein the NGF antibody dissociates from a human
NGF polypeptide with a K of about 1 x 107 or less and neutralizes human NGF

bioactivity in a standard in vitro assay with an ICsy of about 1 x 10 or less.

24.  The method of claim 16, wherein the NGF antibody dissociates from a human
NGF polypeptide with a K of about 1 x 107'° or less and neutralizes human NGF

bioactivity in a standard in vitro assay with an ICsy of about 1 x 10” or less.

25.  The method of claim 16, wherein the NGF antibody dissociates from a human
NGF polypeptide with a Kp of about 1 x 107! or less and neutralizes human NGF

bioactivity in a standard in vitro assay with an ICsy of about 0.2 x 10 or less.



