Human anti-NGF Neutralizing Antibodies as Sel ective NG Pat hway I nhibitors
This application is related to and clains priority to U S. provisional
application Serial No. 60/487,43 1, filed July 15, 2003, the disclosure of
which is incorporated by 5 reference herein. FIELD OF THE | NVENTI ON The
invention relates to human nonocl onal antibodies that bind nerve growh
factor (NGF). Conpositions and nethods for treating pain and pain-rel ated
di sorders are 10 al so descri bed. BACKGROUND OF THE ]I NVENTI ON Every day,
nore than two million people in the United States are incapacitated by
chronic pain (Jessell and Kelly, 1991, "Pain and Anal gesia" in PRI NCl PLES OF
15 NEURAL sdim&anGMEHeutr@muﬁboséﬂam&lzmvaM}IﬂBstmaw Inkibiters El sevi er,
New York). Unfortunately, current treatnments for pain are only partially
effective, and many of these treatnments thenselves cause debilitating or
dangerous side effects. For exanple, although non-steroidal
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w th opioids also frequently experience confusion, and |ong-term opioid use
is associated with tolerance and dependence. Local anesthetics such as

|'i docai ne and nexiletine sinultaneously inhibit pain and cause | oss of
normal sensation. 25 Pain i FIRELPOETHE INVENEEN on signals received from
the environment and transmtted and interpreted by the nervous system (for
review, see M | Thninvi@idg, reRtesgo huhdemmﬂinodbnal EHnbbdfbﬁfﬂ)at bida harves gebithrul | such
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noci cepfipi ORlso ABAribdde peri pheral sensory neurons that nediate it are

noci ceptors. Depending on the strength of the signal fromthe nociceptor(s)

and the abstraction and elaboration of that signal by the CNS, a person may
or may not experience a noxious stinulus as painful. Wen one's perception

of pain is properly cali bBACKGROUNIEOF TIHHENVENTRONt he stinul us, pain
serves its intended protective function. However, certain types of

Every day, more than two million people in the United States are incapacitated by

chronic pain (Jessell and Kelly, 1991, “Pain and Analgesia™ in PRINCIPLES OF

15 NEURAL SCIENCE, 3" Ed., (Kandel, Schwartz, and Jessell, ed.), Blsevier, New York).
Unfortunately, current treatments for pain are only partially effective, and many of these

reatments themselves cause debilitating or dangerous side effects. For example,
although non-steroidal anti-inflammatory drugs ("NSAIDs") such as aspirin, ibuprofen,
and indomethacin are moderately effective against inflammatory pain, they are also renal
20  toxins, and high doses tend to cause gastrointestinal irritation, ulceration, bleeding, and
mental confusion, Patients treated with opioids also frequently experience confusion, and
long-term opioid use is associated with tolerance and dependence. Local anesthetics such
as lidocaine and megxiletine simultaneously inhibit pain and cause loss of normal

sensation.

25 Pain is a perception based on signals received from the environment and
transmitted and interpreted by the nervous system (for review, see Millan, 1999, Prog.
Neurobiol. 57:1-164). Noxious stimuli such as heat and touch cause specialized sensory
receptors in the skin to send signals to the central nervous system ("CNS"). This process

is called nociception, and the peripheral sensory neurons that mediate it are nociceptors.



5 tissue damage cause a phenonmenon, known as hyperal gesia or pronociception,
in which relatively innocuous stimuli are perceived as intensely painful
because the person's pain thresholds have been | owered. Both inflamration
and nerve danmage can induce hyperalgesia. Persons afflicted with

i nfl anmat ory conditions, such as sunburn, osteoarthritis, colitis,
carditis, dermatitis, nmyositis, neuritis, collagen vascul ar di seases 10
(which include rheumatoid arthritis and |upus) and the |like, often
experience enhanced sensations of pain. Simlarly, trauna surgery,
anput ati on, abscess causalgr colla en vascul ar eases en%w£|nat|ng
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and hyperalgesic conditions become better understood, processes implicated in
hyperalgesia can be targeted to inhibit the lowering of the pain threshold and thereby

lessen the amount of pain experienced.

20 Neurotrophic factors have been shown to play significant roles in the transmission
of physiologic and pathologic pain. l\:Terve growth factor (NGF) appears to be
particularly important (for review, see McMahon, 1996, Phil. Trans. R. Soc. Lond
351:431-40; and Apfel, 2000, The Clinical Journal of Pain 16:87-811). Both local and
systemic administration of NGF have been shown to elicit hyperalgesia and allodynia

25 (Lewin ef al, 1994, Eur. J. Neurosci. 6:1903-1912). Intravenous infusion of NGF in
humans produces a whole body myalgia while local administration evokes injection site
hyperalgesia and allodynia in addition to the systemic effects (Apfel et al, 1998,
Neurology 51:695-702). There is also a considerable body of evidence implicating
endogenous NGF in conditions in which pain is a prominent feature. For example, ﬁGF

30 is upregulated in dorsal root ganglion (DRG) Schwamn cells for at least 2 months

following peripheral nerve injury and increased levels have been reported in the joints of



wi th rheumatoid or other types of arthritis (e.g., Aloe et at., 1992,
Arthritis and Rheumatism 35:351-355). Furthernore, it has been denonstrated
t hat antagoni smof 5 NGF function prevents hyperal gesia and all odynia in
nodel s of neutopathic and chronic inflanmmatory pain. For exanple, in anim
nodel s of neuropathic pain (e.g. nerve trunk or spinal nerve ligation)
system c injection of neutralizing antibodies to NOF prevents both

al I odyni a and hyperal gesia (Raner et at, 1999, Eur. J Neurosct. 11:837-846;
and Ito et al., 1999, Pain 79:265-274). Exanples of anti-NGF anti bodies
known in the art 10 include, for exanple, PCT Publication Nos. WO 01/ 78698,
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SUMMARY OF THE INVENTION

This invention provides novel human monoclonal antibodies that are
therapeutically useful for managing pain. Specifically, the invention provides

20 monoclonal antibodies that bind to nerve growth factor (NGF). Preferably, the
monoclonal antibodies are human monoclonal antibodies and neutralize biological
activities of NGF and are useful for ameliorating the effects of NGF-mediated pain
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 to

25  their use for treating and managing pain, the antibodies of the invention are useful for

treating neuropathic and inflammatory pain-related responses.

The invention further provides fusion proteins comprising the sequence of an

antibody Fc region and one or more sequences identified as SEQ ID NO: 10, SEQ ID

NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID NO: 20, SEQ ID

30 NO: 22, and SEQ ID NOs: 79-130. Such molecules can be prepared using methods as



exanple, in manmalian calls (e-g. Chinese Hanster Ovary cells) or bacterial
cells (e.g. E. codacells). 5 1n certain aspects, the invention provides
anti bodi es, preferably nonoclonal antibodies, nost preferably hunman
ant i bodi es and human nonocl onal anti bodies, conprising a heavy chain and a
i ght chain, wherein the heavy chain conprises an amno acid sequence as
set forthin SEQID NO 2, SEQID NO 4, or SEQID NG 6, or an

anti gen-bi ndi ng or an i nmunol ogi cally functional imrunogl obulin fragment

t hereof and 10 the variable region of the heavy chain conprises an am no

acid sequence as set forth in _ SEQID NO 10, or an antlgen bi ndj 2? or an
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15 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 IgG1,
1gG2, 1gG3, IgG4, IgM, IgA and IgE heavy chain constant regions or any allelic variation
thereof {(as discussed in Kabat et al, 1991, Sequences of Proteins of Immunological

20  Interest, Fifth Edition, U.S. Department of Health and Human Services, NIH Publication
No. 91-3242), included herein 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 immunoglobulin fragment thereof. Preferably, an
antibody of the invention comprises an amino acid sequence of the IgG2 heavy chain

25 constant region as set forth in SEQ ID NO: 4 or an antigen-binding or an
immunologically functional immunoglobulin fragment thereof.

In certain aspects, the invention provides antibodies, preferably human antibodies,
and more preferably monoclonal antibodies, most preferably human monoclonal
antibodies, comprising a heavy chain and a light chain, wherein the light chain comprises

30 an amino acid sequence as set forth in SEQ ID NO: 8 or an antigen-binding or an



vari abl e region conprises an am no acid sequence as set forth in SEQ I D NO
12, or an antigen-binding or an immunol ogically finctional immunoglobulin
fragnent thereof. In certain aspects, antibodies of the invention conprise a
heavy chain and a light 5 chain, wherein the variable region of the heavy
chain conprises an am no acid sequence as set forth in SEQID NO 10, or an
anti gen-bi nding or an i munol ogi cally functional irnmmunogl obulin fragnent
thereof. In other aspects, 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 |nnunolog|cally functional i munogl gbulin fragnment thereof. |In additional
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The invention also provides antibodies that bind specifically to NGF, wherein the
heavy chain comprises a variable region comprising an amino acid sequence as set forth
in SEQ ID NO: 10, or an antigen-binding or an immunologically functional
immunoglobulin fragment thereof, and the light chain comprises a variable region

20 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 acid

25  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 SEQ ID NO: 80, or an

antigen-binding or an immunologically functional immunoglobulin fragment thereof;

(b) a heavy chain having a heavy chain variable region comprising an amino acid

30 sequence as set forth in SEQ ID NO: 81, or an antigen-binding or an immunologically



functional immunogl obulin fragnment thereof, and a |ight chain having a |ight
chain variable region conprising an am no acid sequence as set forth in SEQ
ID NO 82, or an antigen-binding or an imunol ogically functional

i mmunogl obulin fragment thereof; (c) a heavy chain having a heavy chain

vari abl e region conprising an amno acid 5 sequence as set forth in SEQ ID

NG 83, or an antigen-binding or an i mmunol ogically functional

i mmunogl obul in fragment thereof, and a |light chain having a |ight chain

vari abl e region conprising an am no acid sequence as set forth in SEQ ID NO

84, or an antigen-binding or an immunologically functional inmmunoglobulin
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set forth in SEQ ID NO, 10, and wherein the |ight chaln 20 corrprlses a light

chain variabl e (Haineivy il habiak QihBaviylBaih akblBFbA cipriddY & dnffd A

conprises a sequénce that has at | east 80% . preferably at |east 85% nore

pref er A y sgquengecagset 9,y §E@9@/§§}3%:9E%1 agtigeneinding of @B%m%?@%]é!
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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 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

20  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 50%, 91%, 92%, 93%, 94%, 95%, 36%, 97%, 98%, and most preferably about 99%,
identity to the amino acid sequence as set forth in SEQ ID NO: 12, wherein the antibody
binds specifically to NGF.

25 The invention also provides antibodies that bind specifically to NGF, wherein the
heavy chain comprises an amino acid sequence as set forth in SEQ ID NO: 14 or an
antigen-binding or an immunologically functional immunoglobulin fragment thereof, and
the light chain comprises an amino acid sequence as set forth in SEQ ID NO: 16, or an

antigen-binding or an immunologically functional immunoglobulin fragment thereof.



In certain aspects, the invention provides antibodies, conprising a heavy
chain and a light chain, wherein the heavy chain conprises a heavy chain
vari abl e region, and wherein the heavy chain variable region conprises a
sequence that has at |east 75% preferably 80% nore preferably at |east
85% even nore preferably at least 90% 91% 5 92% 93% 94% 95% 96% 97%
98% and nost preferably about 99% identity to the am no acid sequence as
set forth in any of SEQID NO 14, SEQID NGO 18, or SEQID NO 22, and
wherein the |ight chain conprises a |light chain variable region, and wherein
the light chain variable region conprises an amno aci d sequence that has as
| east 80% pr efinperigin/aspects, dbes inveminn nrgrides pdpqsiespromprisingcphieavycbain 919 929
93% 94% ohathOw Q%#{’rgﬁﬁ ntity to
t he am no gag% guen eﬁ%g%stgégf{ ?rgrt o I D %E%l@p&\%lg&g oo, aﬁ% ant i body
bi nds specivhieoz It'r;a heaviNCIRin vmblmmmcompam@ mmlc@ié@t dan gl bﬂ&tﬁé?/m

ant i bodi es h )atoaNnt i bodi es
and (Fab’ )émgtJ e?nﬁg%g% %{opq E\ét;%%r%b% %ﬁgﬁ&a@ eélf % efe;l&ﬁ eagti?a(s)tjr?o%lr)g\}i/gies a

I [ ght clsai rp2eQ19pYe, S4% 09586, S04, 190%, Q@Aamddnmegm&nm stous B9%f denthry tonthSEQ | D NO

gt AR ol R TSRS, DA R 1

conpri si ng RO: mhﬁlpw}?&élﬂ theS Rt EHAGEcoRtpriSeta 1{ght dHAin Variably régionsﬁﬁ vb@r@ip 14, SEQ
D NO 18, or I.D NO 22, or an antigen-bjnding or an | nunol ogl cally

functi onal tbﬁhﬂhﬁ KeAiable Tepian SRmPriteh &k aBno aold segence thathes ap lantd§% el at es to
i sol ated h ms}tattw&lm hf réfé‘ﬁﬁlyfa't ﬁaétlgwy o1%g, 92»,4@,;530,“@%%5%,%% anti body

conpri ses: (7) hiuman heavy chaln ramewor kK régi ons, ‘a ‘humah heavy chain
orf’%a

r elf) Sbmrand meshprefetablyrebomrd9%, déensty, tozthel awmmweqmaws ghai n CDR3
region; an gﬁg‘iﬂ tw man |ight chain
CDgRI regi O;i‘ l(ﬂtn“n Iﬁ%ﬂtla chai n%ﬁgﬁ%iﬂgf]%@ﬁgﬂ%tﬂ?ﬁ l'i ght gchal n CDR3

25 region. In pect P@,&]P n be the
heavy chain CDE?]E?I{e&?%o%% ?rﬁw{i&es’%gd ona antlgd du@k%\]}" %‘gﬁdg’ﬁ%‘ éd 4D4 as
shown in Smmb)ﬁnhﬁd@eﬁﬂ?(w)ﬂaunlbedammﬁ@dbl)ghm'boﬂmn CDRI region can be the
light chain CDRI region of mAb 4D4 as shown in SEQ I D NO 24. |In other

aspects, the humpattiewtaryaspéusd, theCibRéhtion @givides (adighbehdiﬂmorhmmg ahahino CDR2

(20 o 305, TR SRS w00, B e B

immunologically functional immunoglobulin fragment thereof.

In addition, the invention provides a heavy chain comprising an amino acid
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.

20 The invention also relates to isolated human antibodies that specifically bind
NGF, wherein the antibody comprises: (2) human heavy chain framework regions, a
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 CDR1 region, a2 human light chain CDR2 region, and a human light chain CDR3

25 region. In certain aspects, the human heavy chain CDR1 region can be the heavy chain
CDR1 region of the monoclonal antibody (mAb) designated 4D4 as shown in SEQ ID
NO:22 and the human light chain CDR1 region can be the light chain CDR1 region of
mAb 4D4 as shown in SEQ ID NO:24. In other aspects, the human heavy chain CDR2
region can be the heavy chain CDR2 region of mAb 4D4 as shown in SEQ ID NO:18 and

30 the human light chain CDR2 region can be the light chain CDR2 region of mAb 44 as



7 shown in SEQiD NGO 20. In still other aspects, the human heavy chain CDR3
region is the heavy chain CDR3 region of mAb 4D4 as shown in SEQ I D NO 14,
and the human 1light chain CDR3 region is the light chain CDR3 regi on of mAb
4134 as shown in SEQ ID NGO 16. 5 The invention al so provides isol ated
human anti bodi es that specifically bind nerve growh factor, conprising a
heavy chain and a |light chain, wherein the heavy chain conprises a heavy
chain variable region conprising an am no acid sequence as set forth in SEQ
ID NO 10, SEQID NG 79, SEQID NO 81, SEQID NGO 83, SEQID NGO 85, or

SEQ ID NO. 87, or_an_antigen-binding or inmmunologically functional
i nununog! olskorm inISEQ P HsZ0- sintskll oSt 2spgaiy thﬂﬂmi@ﬁ@ﬂﬁf@?%%@d%s

i solated h ' j ﬁ%ﬁ | ' GO hSi heavy
chai n and e%ﬁ?éﬂcaﬁglé%gﬁéﬁ?n t gbf‘%%‘h}%%&qg?%%@%P@é%ﬂéHﬁ%ﬁ? chain
vari abl e r dightoakaindCPR? sdgivy iathedightichaincCBR3 ecgimmaiom Al 4Dd tas Slwrwhini SEGSEQ | D
NO 12, SE(B%E%'[II\% 80, SEQID NGO 82, SEQID NO 84, SEQID NO 86, SEQID
15 NGO 88, TD NO 89, SEQID NO 90, SEQID NO 91, or SEQID NGO 131,

or antigen-bingjng or. an imunologically functjonal i l.obulin
fragrrenlsg thereg-l“.’g”ﬁ”ﬁgn H?PB’H@“’%? BﬁbWﬁm\Wﬁ?ﬁﬂ?sgﬁﬂtﬁ?%{%m&BWQed by the
-capaci ty t Qréwth A6k, 26mpfisihg @ HeadNéhalnnand 4 Nightashein fvhieteiny thecheay tivdid Y

associated with NG- pol ypepti.des. Preferahly, the invention provides
i sol ated aﬁ??lPWﬁﬁﬁe?@f%ﬁlﬁ NP8 SPEBTIRIRS 3P HGH ﬂ%%?ﬁ?%ﬂ%?“%*”ﬁ%di ng to

NGF pol ypepi SEQID NOLEBRQIDANGMI, BRGIBNG! N1dsEQ 1B NoreNsRGAbygsept | de and
di ssociates fromthe human NG- p(_)[’ peptide with a dissociation_ constant
(YID) of #®pEEQ BANQ: Sporan aptigan-birding orjwmyselegiedliydunctienal mmugemlokulior  whi ch

i nhi bi t; NG| P‘H‘E g"T urvival in an in vitro neutralization assay with an
10 Fﬁ% 8férecf . . !
| C50 of "abou It eSiss Mor less. In a preferred enbodi nent, the invention

ol | ow ng. char adter e i loies irclar TSR, SIRAAG ot RESBG BHE
neut r al i zatN@ caspesingvatheagnchainGag adight blon, wherei thedight chaid emapriskd a has a
heavy chai (PR3 CORbe $t00n bOSp ATl AGhS 25 WHASR & sethoh' iR s dpt4 and
NO: 12, SEQ ID NO: 80, SEQ ID NO: 82, SEQ ID NO: 84, SEQ ID NO: 86, SEQ ID
15 NO: 88, SEQ ID NO: 89, SEQ ID NO: 90, SEQ ID NO: 91, or SEQ ID NO: 131, or
antigen-binding or an immunologically functional immunoglobulin 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. Preferably,
the invention provides isolated anti-human NGF human antibodies with high affinity

20  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 10" M or less, as determined using KinExA, or which inhibit NGF induced

survival in an in vitro neutralization assay with an IC5q of about 1 x 10® M or less.

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

25  human antibody that has the following characteristics:

a) inhibits NGF induced survival in an in vitro neutralization assay with an
ICsq of about 1 x 102 M or less;

b) has a heavy chain CDR3 comprising the amino acid sequence of SEQ ID
NO:14; and



8 c¢) has a light chain CDR3 conprising the am no acid sequence oSEQ I D

NG 16. The invention also provides isolated human anti bodi es or an

anti gen-bi ndi ng or inmunol ogically functional imrunoglobulin fragnments

t hereof that bind specifically to 5 NG with high affinity, wherein said
anti bodi es or fragnents dissociate froma human NG pol ypeptide with a KD of
about I x 10"9 or less and neutralizes human NG bioactivity in a standard
invitro assay with an 1C50 of about | x 10-s Mor |ess, and wherein the
anti bodi es or fragnments conprise a heavy chain variable region conprising:
a) a CDRI region conprising an am no acid sequence of the formula: 10

al a2a3a4a5 whefki n:hasz light chaipdIRR3 ¢opprisipatheiamiemacidhsegednge oEHQIR; a2 is an
aromati c afg\ggaci d residue; a3 is a aliphatic, polar hydrophobic, aromatic
amino acid residue; a is a neutral hydrophobic or aliphatic am no acid

resi due; and a5 PRA 4G | 5 d resi due;
b) a CDR2 regi orr{h;é:gﬁ’pm?ﬁkdsnlﬁéo nmgsﬁ.ﬁlggétg&mg sequen‘l(l:léscof&[ﬁﬁ@farp

bl b2b3b% bY%mixiddlogisdlyi Rbdtdnalanbinpglotulin E@matite tiwirent tholt birsl spetaﬁ::alihami c, polar

O P G RIS R S S 5 c5Gs SRl T Lo ©

-resi due; bANGB palypeptide wistd e I of iabout hyﬂrl@ﬁr&bles‘s, arldl nébaliRs l}ﬁnﬁmN@F acid
resi due; b5-b9_ .are indepe 5{;dent |y polar hydrophilic _or_a hatic am no acid
resi dues; Q?"‘i“gtyetmrfo?%‘i“g AP SERY W ‘I],‘ afCsprgt fRout drx 49 Mhat less i no aci d

resi due; Db'whefeiffhe @htiitRiek 6r RAguitifcORPMeIaheaRBnBR vaSiYle fegith diifprishk2 1S an

al i phatic hydrophobic or polar hydrophilic amno acid residue; bl3 is an

al i phatic, hydrgphei @%mﬂe&ﬁﬁnshﬁg%%moucfase@eﬁ&@%&oﬁﬁﬁa .due; bl4 and b16
are |ndependently pol ar hydrophilic am no acid residues; bl5 is an aliphatic
or 9 afpmatic hydrophobic am no agifPf£si due; and bl7 is an aliphatic
acidic amno acid residue; and

wherein:

a' is a polar hydrophilic amino acid residue; a is an aromatic amino acid residue;
a> is a aliphatic, polar hydrophobic, aromatic amino acid residue; a* is a neutral
hydrophobic or aliphatic amino acid residue; and a’ is a aliphatic or polar hydrophilic

15  amino acid residue;

b) a CDR2 region comprising an amino acid sequence of the formula:

R RS ERURIRRSURERUR Y
20 wherein:
bis 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 polar
25  hydrophilic, aromatic, or aliphatic amino acid residue; b'! is an aromatic or hydrophobic
amino acid residue; b'? is an aliphatic hydrophobic or polar hydrophilic amino acid
residue; b'? is an aliphatic, hydrophobic or polar hydrophilic amino acid residue; b' and
b'® are independently polar hydrophilic amino acid residues; b is an aliphatic or



c) a CDR3 region conprising an am no acid sequence of the formula:
c1C2c3c4C5e6e7cSc9cl OCl 1¢12Cl 3c14cl15e16el7 5 wherein: c¢' is absent or an

al i phatic amno acid residue; c2 is absent or a polar hydrophilic or an
aromat i ¢ hydrophobic am no acid residue; ¢3 and c4 are independently absent
or a polar hydrophilic, aromatic hydrophobic, or aliphatic amno acid
residues; c5 is absent or a polar hydrophilic, aliphatic or an aromatic

am no acid residue; c6 is absent or a polar 10 hydrophilic or aliphatic
amno acid residue; c7 is a polar hydrophilic or an aliphatic amno acid
residue; ca is a polar hydrophilic, hydrophgbic or an aromatic amno acid
resi due; cQromatic hygmphebie peing heid iresidug) pshbt’iie anralighatier adie iaminey ahidphobi ¢
am no acid cﬁiedﬁlﬁ; cl0 a polar hydrophilic, aromatic hydrophobic, or an

al i phati ¢ hydrophobic amno acid residue; c¢l11 - c13 are independently pol ar
hydr ophilic or PR3 Eﬁﬁ%& ' ' ' j .. cld is an
aliphatic or ar ngtl C ﬁe ¥%E I cgg%%r%ﬂaggﬁ%‘ﬂlgé‘?edﬁg?tgﬁﬁ%s a pol ar
hydrophi lic or neutral hydrophobizg aerpag aai o rsgsél%wgw cl6 is absent or a
pol ar hydrophilic am no acid residue; and c17 T's” an aromatic hydr ophobi c or
al i phati hydr gphepic amno acid residue. In one aspect, at is a polar
hydrophi'lic am no acid residue; a2 is an aromatic 20 hydrophobic am no acid
residue; a3 is . all tic..hydrophobj n.n0 Acid residue: .a4 is..a neutral
hydr ophobi c; aS%PISS%{éé%Q%aaFu ”r%*yﬁﬁ‘&n 19 %&%%g]‘ﬂ%e’ 5c1|33g§33§?r O?algﬂyé'i"g%gc al i phatic
or ar omat i afntonatiebydtopliebicamino bad rsidubes’ ahd ot fre sndepéndentlyyabsapbi 4 i ¢ ani no

acid residue, b4, is..a polar, hydrophilig or aromat.ic 1 nosaci.d residue;
b5-b9 are iﬂ?zfégﬁqﬂé’mq’ %F%?ygmﬁSﬁﬁ?ﬁ?t@“BWPiaﬁﬂéﬁ S5 MoPDER @ ¢ i dues:
b10 is an al pdMiatyi@pkilit,WiphaicthriaSiréhhic athdrdo dckd RBiIdIYIc| iddbdert Br apoRE i phati c
hydr ophobi ¢ am ng acid residue; bl3 is an aliphatic or polar hydrophilic
ani no at{ d frdwphlie or Biphata IR eridreedne: 4 op & Refernidiopbbicar apginbatinAming  ani no
acid resi duggy redid; #ioa bamaﬁvyd%ﬁhﬂia,aﬁydequweié e.gzppa%xﬁaugﬁﬂﬁo #G4 thsfagsicdue; bl7

is an aliphatic acidic amno acid residue; i s absent or an aliphatic

ani no aci d i# esiolwn bydrephilic aliphatistorgn azomatip | hydrophabicphinp; asidotesidue; &1 ofrat i ¢
hydr ophobi i I s : . i len ent or a
pol ar hydr gjﬁ%ﬂj C,Iﬂgll#(gﬁ'fgﬁ% légﬁgdé?’%%ﬁig’gﬁé‘ﬁ %15@{5 gf ?g%%ggﬁgm no&cﬁl’rﬁgg%f d
residues; o i s absemtiependentlpopadar Iyylchpbibini ¢ri grommiin hiydmphbbie ainthweacid 6 i s
absent i+ areé%&)lle?;rc” is an aliphatic or aromatic hydrophobic amino acid residue; ¢! is a polar

=5

hydrophilic or neutral hydrophobic amino acid residue; c'® 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

20  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 or
aromatic amino acid residue; b? is Ile; b isa polar hydrophilic amino acid residue; bt 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

25 Tyr; b js an aliphatic hydrophobic amino acid residue; b* is an aliphatic or polar
hydrophilic amino acid residue; b* and b'® are independently 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; c’ is absent or a

polar hydrophilic or an aromatic hydrophobic amino acid residue; ¢’ and ¢* are

30 independently absent or a polar hydrophilic, aromatic hydrophobic, or aliphatic amino

10



hydrophilic or aliphatic am no acid residue; o7 is a polar hydrophilic or an
aliphatic amno acid residue; cg is a polar hydrophilic, hydrophobic or an
aromatic amno acid residue; c9 1is a polar hydrophilic, aliphatic or an
aromati ¢ hydrophobic am no acid residue; cl10 is a 5 polar hydrophilic,
aromati ¢ hydrophobic, or an aliphatic hydrophobic am no acid residue; ell -
cl3 are independently polar hydrophilic or aromatic hydrophobic amno acid
residues; cl4 is an aliphatic or aromatic hydrophobic am no acid residue;
cl5 is a polar hydrophi lic or neutral hydrophobic amino acid residue; cl16
is absent or a polar_  hydrophilic amno acid residue; and cl17 is an aromatic
hydr ophobi @cldﬂe@dupqahaﬁﬁ entld} alpptic bydrophilic aminonavicishidue; e Sis dosent drapalaparti cul ar

S vt or Moionile o SHBharlpgilsidilis b pRip oy of B winbef sl %

|1 e; b3 is aGdresidiarc®is ayslar hgaﬂmﬁhilm H;ldrdphob'[d.‘ mzn%@naﬁnranﬂﬁmacld)ﬁsﬂﬁe ger, Asn,

or Ay; b6|s H s, ar ; I S Ser
Ile, Asp, ?ﬁ?‘ hyﬁ@’pﬂ?cﬁéﬁ’h&% -3 a“cf’rm“ﬁﬂ” hy@”fghqbéc ipo aE‘9§e‘°’1 ‘?5 iShe: b is
Tyr; bl i g,(,a& ay@asplﬁﬁ; arbﬂﬁtlé ﬁy&@hobl_a dt,an@ﬁplﬁﬁ@hyd@a;ﬂmmaaﬁﬁ{o actll r8sidh; Val or

Phe; b'6 g Ly absent or an aliphatic. am no acid
residue; c®is °ab§'§n‘?d‘$Fnd°1l§}¥ Pob"?, WPEWC aﬁfeafPWﬂ%éM@FQPhqbiF awwentcid Tyr | Asn,

val, or @ L}gsﬂillés By ﬁ%%khau%q{r’arﬁl&w H9ropHdbi arﬁlﬁ% 'aade}&?cﬁﬁt 15 5?58&@ Y. G u,

or Leu c7 1s Y p; cs is Trp,
Gy, or Tyrbydwplalic s:or\mntralﬂ,wdmmobmr gning' axid r@me,ar:e us\caép@hd)erﬂ rpplaSet Phe,

Tyr, 20 As 170 1 géti r 16 S
absent, %&?mﬁg%ané c 94:; e %@Ar or{s\/% n(rila%gniéf ttﬂffa‘%r ﬁﬁ%? aspect
al is S&r dydwphobicaninsaciyresidad. is Ala or Ser; a4 is Met or as is His
or Asn; bl is Tyr or Ay; b2 is Ile; b3 is Set, Thr, Tyr, or Asn b4 is Tip,

Arg, or Pro; b5u Spﬁﬂﬁulﬁl’aslﬁéﬂt abi SbﬁASﬁror(ImrAFQTyb7a I1§5A}zll, Serprrp%zyGlypS is He

Ser bia 1 & I ews B ntycora o 11 b Ygrordebnds D618 8§ or Gl

bl7 is Ay Ty?%rA%naebsis?l‘:b ng,@rVro ®2isiSer, %@ﬁ&ﬁ*t}l@rbqum &% A@ﬁ%r@‘ﬂy%?e
i ndependent | absent , ytb $ ., or Val; ciQ is absent or c6 1s Ser or
B o,

Gy, o7 158yl vkl T ﬁxsﬁ*mmb doles DH@T"G‘?} I%Glysr%s, %810 is Val
&;l Ty::,wc" Phe%lslsaikﬂs? b1 RAGRENGEI Yo oér‘lr Pro%‘exs nsgf R aP%f‘PHcsblﬂ_he or

p;, cl6 i's absent D; cl7i's or val. 11
is Lys or Gln; b'7is Gly; ¢! is absent or an ahphat;c amino acid residue; ¢’ is abscnt or

Tyr, ¢* and ¢ are independently absent, Tyr, Asn, Val, or Glu; ¢t is absent, Ser, Gly, or
Trp; ctis absent, Ser, Gly, Glu, or Leu; ¢’ ig Gly, Axg, or Asp; tis Trp, Pro, Ser, or Thr;
¢’ is His, Gly, or Tyr; ¢! is val, Tyr, or Arg; ¢! - cP are independently Ser, Phe, Tyr,

20  Asp, or Asn; ¢'* is Phe, Val, or Gly; ¢!® is Met or Asp; ¢'® is absent, Asp, or Asn; and ¢!’
is Tyr or Val.

In another particular aspect, a'is Ser or Asp; a’is Tyr; a° is Ala or Ser; a* is Met

or lle; a° is His or Asn: b' is 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 Iie or Thr; b’ is Leu,

25 lle, or Thr; b'® is Gly or Phe; b"* is Tyr; b'? is Ala or Ser; b" is Asp or Gly; b' is Ser;
b'® is Val or Phe; b'® is Lys or Gln; b'7is Gly; ¢' is absent or Gly; ¢? is absent or Tyr; ¢’

and ¢* are independently absent, Tyr, Gly, or Val ¢’ is absent or Ser; ¢’ is Scr or Gly; ¢’

is Gly or Arg; c®is Trp or Pro; ¢® is His, Gly, or Tyr; ¢'® is Val or Tyr; ¢'' - ¢* are
independently Ser, Tyr, Phe, or Asp; ¢'* is Phe or Val; c'* is Met or Asp; c'® is absent

30  or Asp; and ¢! is Tyr or Val.

11



In other particular aspects: a) the heavy chain CDRI has an am no acid
sequence as set forth in SEQID NO 22, the heavy chain CDR2 has an am no
acid sequence as set forth in SEQID NO 18, and the heavy chain CDR 3 has
an am no acid sequence as set forth in 5 SEQ IDNO 14; b) the heavy chain
CDR1 has an ami no acid sequence as set forth in SEQID NO 92, the heavy
chain CDR2 has an am no acid sequence as set forth in SEQID NO 93, and

t he heavy chain CDR 3 has an anmino acid sequence as set forth in SEQ ID NO
94; 10 c) the heavy chain CDRL has an ami no acid sequence as set forth in
SEQ ID NO 98, _the heavy chain CDR2 has an am no acid sequence as set forth
in SEQ ID NO dmotherpartichlar 35868 chain CDR 3 has an anino aci d sequence as
set forth in SEQID NO 100; d). the heavy chain CDRL has an am no acid
sequence as set 2} ¥ hpaviyshairGDRY hagpn anpino a5id sequgrcerts Aehfortinia SEQCRDOhas an

am no acid sequ Ehaih i %E& : ‘!‘% f@/ chain CDR
3 has an am no gg’fﬁe?g%v%encqu%ﬂzsg% ortlhpiaﬁlwg Ql Ifsﬁléaégﬁ;f%gn e p?]e heavy
chain CDRL has 2¥0:d8j ang the hehvy shaie €RR Adas et athinp tebidisequSEe 4sDefNforth id 10, t he
heavy chain CDRé@ _Ia4r_ri no acid sequence as set forth in SEQID 20 NO
111, and the he § n"'CDR 3 has an am no acid sequence as set forth in

SEQ I D NO 112; d.f) the v, chain. CDRI. has an _aming acl ence as
set’ forth in SED PBHREsy ohgn SRt Al lind ahd s nsrs RO PR BDF o
sequence as set 920k hedvy HEQ CIBR2 Hé3 anldnfino atid sefi@niteqviet € in SHOROS has an
am no aci d sequepce_as t forth . SEQ ID NO..,118. The inyention also
provi des an isoﬁg?:gggf’ Fﬁﬁﬁﬁhﬁﬁ’ﬁ’icg@ﬂ&q}fgﬁs g?]f“?“&@ﬁf”ﬂisﬁi}’reﬁbc gyset fopth in

i mmunol ogi cal | y gk Nong; | mmunogl obulin fragnment thereof that binds
specifically to NG-, wherein the antibody or fragnment conprises a |ight

chain vayiabl e pg BBavyCRARCDR 1N ad @mino acid sequence as set forth in SEQ ID NO:
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 amino acid sequence as set forth in
SEQ ID NO: 100;

d) the heavy chain CDR1 has an amino acid sequence as set forth in SEQ ID NO:

15 104, the heavy chain CDR2 has an amino acid sequence as set forth in SEQ ID
NO: 105, and the heavy chain CDR 3 has an amino acid sequence as set forth in
SEQ ID NO: 106;

e) the heavy chain CDR1 has an amino acid sequence as set forth in SEQ ID NO:

110, the heavy chain CDRZ has an amino acid sequence as set forth in SEQ ID
20 NO: 111, and the heavy chain CDR 3 has an amino acid sequence as 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
25 SEQ ID NO: 113.

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

comprising:

12



a) a CDRI region conprising an am no acid sequence of the formula:

al a2a3a4a5a6a7a8a9allal 'a 12 wherein: al is a polar hydrophilic am no acid
residue; a2, a" and al2 are independently 5 aliphatic or hydrophobic am no
acid residues; a3, ab, a7 and a8 are independently aliphatic, polar
hydrophilic, or hydrophobic am no acid residues; a4 is a polar hydrophilic
amno acid residue; a6 is an aliphatic or hydrophobic am no acid residue;
a9 is absent, or an aliphatic or polar hydrophilic am no acid residue; and
al0 is an aliphatic, aromatic, or hydrophobic am no acid residue; 10 b) a
CDR2 region conprising an am no acid sequence of the fornula: b'b2b3b%bb%
wherein: 15 b1l #ksa &DRlirpgion campris an amingacidisedmence of thetfgmamudashobi ¢ ami no aci d
residue; b2 is an aliphatic or hngqug m no_acid residue; b3 and b4

ic
are independently polar hydrophild3&aa =R€haif%"oV hydr ophobi ¢ am no acid

residues; b5 is a polar hydrophilic or aliphatic hydrophobic am no acid
resi dues; mtereits a pol ar hydrophilic or aliphatic hydrophobic anino acid
resi due; and b7 1i s a polar hydrophilic am no azci d1 residue; and 20 c) a CDR3
regi on conpri si Mgisanpelmi hylrepbilis aeineasid gesiduet he o oandus'aare iGlPREREACS CCC7C
C9C10Cl %c1 . erein:. ane e ge_i.Nn t ol ar
hydrophijsl i éﬁé%‘lﬁ%o Cl ggéléi%sﬁcﬁggm?%g ’%dlaa%nfﬂzgmﬁlf/%ﬁgp I |%hpx%4%r phatic or
hydr ophobi gohrrhpdophilie) o dgdrdplebiccdnine eSd assillued ahisea poldepeinabdilicl aminal | phat i c,
pol ar hydrophili.c, of.hydrophobi mi .acid resjdugs, 67 is absent or a

bol ar  hycPBAHPTRE: 8y isodh SiRREHSY IORPROYIP ABEICCHH RGNS A d PRERIBG™ 8 i s a
pol ar hydr Qaphatit Gr Pblar RYEHoSHIRG Binfho Aid @sidéd; Gnd @161 UR aliphidic,CRomaticd oP Ol ar
hydrophilic am no acid residue, and 13 wherein said antibody or fragment

di ssoci at edwdiophabic amineAcidrssidae| ypeptide with a Ko of about 1 x 10-9 or
| ess am% neutralizes human NGF bioactivity in a standard in vitro

b) a CDR2 region comprising an amino acid sequence of the formula:

b'b’b’b*b’b%b’
wherein:

15 blisa aliphatic, polar hydrophobic, or hydrophobic amino acid residue; b? is an
aliphatic or hydrophobic amino acid residue; b® and b* are independently polar
hydrophilic, aliphatic or hydrophobic amino acid residues; b® is a polar hydrophilic or
aliphatic hydrophobic amino acid residues; b® is a polar hydrophilic or aliphatic
hydrophobic amino acid residue; and b’ is a polar hydrophilic amino acid residue; and

20

¢) a CDR3 region comprising an amino acid sequence of the formula:

016203040506070809010011012013014015016011

wherein:

3 is a polar

¢! and ¢? are independently polar hydrophilic amino acid residues; ¢

25  hydrophilic, aliphatic or hydrophobic amino acid residue; ¢*, ¢® and c® are independently
aliphatic, polar hydrophilic, or hydrophobic amino acid residues; ¢’ is absent or a polar
hydrophilic or an aliphatic hydrophobic amino acid residue; ¢® is a polar hydrophilic or

hydrophobic amino acid residue; and ¢’ is a polar hydrophilic amino acid residue, and
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assay with an I CSO of about 1 x 10'8 Mor less. In one aspect, a', a3, a4,
a7 and as are independently polar hydrophilic amno acid 5 residues; aa,
a6, a" and al2 are independently aliphatic hydrophobic am no acid residues;
a5 is a polar hydrophilic or aliphatic amno acid residue; a9 is absent, or
an aliphatic or polar hydrophilic amno acid residue; alO is an aliphatic
or aromatic amno acid residue; b' is a aliphatic, polar hydrophobic, or
hydr ophobi ¢ ami no acid residue; b2 is an aliphatic hydrophobic am no acid
resi due; b3, b4 and b7 are independently polar hydrophilic am no 10 acid
resi dues; b5 and b6 are independently polar hydrophilic or aliphatic

hydr ophobi evhemin said amtibatlyroe Stagmenst;dissdeizesdroea burean NGE pelydeptide withal Ky

hydr ophi | i c.am acld si dues h||i , [@aliphatic or
v ophobi £ ARG LY Gt 81 dRfciebiptites et 6K Hoatihh R an AP
al i phati c, amyﬁ{thhymspamuoup“wsmt;ﬂmﬁhobl C am no aci d residues; c7 is

absent or an aliphatic hydrophobic am no acid residue; c8 is a hydrophob| C

amno acid 15 Inaﬁlbdb;ﬁct,ahd3 @9 o &n daa‘mﬁélﬁdepbnﬂéﬁ@pmlhwydedﬁﬂ@aﬁﬁﬁ&acws' due. In
a particular as pegt . ag, a4, and a7 are Arg A n, and Ser,

respect |5veIT‘§ﬁ‘1 ngg 8, 83 aAI a&d 83 50g @d@"?deéﬂl’ émhan%bydr@hs@p agyinogrsid mgidges; absent
Ser, or san ShidrShy@tophilid ok ali Eﬁnno %ﬁ’re@duel 4 fa‘%ﬂsengo}‘ B.g'giqﬁmtlc? p Val; b2

and b3 are A a and Ser, respec ely: Lea or Arg
b6 is G u, pelanhydsephdicraming a¢id res@rue rﬂam ahrzhatlantiaremam anigoncidasidus; Phe, Tyr,

20 Arg, or [ Ser,
Trp, or PthisadfhPﬁlmc’ %d?%%dxggﬂoblco éﬁ&?hgéghﬁm§%81&%5}fﬁ%% a%)rhl %}r g; and c9
i's Thr I n hadtop}:kmbrc ADENG aa:dutmduasbb,df, and bi]a,re mﬂo;pea&ntla@plaahyﬂr@‘hﬂmramw g, Al a,

Ser, NESES Gtively: g5 |s or .| a9 is
absent SerE“’1 di S“g?@‘ aafget? ”ri%g‘?na %Bﬁy&é’l’ﬁﬁﬁ DBP?QI% %H B{‘RJJF’ 153" are Ala
and Ser, I aE@ecicidtedidies QAah@czsegm@fpeﬁ&My peffarihgdlophilio kmiNoQcid2Esiduds; ts G U,

Ala, or Gn; b7 is_Set .or Thr; c! c2 are Gn, c3 s Bhe, Ty , Arg, or

Al a: c4 is IS 3gakar hygdipphilie, agghahceghydgo ghic @Pm%ﬁdr?%l“feé’ Fy§'; adr © P% or Phe;

c7 is abse@ﬁdeP&aauyoa:pﬂaﬁo ol tydrobl, o arobidbic Ay id 2afled J% Thr. I n

ot her particul ar aspects the | ght chain has an am no acid sequence
as set for tahseilhO@lehﬂm}’ hobig amprigcacid ghiducg Iqaisrﬁ oworhabis apnoaavidio aci d

sequen a RRcTA Fog Eﬁg’ nd the |light chain CDOR 3 has
an am ﬁ% a?? dﬁéquenfée ﬂg’lsags %%]rnl[\{%f’?\}%%ég E)ea

In a particular aspect, al, 2%, a4, and a’ are Arg, Ser, Gln, and Ser, respectively; a’

is Ala; a° is Gly or Ser; a® is Ser or Tle; &’ is absent, Ser, or Gly; a'® is Ala, Tyr, Trp or
Phe; b! is Asp, Gly, Ala, or Val; b and b’ are Ala and Ser, respectively; b* is Ser or Asn;
b’ is Leu or Arg; b® is Glu, Ala, or Gin; b’ is Ser or Thr; ¢! and ¢?are Gln; ¢* is Phe, Ty,

20 Arg, or Ala; ¢* is Asn, Gly, or Ser; ¢’ is Ser or Asn; ¢® is Tyr, Ser, Trp, or Phe; ¢ is
absent, Pro, or His; ¢ is Leu, Trp, Tyr, or Arg; and ¢’ is Thr.

In another particular aspect, a, 2%, a°, a*, and a” are Arg, Ala, Ser, Gln, and Ser,
respectively; a’ is Gly or Ser; a® is Ser or Ile; a° is absent, Ser, or Gly; 2 is Ala or Tyr; b’
is Asp or Gly; b? and b® are Ala and Ser, respectively; b* is Ser or Asn; b® is Leu or Arg;

25 b° is Glu, Ala, or Gin; b’ is Ser or Thr; ¢! and ¢? are Gln; ¢? is Phe, Tyr, Arg, or Ala; ctis
Asn, Gly, or Ser; ¢ is Ser or Asn; cfis Ty, Ser, Trp, or Phe; ¢’ is absent, Pro, or His; c?
is Leu, Trp, Tyr, or Arg; and ¢’ is Thr.

In other particular aspects:

a) the light chain CDR1 has an aminc acid sequence as set forth in SEQ ID NO:
30 24, the light chain CDR2 has an amino acid sequence as set forth in SEQ ID NO:

14



NGO 16; b) the light chain CDRL has an am no acid sequence as set forth in
SEQ ID NO 95, the light chain CDR2 has an am no acid sequence as set forth
in SEQIDNO 5 96, and the light chain CDR 3 has an am no acid sequence as
set forth in SEQID NO 97; c) the light chain CDRL has an am no acid
sequence as set forth in SEQID NO 101, the light chain CDR2 has an am no
acid sequence as set forth in SEQID NGO 102, and the |ight chain CDR 3 has
an am no acid sequence as set forth in SEQID 10 NO 103; d) the light
chain CDR1 has an am no acid sequence as set forth in SEQID NO 107, the
i ght chain CDR2 has an am no acid sequence as set forth in SEQ 1D NGO 108,
and the |ight cMhamd @O dhain COR 3hasan amincaddspquence anset foth it GEQHD n SEQ | D
NO 109; 15 e) %@elé_i ght chain CDR1 has an ami no acid sequence as set forth
in SEQ I D NO 3, ’the light chain CDR2 has an am no acid sequence as set

forth in SEQ I - 4114, t.he |ight ain CDR 3 _has. an ' cid
sequence as se&ﬁ%’ Pﬁ&l"ﬁm%g%qﬁldm Iﬁbﬂ%fjf&%ﬁtsfql{eﬁ%e Efsisﬁ{ﬁr%ﬂjéﬁﬁ&(%%{&has an

am no aci d sequef)de lizht chain CDR2 had dn 25H6) dcid Mqhenc@fs sk Srthtih GEQIIDINOCchai n CDR2
has an am no acjd sequ e.as orth in SEQ 1D NO 120, .and the |ight
Chai n CBR 3 hacobandill HafCreny Gt 1 bRt e it st Feghenge P sk g BIBAAD 1212 o)
the |ight chai nNGDi®E has an ami no acid sequence as set forth in SEQ I D NO
122, the light chain CDR2 has an ami no acid sequence as set forth in SEQID

NO. 25 123, ang thdiggt kB4 CEMaI fhs eRBm Q@ﬁs@djheﬁé@d%%eﬁfbhﬁiﬁgﬂ qnagpas set
forth in SEQ I Dé3 NOEg 124; h) the |ight 0chai n"CDR1 has an am ?\o acl d sequence

as set forth inl®gtelightbein CDR2 has ge aming laeid gemenre@ppet forisin SEQIAMO: aci d
sequence as set i . EDN‘C% . i had #PR 3 has
an amno acid sledc%ggeﬁr(li(r}gé E@E@f h ort hﬁséégééglaﬁag%%f% I?&%rﬂﬁg%@z
10 NO: 103;
d) the light chain CDR1 has an amino acid sequence as set forth in SEQ ID NO:
107, the light chain CDR2 has an amino acid sequence as set forth in SEQ ID NO:

108, and the light chain CDR 3 has an amino acid sequence as set forth in SEQ ID
NO: 109;

15 e) the light chain CDR1 has an amino acid sequence as set forth in SEQ ID NO:
113, the light chain CDR2 has an amino acid sequence as set forth in SEQ ID NO:
114, and the light chain CDR 3 has an amino acid sequence as set forth in SEQ ID
NO: 115;

f) the light chain CDR! has an amino acid sequence as set forth in SEQ ID NO:

20 119, the light chain CDR2 has an amino acid sequence as set forth in SEQ ID NO:
120, and the light chain CDR 3 has an amino acid sequence as set forth in SEQ ID
NO: 121;

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:

25 123, and the light chain CDR 3 has an amino acid sequence as 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:

15



1) the light chain CDRL has an am no acid sequence as set forth in SEQID
NO 128, the light chain CDR2 has an am no acid sequence as set forth in
SEQID NO 5 129, and the light chain CDR 3 has an am no acid sequence as
set forth in SEQID NO 130; and j) the light chain CDRL has an ami no acid
sequence as set forth in SEQID NO 132, the light chain CDR2 has an am no
acid sequence as set forth in SEQID NGO 133, and the |ight chain CDR 3 has
an am no acid sequence as set forth in SEQID 10 NO 134. Also part of the
i nvention are pol ynucl eotide sequences that encode the novel anti-human NGF
human anti bodi es, vectors conprising the polynucl eoti de sequences encoding
anti - human NGF Hfyeml thetighiobiie CDRHbks ag elnine atidaagienceras detvibrithin\B8C) I S

I ncor porating pﬁt)ywl eoti des that encode the anti-human NG- hunan

ant i bodi es, I’ati ons conprising anti-human NG- human anti bodi es and
met hods of ITB.kI sane. Th |nvent|on I Q V| met hods
for detecting tﬁ%ﬁ%ﬁ#gﬁ%ﬁ&ﬂ]aﬂa&am}ﬁo it ﬁ%ﬁ'@dﬁé'the step
of contacting t iz, Eﬁlﬁghﬂ:mmmmﬁﬁhﬁﬁﬂ)&cﬁfsec[ulaﬂceahMWB@EEQ’IDNO

ant i gen-_bi ndi ng fra L t her, eg:b A]PPéantl-NGF anti body of the invention 20
may be énpl oyedl#ha %fﬂ% #5\whain CORS Pﬂéﬂlﬂoﬁ’@ﬁc‘a@%@tf?@‘?éﬁg%l ng
assays, direct N@gsg;Radrect sandw ch assays, inmunoprecipitation assays and
enzyme-|inked inmunosorbent assays (ELISA) (See, Sola, 1987, Monocl onal

Antibodies: A Mynuag f:haﬂ@?)‘kﬁ'ﬂib‘%am% aciihbquenss as@@g}”oﬁﬁ‘?ﬁ?gE%lI@PNQ) for the

detection and quantitation of . The antiDodi es can bind NGF wth an
affinity that éS?aﬁasrhsbfrqham&DR&hqsma@wayldmmasz@f@r&mﬁ&mmed I n

o100, U | 1) O POl Bkl e PO 21 o

conpri didng t he ¥MOep3Hf admi nisteri ng a phar maceut ically effect I ve anmount of
a pharmaceutical conposition conprising at |east one anti body of the
i nventi on or anAdntparteof the ti:dienl@ma;re rlynddedtidenseqmengs dask leycode et horhl

| mmunogl ob %ﬁ-ﬂuééna%%“ }lllI}]EPne gn%%odles, ve&orls nc%lm\fslngfrjlg Ithel {)]olgl?ueciieoti&eh géq%ggces

encoding anti-human NGF human antibodies, host cells transformed with vectors

incorporating polynuclectides that encode the anti-human NGF human antibodies,
15 formulations comprising anti-human NGF human antibodies and methods of making and

using the same.

The invention also provides methods for detecting the level of NGF in a
biological sample, comprising the step of contacting the sample with an antibody of the
invention or antigen-binding fragment thereof. An anti-NGF antibody of the invention

20  may be employed in any known assay method, such as competitive binding assays, direct
and indirect sandwich assays, immunoprecipitation assays and enzyme-linked
immunosorbent assays (ELISA) (See, Sola, 1987, Monoclonal Antibodies: A Manual of
Techniques, pp. 147-158, CRC Press, Inc.) for the detection and quantitation of NGF.
The antibodies can bind NGF with an affinity that is appropriate for the assay method

25  being employed.

In addition, the invention provides methods for treating a disease associated with
increased production of NGF, or increased sensitivity to NGF comprising the step of
administering & pharmaceutically effective amount of a pharmaceutical composition

comprising at least one antibody of the invention or an antigen-binding or an
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Specific preferred enbodi nents of the invention will beconme evident fromthe
follow ng nore detail ed description of certain preferred enbodi nents and the
clainms. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1 depicts graphs that
denonstrate neutralization of NG- activity in the DRG neuron based
neutralization bioassay by 4D4 nonocl onal antibodies purified from the
hybri doma conditioned nedia. 10 Figure 2 depicts graphs that denonstrate VRI
expression stinulated by human NGF activity and neutralization of NOF
activity in DRG neuron based neutralization bioassays by an anti-NG-
monocl onal antibody (4D4) purified fromthe hybridoma conditioned nedia.

Fi gure 3 ddpmepdogieaiyhmetional inampaglphingragment thbieofitol amindividug@rnaesed vity in
DRG 15 neygpnebased neutralization bioassays by transiently expressed
reconbi nant anti-NG- 4D4 nonocl onal anti bodi es when expressed as either an

g3 or 1g& and ik cell r . e i.n.a,.roll bottl ture (R or in
spi nner fl asks ?%%CEHCFEIJSL‘F?:@@ 38' g@%?‘g‘?‘%%é%d‘&ﬁ%“é‘“%ﬁ?‘gﬁ?ﬁ%"ﬁ‘%es“g‘}e%ﬁ% otﬁ? ophi ns.
The nunber ifoitpvangimosaietailehdegcriition of eerteingreferasdtembalimentstahdthe elireice refer to
mature human NGF. 20 Conserved residues are marked with a star, and regions
wi th | oW sequence honol ogy are shaded. NGF human is SEQ I D NO 135; NGF
nmouse is SEQID NO 136; BDNF is SEQID NO 137; NT3 is SEQ ID NO 138.
Figure 5 shows anti- NGFBRINX DESERIPTION OFIHE DRAWINGS percent identity for
the 14D10 (SEQ ID NO 98), 6H9 (SEQ ID NO 104), 712 (SEQ ID NO 110), 4Gs

25 (SEQ I D NO  Fiktje, 1 Héfictd LraphE@at Beaistrte neuttliatibof (RER abRifhGh tB2)

ant i bodi es.cwfégure g %gows ntj - NGF CDgQZ heavy chain alignnment and percent
identity f fizon hes n(’*@@%‘ﬂ“@ﬂ pssanby 4134 mynpalenal antibedies pusified fippp ( SEQ | D
NO 111), 4fLhybfidtstd édhdiehedlidddia 14D 11 (SEQ ID NO 93), and 4D4 (SEQ ID NO
18) antibodies. 17 Figure 7 shows anti NG- CDR3 heavy chain alignnment and

percentyg denti t wighf 2 dbfifis tHaSEEInRrNOVRY Mbres@dnl Rirhubkbd thhl%n 106), 7H2
(SEQ ID NO_. 112),” 4G (SEQ ID NO_118), 14D | (SEQ ID NG 94), and 4D4
( SEQ | D NONGE pctiyity j apd gieptgalization of NGF activity in DRG neuron based neutralization

bioassays by an anti-NGF monoclonal antibody (4D4) purified from the hybridoma
conditioned media.

Figure 3 depicts graphs that demonstrate neutralization of NGF activity in DRG

15  neuron based neutralization bioassays by transiently expressed recombinant anti-NGF

4D4 monoclonal antibodies when expressed ag either an IgG1 or IgG2 and in cells grown
either in a roller bottle culture (R) ot in spinner flasks (8).

Figure 4 depicts sequence alignments of neunrotrophins. The numbering and
secondary strncture elements above the sequence refer to mature human NGF.
20 Conserved residues are marked with a star, and regions with low sequence homology are
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 CDR1 heavy chain alignment and percent identity for
the 14D10 (SEQ ID NO: 98), 6H9 (SEQ ID NO: 104), 7H2 (SEQ ID NO: 110), 4G6
25 (SEQ IDNO: 116), 14D11 (SEQ ID NO: 92), and 4D4 (SEQ ID NO: 22) antibodies.

Figure 6 shows anti-NGF CDR2 heavy chain alignment and percent identity for
the 14D10 (SEQ ID NO: 99), 6H9 (SEQ ID NO: 105), 7H2 (SEQ ID NO: 111), 4G6
(SEQ ID NO: 117), 14D11 (SEQ ID NO: 93), and 4D4 (SEQ ID NO: 18) antibodies.

17



Figure 8 shows anti-NGF CDR1 |ight chain alignnent and percent identity for
the 5 14D10 (SEQ ID NGO 95), 6119 (SEQ ID NO 107), 7H2 (SEQ ID NGO 113),
4G6a (SEQ ID NGO 119), 4Gb (SEQ ID NO 122), 4Gsc (SEQ ID NO 125), 4Goad
(SEQ ID NO 128), 4G6e (SEQ ID NO 132), 14D11 (SEQ ID NO 95), and 4D4
(SEQ ID NGO 24) antibodies (4Gsa is referred to in various Figures as 2003
1 02 8340; 4GGbis referred to in various Figures as 20031028351; 4G6¢C is
referred to in various Figures as 20031071526; 10 4G6d is referred to in
various Figures as 20031028344; 4CG6e is referred to in various Figures as
20031000528). Figure 9 shows anti NG- CDR2 |ight chain alignnent and percent
identity for th€iguiedDi®OwsSEPNGF NDR3ISIVY Gl AlighQedtRAndiPercé@8dentiglfd2 ( SEQ | D

126) . 4Gbd Tory 03N 4 86; 160, ey w2 RE Yok 2 Y R Tk b o
96), and 4RSEQILWO:D1B014B0) (SEQID WO4,2nf 406 ESEQ 1D BiR 14 pehtibediésn var i ous
Fi gures as 20031028340; 4G6b is referred to in various Figures as 20 03 1

02 835 1; 4G5c Fipufed shows dnfi-NGFCORI iigwsﬁﬂ@mmg@@&&&@ﬁé@%rmé%d_ i's
referred to in various Figures as 2003 1 02 8344: 4CGoe is referred to in
various 5 Fi YiHe{SEQ D 3 B3beEB4FEQID NO'gr 7HA (SHQUR Now H3NAS6LFER | | ght

hai | i gNiERb: ' £ aphdel . 6119
?sglcgnl?) :\1% 108') ,ﬂl@g’Hz SJM%,%S %ﬂﬁ% Il%%%é@%%g (SSEQﬁ)zIs(B)’SﬁN%d %3 , l%%b (SEQ I D
NO 124), 4@8k 4GSe(PEOINDO:1182),, 14DEh SSEEHHNGD 95)@nd #29)(SEQABDNQSEE) | D NO

134), 14D11 (HER.! L)ed 125 - Welelel %St .406a is
referred t(])anlﬁn vgr(i oussﬁ%guretg%gg%%%%%?g&%%@gér%kerre to in
vari (2)88 Fiogmieg Eigx&?)ﬁ_aommfﬂiﬁi;g}dg isqaﬁﬁmdit«_silrmiepsrﬁgummasi N(Z)gg};;)’iiﬁgazﬁggjhguzg
as : s referr to i s El.gures a ; e
3 of oft aciCHg® rileeel g et Futlt DO BREOHS 456t 1 HOHE ant i - NoF
| i ght chai miﬁgbggaemlomSpercent identity for the 14D10 (SEQ ID NO 82),
6HO (SEQ ID NO 84), 7H2 (SEQ ID NO 86), 4G6a (SEQ ID 30 NO 88), 4G6b

(SEQ I D NO  89) FightH®sHowsehti-NAYLDRY )ight ¢hbislal{chielend dnd Wetcet Identity 6y té6e ( SEQ
ID NO 131), 14D11 gg:}f\%l D NO. ng, and 4D42£)(§E%(I2D NO. 12 ant i bodi es
(4GBa is r HDHP ESEQ ID ND:P4),i 45195 JOrheQ: 108), THE 42 BQIBANN: UAEYGEa (FEQ erred to
In ID NO: 120), 4G6b (SEQ ID NO: 123), 4G6c (SEQ ID NO: 126), 4G6d (SEQ ID NO:
15 129), 4G6e (SEQ ID NO: 133), 14D11 (SEQ ID NO: 96), and 4D4 (SEQ ID NO: 20)

antibodies (4G6a is referred to in various Figures ag 20031028340; 4G6b is referred to in

various Figures as 20031028351; 4G6c is referred to in various Figures as 20031071526;

464 is referred to in various Figures as 20031028344; 4G6e is referred to in various

Figures as 20031000528).

20 Figure 10 shows anti-NGF CDR3 light chain alignment and percent identity for
the 14D10 (SEQ ID NO: 97), 6H9 (SEQ ID NO: 109), 7H2 (SEQ ID NO: 115), 4G6a
(SEQ ID NO: 121), 4G6b (SEQ ID NO: 124), 4G6c (SEQ ID NO: 127), 4G6d (SEQ ID
NO: 130), 4G6e (SEQ ID NO: 134), 14D11 (SEQ ID NO: 97), and 4D4 (SEQ ID NO:
16) antibodies (4G6a is referred to in various Figures as 20031028340; 4G6b is referred

25 to in various Figures as 20031028351; 4G6c is referred to in various Figures as
20031071526; 4G6d is referred to in various Figures as 20031028344; 4G6e is referred
to in various Figures as 20031000528).

Figure 11 shows anti-NGF light chain alignment and percent identity for the
14D10 (SEQ ID NO: 82), 6H9 (SEQ ID NO: 84), 7TH2 (SEQ ID NO: 86), 4G6a (SEQ ID
30 NO: 88), 4G6b (SEQ ID NO: 89), 4G6c (SEQ ID NO: 90), 4G6d (SEQ ID NO: 91),
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various Figures as 20031028351; 4CG6¢c is referred to in various Figures as
20031071526; 406d is referred to in various Figures as 20031028344; 4Gbe is
referred to in various 5 Figures as 20031000528). Figure 12 shows anti- NG
heavy chain alignnment and percent identity for the 4D4 (SEQ ID NGO 10), 4G5
(SEQ ID NO 87), 14D10 (SEQ ID NO 81), 14D11 (SEQ ID NO 79),7H2 (SEQID
NO 85), and 6H9 (SEQ IDNO 83) antibodies. 10 DETAI LED DESCRI PTI ON OF
CERTAI N PREFERRED EMBODI MENTS The section headi ngs used herein are for

or gani zati onal purposes only and are not to be construed as limting the
subject matter described. Al references cited in this application are
expressly imﬁtﬁer(SEQaﬂbdiﬂnylarle,f Mlbﬁc(SBQarIBiNOf @0), aungt 404 (RE@.IDIFODER) ni ti ons

Conventi onal e. used ol i gonucl eoti de
synt hesi s, a&HIEP%'E l%fﬁ ‘f‘#fi é‘h‘&nPP %3’55%@3?%‘05%%%&* TEI8 ™At i on,
| i pof ect i Ol’vhnousw l2003’103835ﬂ94(5606!§1ﬂ:f@tbﬂ|t$ incAtbY Fiaed W 0SRH715%; be
performed according to .manufacturer' gem fications or as com"mnfy

acconpl i she§ods rateredtp invanous Jigures ‘He@ [P2Re44e AH6e tastarmsd dgén wagionschni ques

and pr oqedqflﬁgesr@m@qomgj ally performed according to nethods well known
in the art and as described in various general and nore specific references

that are cited S SS SRl Uhais éﬁ’% See e.g.
Sanbr ook et at. @ 0011, m%ﬁlﬁpaﬁl NG rhzig%{,&%%?AT l\/lﬁxll\lbﬁﬁ’L hfé)(r}l"e Col d
Spring Har M (SBQdIbN@r 10)P#e6 SSEQHD NO587), 14D HA (336} TD NOy 81), iADEh(SEQ

i ncor por at 1 r s specific

defi n:otl on?ﬁzﬁé p OVI gsgél?ﬁi&nsg Fﬁ?& [IP#PF%? n:gﬁ&lginnegtl on with, and

t he | aboratory procedures and technl gues of , analytical chemstry,
synthetic organic chem stry, and nedici nal and pharmaceutical chem stry

S| ar ,“er@t@eﬂ?@]%@ﬂ?* ONCRIAN THERAEDIMBODIMIB Y 1 heses,

chem cal analys C ut| ratlo . faormul atio nd d I|very,
and treat nent oﬁﬁf)%?clg ﬁe@l gﬁﬁe@eaﬂg °%%8%‘6ﬁ“88‘§@8‘ﬂ?ﬁ9ﬁ Yhaéﬁ g
di scl osur e, to theecofisthied s Mighitiey e, subjaétansiter dedotibeti sAllimfé’r@aésedtedsﬂalnh be
understood to.have the foll.ow n anl The hrases 5 "bi ol ogi cal

R RO Peter

property", ®PBGRORAE SEPTES ﬁ?jh‘?‘ﬂ’é FEHPWEXEi vity" in reference

to

15 Definitions

Conventional techniques may be used for recombinant DNA, oligonucleotide
synthesis, and tissue culture and transformation (e.g., electroporation, lipofection).
Enzymatic reactions and purification techniques may be performed according to
manufacturer's specifications or as commonly accomplished in the art or as described

20  herein. The foregoing techniques and procedures may be generally performed according
to methods well known in the art and as described in various general and more specific
references that are cited and discussed throughout the present specification. See e.g.,
Sambrook et al., 2001, MOLECULAR CLONING: A LABORATORY MANUAL, 3d ed., Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., which is incorporated herein

25 by reference for any purpose. Unless specific definitions are provided, the nomenclature
utilized in connection with, and the laboratory procedures and techniques of, analytical
chemistry, synthetic organic chemistry, and medicinal and pharmaceutical chemistry

described herein are those well known and commonly used in the art. Similarly,
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an anti body of the present invention are used interchangeably herein and

I ncl ude, but are not limted to, epitope amty and specificity (e.g.,
anti - human NG- human anti body binding to human NGF), ability to antagonize
the activity of the targeted polypeptide (e.g., NG activity), the in vivo
stability of the antibody, and the inmunogenic properties 10 of the

anti body. Ot her identifiable biological properties or characteristics of an
anti body recognized in the art include, for exanple, cross-reactivity,
(i.e., with non-human honol ogs of the targeted pol ypeptide, or with other
proteins or tissues, generally), and ability to preserve high expression

| evel s of gowicefional realmiquesl inay leeubes, foFh ehemudad r yntheses,o nizashigal opelyseses or

characteri CS n ob : usi .ecogni zed

t echni quesilhér{ﬁaﬁ%lﬁﬁagl,%?%ﬁr Eﬁ%?o%%ﬁgﬁﬁﬁtf%&%%p%d%ﬁ%é&%ﬁ% LI SA, surface
pl asnon resonan l,ysi s, | - nd. Ln. wivo neu i zation assays
(e.g., Exanple %%uﬁﬂ%ﬁ f"ﬁ%prru:ni Joi heﬁg%@ﬁgﬁg%"f ?’ﬁck%%%ﬁtégﬁ%mg CPFoES r om
dlffgren'lt:) oterwi 'leesindibaie;i,dslﬁly_ _bhumﬂmtggrb]cd lmbell;ne fullowing roédnin gs:fsmtrplﬁasﬁ§ t he ge:ed
may be. _Par}jcu actiyities.a i ol ogi.ca roperties,o nti-human N
hunan aﬁti_b f"&“ P@P%scﬁ’FﬁwaFﬂl’ﬂF‘tf?"t“ﬁg‘?’H&'&E! n AP BoTelsEEnp s bel ow.
The term " iaf @httcdl oP the Yid6rt RSichtilR ar@Eseld SRetcRRAESLTY Hehid And MR but are ,

pol ynucl eoti de of . genonm c, eDNA, or _synthetic origin or sone conbination

t her eof , wiPtHmEsd {0, epitepe ptigitysand Sppeificity (e b ttaman NG o asibede (1) is
not associ ot Hnh | ; [ : . | ' l.Gh. t he

i sol ated pglhgﬂlug\(,:!lo eot | deNi@]g)’ %ﬂ%&i %&r%g%ﬁ?ge%ggmﬁjgﬂ ]I?l?trﬁgggec% gul\é}f;@f&&e

pol ynucl eot(¢-2eNGH agtivith, the irjveorsbility eidbelan eng the ipmuiqgenid geopemies occur i n
nat ur e 4as I . " . AL referred
to heré?n %@gﬁgm?ﬁgg'éﬁ%%%%%§€£%$%§§Fﬁ£?%$kﬁ§gb¥gégk%%gg?%nggyﬂgd ot her
prot ei ns wiredogmibed in ithe o uincludm rivalekymile frossmactiviy, (is., weiis aonihahby free of
ot her proteins, from.the same .sour.ce, e.d... from.the sane species, (3) is 30
expr essed E\?mglogﬁf)ﬂhf%ﬁ%ﬁ?lﬁ?f@?\tm %@cqﬂé% Drotgms o ssﬁeée%g’&@ﬂi)r &P‘&d from at
I eﬁst abOUtabfﬁiQ( taq»rmemﬁhpéxpﬁ@ﬁwue&eﬁpbf Ciié‘@t_ciﬂ irph:ﬁmmamaié;)&nydrarh@s, or
other materials wt ich it is associat in nature, i s not

associ at ed HBFOEE9ATde AOPEes B AL ERECS; wglwae‘%%ﬁé %ngﬁ% PPBAE of a
protei msw trfuopizédtebHifqued foludingdoud el Bhited o FIASAE OCInHefbive PLIBAL _b'tﬁ'ﬁhce (6) is

operably associ ated (by coval ent or noncoval ent Interaction) with a
pol ypept i délagmpn resonance analysis, in vitro and in vivo neutralization assays (e.g., Example 2),

and immunohistochemistry with tissue sections from different sources including human,

primate, or any other source as the need may be. Particular activities and biological

properties of anti-human NGF human antibodies are described in further detail in the
20  Examples below.

The term "isolated polynucleotide" as used herein shall mean a polynucleotide of
genomic, cDNA, or synthetic origin or some combination thereof, which by virtue of its
origin the isolated polynucleotide (1) is mot associated with all or a portion of a
polynucleotide in which the isolated polynucleotide is found in nature, (2) is linked to a

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

of a larger sequence.

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

30  expressed by a cell from a different species, (4) has been separated from at least about 50
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5 which it is not associated in nature, or (7) does not occur in nature.
Such an isolated protein can be encoded by genom ¢ DNA, cDNA, nRNA or ot her
RNA, of synthetic origin, or any conbination thereof. Preferably, the

i solated protein is substantially free from proteins or polypeptides or

ot her contam nants that are found in its natural environnment that woul d
interfere with its use (therapeutic, diagnostic, prophylactic, 10 research
or otherwise). An "isolated" antibody is one that has been identified and
separated and/or recovered froma conponent of its natural environnent.
Cont am nant conponents of its natural environnent are materials that would
i nterfere wercentdifaypiwticotides, ligids paholydraisseor ofher Inatwahnmﬂbmdhy:h wwngd may

| ud
061 enaulBin RLIRACE i SO0 RSN B PO 200

greater thaortidhdeby psteiphtitlo fvhivhtthd Gidglatad ptbﬁm’r 8 #peckidigd idmatm:ev\(ﬁy isret hod,

and nost pref r abl t han 99% b to. .a degr ufficient to
obtain at PRE&Y yfgso&'agg @ﬁé’g" @tﬁ;tngﬁ%vﬁgﬂ 1Bferg % d?ﬁ%f? iWtequence
by use af avhsdhi iR M aCsbBiated SA WRRA] Of (7) oes( Mot ohanhﬂmewesﬁox aVisoPkast PAGE
under reducing or nonredqglng 20 condj ti @ S u5|ng Coomassi e bl ue or,

pref er abl y pretyin g be eagoded by gragme) Db mRNAereather BA ook syBHIEtc i n situ
Wi thin reC%ﬂEﬂn,“@ﬁ&ny%Hbﬁxaﬁbﬁ‘ﬁﬁm@f PRsbID R 1561&9(?{@1%%11 ﬁfsubé‘iﬁmaﬁfh-bémdy S

natural environnment wll not be present. T e ter ypeptide”
"protein" rf@ahmn%@ulmbpmﬁawrtqi@rm@mt%ﬁm H@tfquédpnoltsehmalthat is,

proteins prg g”fiﬁg r f
recombi nant” ce ,tb%hfapg‘}eoﬁfedﬁdé&f yg'gt{ﬁ ﬁ%grgﬂﬂ%%ﬁgc%é‘@a %, w@:hyl?éw, and
conpri sk nuotsexrch enthawise)y t he ami no acid sequence of the native protein, or

nol ecul es having deletions from additions to, and/or substitutions of one
or nore am no aﬁhd‘ﬁsoiéted”hmtibady veeones gt bmc been Tidentified nend” @ptwtpépnd/de" and

“protein” al | nconpa an i,-NGE_an i es se uences t hat
have del et |rg°}9¥er?¢§ﬂﬂn%°c?g % Pﬁso Fanirel e é &f‘gﬁl%ﬂg ﬁ or nore
amno acid xﬁﬁmamaﬁhmnﬂ\&mnmlbﬂdywoaa intér€eré @itﬂﬂm@ﬁésﬁp@pihbﬂﬁuﬁd’mm nt"
refers to arr%lyp pt.i de .t hat, an amnpo- term deletion, a

car boxyl - t df Qy’eﬁﬂlid‘i’ﬁy 3 TZERSS: RYEICASE P 1) REPLeInAGEORS 9% Tonp, _
enbodi MBNt SrotkihAYHRNofut! CAfrefeRaB bmBodientd) M adBdPWINBe PRARkE (1PRY. [t Will

be
greater than 95% by weight of antibody as determined by the Lowry method, and most
preferably more than 99% by weight, (2) to a degree sufficient to obtain at least 15

residues of N-terminal or internal amino acid sequence by use of a spinning cup
sequenator, or (3) to homogeneity by SDS-PAGE under reducing or nonreducing
20 conditions using Coomassie blue or, preferably, silver stain. Isolated 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 genetically-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 substitutions of

30 one or more amino acid of an anti- NGF antibody.
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appreciated that in certain enbodi nents, fragnents are at |least 5, 6, 8, 10,
14, 20, 50, 70, 5 100, 110, 150, 200, 250, 300, 350, 400, or 450 am no acids
| ong. Particularly useful polypeptide fragnments include functional donains,
i ncl udi ng binding donmains. In the case of an anti-NG- anti body, useful
fragments include but are not limted to a COR region, a variable domain of
a heavy or light chain, a portion of an antibody chain or just its variable
region including two CDRs, and the like. 10 The term "specific binding
agent"” refers to a natural or non-natural nolecule that specifically binds

to a target. Exanples of specific binding agents include, but are not
linited to pr oL Bs fesm Tnolypeptide, fragment! wsfeac faia polmeptisieydirtahassan amitot i pi ds. | n

certain g,maséon 3 GAR Mgﬂieﬁ& 30801 ad @rﬂala&iegg Q0% Jg, term

"specific b| ndi ng ageht to ers to a sp ec b ndi'ng agenﬂ that 15
speci fi cal Imbbtﬂmﬂsts,afrygqmm amnatolbadxl@zto ahwtéﬁ@ amince ptiddilognt &, will specific
bi ndi ng agent bo t hat .bj nd Y . The
term"i murf8P% %?caﬂlﬂ fc ﬁ%@qt%%rﬁlﬂflﬁﬁ%@#eﬁ@"“a%& gg”e\ﬁ: her ei n

refers tso aopol pesa,iade, ﬁmagmansso; 60, o2 30 i adidd RAg! PdrficildlyREcRf the
I mmunogl obul b t:,g vy and | | ght_ chai [ nol ogical ly functi onal
i munogl obPPHRH t5 finclyge fE’C‘P“PFﬁriéiﬁ’an’Bﬁ n @a&&md@go@wmlﬁghq 0 an

antigen. | @a@r&fa@rdnﬁm@me@wa?nﬁs%ﬁu tﬁ*agmé}ﬂé IR bt Zre dot GRS KRICD
specifically binds to a rec 0 hese enbodi nents, binding of an
i munol ogi degiony avatiable demzgin Ew:mgmdtaht ¢haing r pentien of axf antihedy dviarer jush pr event s

bi ndi ng  ofy, bérg%gﬁlmgﬂld Eth tﬁﬁ difikerrupting the biol ogical response

resul ting fro he receptor Preferably, an

|nnunol i cal l e, Dy | i on bi nds
speC|f|caI ly t)c/)Tk%%&hl\gst pre¥ &Q% he 1@8&@ L"g glgleg'? ?{égl ly to
hlt;man NGFf spevificatly bmdmfa:t mmgdty-Bmmplesr u;)ﬁ’apémﬁ@bmémﬁb agmtsf umluﬂeld)uamalmeg to an
object re act at t obj.ect n ou or
exJarrpI e, aq%'faéptgplp Oqu’E‘g yﬁﬂ oﬂ e’ @%\X&Wﬁe qlpf‘@' pﬁb§ in an

or gani sm ( i eifblodietetitg, aspedifi€bihdinp agentRan Bitibody, i sol at ed froma source in
nature and that has not been intentionally nodified by man is

\rll\zt uLaI Ihy OCCUr Thé grm FaeecifiRbindindaealtb WAF n&RE: toiPpB&Efi¢ Biling Agernt @iyponent s to
ich the termis
15 spemﬁcally binds any portion of NGF. In certain embodiments, a specific binding agent

to NGF is an antibody that binds specifically to NGF.

The term “immunologically functional immunoglobulin fragment” as used herein
refers to a polypeptide fragment that contains at least the CDRs of the immunoglobulin
heavy and light chains. An immunologically functional immunoglobulin fragment of the

20 invention is capable of binding to an antigen. In preferred embodiments, the antigen is a
ligand that specifically binds to a receptor. In these embodiments, binding of an
immunologically functional immunoglobulin 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

25 fragment of the invention binds specifically to NGF. Most preferably, the fragment binds
specifically to human NGF.

The term “naturaily-occurring” as used herein and applied to an object refers 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
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applied are in a relationship that allows themto carry out their inherent
functions under 5 suitable conditions. For exanple, a control sequence
"operably linked" to a protein coding sequence is ligated thereto so that
expression of the protein coding sequence is achieved under conditions
conpatible wwth the transcriptional activity of the control sequences. The
term"control sequence" as used herein refers to pol ynucl eoti de sequences
10 that can effect expression, processing or intracellular |ocalization of
codi ng sequences to which they are ligated. The nature of such control
sequences may depend upon the host organism |In particular enbodi nents,
control sedsedateifoharsomce kmnatateasd iy hasyot beka intentmeily medified bpasanniml bi ndi ng
site, and transcripti.on term nation sequence. In other particular

embodi nent &2 ﬁ?%inggquences for eukaryotes may include pronoters 15

conpri sing one lyrality.qQf .recognition sites for transcripti.on
factors, transc%ﬁ?' OPSﬁh%lé‘gﬁeds@ﬁ n%@ts,etcf’g‘ﬁ%cp pﬁoi‘g{\w &G on
sequences aipflidaciry e rRIoidish@Nthadllees @ to dafly 68y theli thheRBORlheRAE Sader CONt 1 Ol
sequences” can.include | eader sequences_and/or fusi nlﬁ%,t ner sequences.

The term " pYIBAREPMEHINY o TOR SXprapler 3 SOPtOh SeA¥ERSe CREEMY | ©-3 ProfiRied or
doubl e- 20 &Hﬁg@&ﬁl@n&% higted Beteto RPN Bipfesbn ot th'e?ﬁ&&in?'e@dﬁﬁ%%ﬁ.\gﬁdqus in

length. In certain _enbodinments, the nucCleotides conprjsi n%

pol ynucl eotdchievedavndge condifisns competitde withrthe drersesipticnah aetivity ot dbe controd nodi fi ed
form of eiter. type of nucleotide. Said nodifications include base

modi fi cati ons such as bronuridine, ribose nodifications such as arabinoside
and.2',3' -di deo L hOst i cl ' i | fhLcati uch as 25
Phosphor of hf oat a1 s SARR cefeiih s T8l o (AES pARRLUEGRL BliEnctd
phosphor(odi thstlcem effdce exprepbios, iracesdny drdhtvicabie logahingibn vAcidirgoaiweneesdo

hoaph i, . The t " pol tide" ifically i i ngl
Pnd doubl o WEMLRALAEABRHE She BKe 6THED GO SoPHoTeY CRePlardt UF B o (o
her ei n i ncl gigesent ainUsadtidular @bodifneiits, cobiis] seqiRaldek f@Chrokiyotat mgehchiinked

together by naturally occuyrring, and/or non-naturally 30 occurring
ol i gonucl edirPaen THhesRyed  birding e AN Fanga PR dermingigl (Feeicass i 3% odigfset 23

conpri si ng NRMARE SenftddimeifsS DRIAAT &qhidhesd T&H BmidlyoRRdREy SRAA YRorRotbgNOt h Of
200 nucleotides or fewer. In cer?égi n enbodi nent s, ol?r onucl\ebg?ides are 10
to 60 nlicl ewniptisisg one or a plurality of recognition sites for transcription factors, transcription

enhancer sequences, transcription termination sequences and polyadenylation sequences.
In certain embodiments, "control sequences” can include leader sequences and/or fusion

partner sequences.

The term "polynucleotide” as referred to herein means single-stranded or double-

20 stranded nucleic acid polymers of at least 10 nucleotides in length. In certain

embodiments, the mucleotides 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 intemucleotide linkage modifications such as

25  phosphorothioate, phosphorodithioate, phosphoroselencate, 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 nom-naturally

30 occurring oligonucleotide linkages. Oligonucleotides are a polynucleotide subset
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in length. In certain enbodi nents, oligonucleotides are 12, 13, 14, 15, 16,
17, 18, 19, or 20 to 40 nucleotides in length. A igonucl eotides may be
single stranded or double 5 stranded, e.g. for use in the construction of a
genetic nutant digonucleotides of the invention may be sense or antisense
ol i gonucl eotides with reference to a protein-coding sequence. The term
"naturally occurring nucl eotides" includes deoxyribonucl eoti des and

ri bonucl eotides. The term "nodi fied nucl eotides" includes nucleotides with
nodi fied or 10 substituted sugar groups and the |like. The term

"ol i gonucl eotide linkages" includes oligonucleotide |inkages such as
phosphor ot khwptising piradetsothet etei geneally phglestomdet and e e length of 200

phosphor odi NRaLe phatr. or ani|

phosphomani’ gg{mgl ndfepgpoﬁa &19%%&:&{0911 Elﬁ%‘?ygg ‘#% r& fgglgouq%cl Aci ds
Res., 14: 9RhgthShecerain aiibodin®bi, olﬂgon%oﬁ%mt 15\/16, 14, 15’,6L66W 18, Bi,etn et al .,
1988, Nucl ...Acids 15 Res, : 3209;.. Zon .et, at 91, Anti| - cer ug Desi gn,
5:539; Zen 29,16 ‘ﬂ’ &%@Eﬁ ta PR e bR Sl arnde b L
APPROACY, Riand8de.d Qr (de- m@é(&dnﬁthﬁumﬁ‘éf)i e@ﬁf:%xﬁmlémm%bﬁﬁdlébnﬁ’éseﬁsthe Oxf ord
Engl and; Stec et at U S. Pat 1,510, Unl mann and Peyman, 1990,

Cheni cal Rd%yestien maybe segse @m@ﬂ&nngwéﬁw@@ndm wilhrefviense do R@rSEY-cPditDr por at ed
by referencgg 1{\:8&3 any purpose. An oligonucleotide can 20 include a detectable
| abel to enable detection of the oligonucleotide or hybridization thereof.

The term "vecto Qﬁﬁm porting
anot her nucl ei c&gc:t%&to I ch |§i§g%§een ?Dhﬁﬁ]ggse&e t pgc%udt\?gégﬁé s a
"plasm d", rivohwhectidesf dihs term "modifred mueleotiflosiihaudss maxﬂdmdedjh:ﬁ@h hmdpﬁed ot 0 which
addi ti olrbal s%m%e%gnent groﬁﬁymizthlgelﬂce' g?geeg%mgﬁtoh%c] %/doghﬁ(i‘ﬁ ev;,a(:t If is a viral
vect or, “wherern Aaoet Segmen y &N 5%1 8 85 dﬁ?ral
genone. Ceronlgmclceﬁdeor shlﬂqagescapmbﬂn e ef aphesphroiivatel epphasphommhdatea host

cel | into ch th are |n c bact e S t]gaal ng a

bact eri a] @’E ?ﬁﬂ’l"@t&l |Rl‘8 ’5%8“"&& s&?ﬁ? Fﬂiﬂﬁ%ﬂ"f’ \Pge%e & her
vectors (elﬂosph&%ﬂrmdﬁﬁ' SRITRe mmméel ap., mptaﬂdhs)etwmm 'M!Ecﬁgfcﬁs%s' nto the
genone of host cell upon 30 i ntroduction into host cell. and t her eby

are repli céﬁ@&SbISﬁW‘\ﬁt W8 4o Sthetedrspd 06: G%'Ir’eséﬁﬂéﬁf alg 4988 Nck deidor s ar e
capabl e;50f glir §6LbHY £fACerCAPNIGSE | B-ClncHe PP DEsith)i €480t BEK o 2, 1991,
OLIGONUCLEOTIDES AND ANALOGUES: A PRACTICAL APPROACH, pp. 87-
108 (F. Eckstein, Ed.), Oxford University Press, Oxford England; Stec ez al., U.S. Pat.
No. 5,151,510; Uhlmann and Peyman, 1990, Chemical Reviews, 90:543, the disclosures
of which are hereby incorporated by reference for any purpose. An oligonucleotide can
20 include a detectable label to enable detection of the oligonucleotide or hybridization
thereof.

The term "vector" includes a nucleic acid molecule capable of transporting
another nucleic acid to which it hag been linked. One type of vector is 5 "plasmid", which
refers to a circular double stranded DNA loop into which additional DNA segments may

25  be ligated. Another type of vector is a viral vector, wherein additional DNA segments
may be ligated into the viral genome. Certain vectors are capable of autonomous
replication in a host cell into which they are introduced (e. g., bacterial vectors having a
bacterial origin of replication and episomal mammalian vectors). Other vectors (e.g., non-
gpisomal mammalian vectors) can be integrated into the genome of a host cell upon

30  introduction into the host cell. and thereby are replicated along with the host genome.

Moreover, certain vectors are capable of directing the expression of genes to which they
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are operatively linked- Such vectors are referred to herein as "reconbi nant
expression vectors" (or sinply, "expression vectors"). Ln general,
expression vectors of utility in reconbinant DNA techni ques are often in
the formof plasmds. In the present specification, "plasm d" and "vector”
may be used interchangeably as the plasmd is the 5 nost commonly used form
of vector. However, the invention is intended to include such other forns
of expression vectors, such as viral vectors (e.g., replication defective
retroviruses, adenovinrses and adeno-associ ated viruses), which serve

equi val ent functions. The phrase "reconbi nant host cell™ (or sinply "host
cel I ") i nclalepseraiivelyl linkedit Such Mactotsi apd referreddo rtireitaag "recoprbitnt expressieh or has
been intro w ot will .he understoq those of .skill in.the art that
such ter rrsq;é(?tggi %resﬁlalgia" t BPraret v?l‘% g-nﬁig@sraﬁﬁgprggﬁ% o5 of Bily &Rt cel |
but to thedrpcrongﬂwt OjN&ute&ngqtﬁ@Iake oBert divStBe Ok adMplagsids. ﬁla&ﬂeoﬁﬁast?iﬁy occur
in succeedin ner,ati o, to ,either tfation oy, enviraqnnenta

i nfl uences,sl’g‘&‘% %oé@ﬂ‘qﬁﬂ%%ﬁ&@ 4y ke n;,v“ﬁ%c “H%ﬁ‘fg]ﬂ’(?élﬂ“‘cﬂasf‘%“p@? ent cell.
but are st ithdst bl dsed fhith BE +edfor. IeARFerOfhe vehtih i MitiRded RSThclGEd dueh @S Used

herein. A w de variely of host expression systens can be used to express
the anti boditiss farms pk exprassiont vacippse Michoas ivirell viertory (bac treplication Jefentive

bacul ovi r al .@nsl,58 'E@ﬂ“ p ' £I5 ﬂ% . .aS age .di spl ay
expressi on systeﬁn@an e%grr%ﬁz§g &ﬁ%ﬁ%;ggl e ggﬁﬁé‘?}gls@%p?@@%ﬁ vect or
is pUCL9. Tnddivpy.ess an anti body reconbinantly, a host cell is transfected
with one or nore reconbi nant 20 expression vectors carrying DNA fragnents
encodi ng t he i nifhe pbgbo etdmbihant host aelt! (ohemply Civat ddl"pinciudes awréll hagly such
that the, light, and _heavy, chai ns ar xpressed Ln Jost cgel | d,

pref er agq y,‘%gg]c? &F8H }ﬁtoeﬁpﬁ%m%aﬁg%%a% b %@W&a'ﬁgﬁlﬂg’gﬁng“?ﬁﬁ%l t ured,
from whi ch thediofskilitif thaar dadineh tean beintedel & @tr n&axli]ﬂc’w theravaiar nant  DNA
met hodol ogi es. ar sed .t o obt ai nti y heavy and | i ght chai n genes,

i ncor por at é“%ﬁ@§§]g'§t@3}?é’§°geﬂ¥8pﬁ”glb%ﬁ%fgﬁ?ﬂme SR EPREHYOGA i nt r oduce
the vector ssubdamgjgﬁlbmﬁ@ﬁsl@et@uﬁﬁr maStib\GAvieisiehiab fiflubiteS AR npt 2l -
2001, MOLECULAR CLONI NG, A  LABORATORY MANUAL, Cold Spring Harbor

Labor at or i €82y 14 Brst, bepdgptical tto the parepiceedl. but et stillinclpdedtwithin theisepprof ecul ar

Bi 0l 0gYy5 Crfiefem Pl oW A48 AGEIn AL Hide(vhABP ofHIG exbibsds :
4,816,397 to Boss et caP. 35 The term "%o‘iat%g%eq I iegb%gdéb %yg)@?%?géb%\g a cell
whi ch has bseh to reapre$sotheeahtibodies ©f 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

20 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

25  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.

30 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
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capabl e of being transforned with a nucleic acid sequence and then of
expressing a 25 selected gene of interest. The termincludes the progeny of
the parent cell, whether or not the progeny is identical in norphol ogy or
in genetic nmake-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
fromone 5 bacteriumto another, usually by a phage. "fransduction" also
refers to the acquisition and transfer of eukaryotic cellular sequences by
retroviruses. The term"transfuction” is used to refer to the uptake of
foreign or exogenous DNA by a cell, and a cell has been "transfected" when
t he exogenaoelectddiganhafSniomssth Tliemefmad&imdbsltlierpmgdw tftthe paréit cell mhetharcor nét nunber  of

transfectign techniques. 10 known i.n e art and, are discl osed
hororn© ot et iEReRT B Mphoiggof R dinesf sinbSvg 36 it B et at
2001, MOLE@@dgARhelsédtddgendispABGRATORY MANUAL, Col d Spring Harbor
Laboratories; Davis et at, 1986, BASIC METHODS IN MOLECULAR Bl OLOGY,

El sevier; and Chiw ematransdh98dn” feaned 13 rdf8r to whmstee%fn$éibkﬁ%ﬁﬁ8n@e used to
i nt roduce gne or nore_exogenouys DNA nojeties into suitab 15 host cel | s.

The term " PRAFEMLIoARETHEH usyally byaophegs. o) Transduction” also zeferm i e apqpisitions| | -
genetic caﬁ%ﬁbwn@&qu&&gﬁgﬂc&%mgegansforrred when it has been

nodified to contain a new DNA. For exanple, a cell is transformed where it

is genetically m&m@w&m’iemwﬁd eefer% eCuptdi@! dr¥fe raeg%e&il on or
transduction, the transform ng may 20 reconblne W t t e cell

physi cal | y DN# by ezellngnd; ;meell @Smm%?whmthe@ﬂﬁgenw DNAyhab desmai nt ai ned
transientl QFEQE Wist [
replicate yr@ependﬁqﬁsﬁ lgllnp e ﬂ'ﬂhﬁei[ It?)?lt{sagsc%%gll‘l er eglq? &&ave been

st abl y 10t r dne#oinrthd ashanl sideadifobdsed hermplSee,aegd Griliaim ®hel.,d1978 sVieslogf t he
cell. The Iy o n.u ction
Giih 25 biorty SERbRa: o AR Ua0L nMorm Nt A SRRORARARYSC | Phes
host cell SMHNUALhEolEiSbﬁng Hhﬂ)f)ﬁLiﬂaot'alnori&tIHvﬁsadt al.) vﬂyse,lh?ﬁsm IdeﬂTH@DSFINnat ure and
are not nani .S ar " non- a occur r| n

"non- nat i vé’l&i&ﬁ‘g’& ﬁ@%&ﬁn %‘d Chw e rda) L Lé‘lgll'ra ef‘%llﬁolt H‘H’d in
nature or 4RphiqhssadBeised!is ﬂﬁfoﬁﬁ@' dnb! ofRdiel dxBEknBlis BNA! ﬁsﬁﬁasqﬂto%dw-

15 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 its
native state. Following transfection or transduction, the fransforming DNA may

20  recombine with that of the cell by physically integrating into a chromosome of the cell, or
may be maintained transiently as an episomal element 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.

The term “naturally occurring” or “native” when used in connection with

25  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 synthesized by man.

The term “antigen” refers to a molecule or a portion of a molecule capable of

30 being bound by a selective binding agent, such as an antibody, and additionally capable
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The term "antigen” refers to a nolecule or a portion of a nol ecule capable
of 30 being bound by a sel ective binding agent, such as an anti body, and
additionally capable 26 of being used in an animl to produce anti bodies
capable of binding to an epitope of that antigen. An antigen nay have one
or nore epitopes. The term identity," as known in the art, refers to a
rel ati onship between the sequences of two or nore pol ypeptide nol ecul es or
two or nore nucleic acid nolecules, 5 as determ ned by conparing the
sequences thereof. In the art, "identity" also neans the degree of sequence
rel at edness between nucleic acid nol ecul es or polypeptides, as the case may
be, as det exfisting dsddyin tunaninml o lprdiiateveeibodity dapaide off binding toranrepiteperifehagot | de or
two or nore ﬁnin %%hg S%% ences. "ldentit nmeasures the percent of

e

i dentical rPEIER ﬁ"eméﬂrfﬁlnf"é‘?"p&tf’p%/smo or nore sequences W th gap
alignments (if ), addressed b 10, a_ particul ar hematical nodel or
conput er progra %/ite.""é‘. gémiﬁ’goﬁ %?ﬁﬁi“ jn e f‘g?rf’nt" §{T’%$5P%‘Psngipybet‘i"%°nd§%d in the
art with regqielcds of fwd & raére PolsPERIAR tnolddilbs britwo &P Hokicldidacid ABREILY , "
"simlarity" refers to a neasure of rel atedness, which includes both

i dentical rAgrletEanehly wEmaErs BeiscRieaiss Sereolit Indhe At dratity” piso myseosgbe ypept i de
sequences &e%e of Eéﬁhe&é%es%@ét%@cn‘ SlRRd & mefEbi1es %@Q@%@kg,e&ﬁpﬁ? remai nder

are all non conservative substitutions, th_en t y and
simlarity casunay beotak dgerngsd by the matcht ebvesa weingx eliwloeqr mdére mecleptideor ve nore

positions r her. LVadh Ve, »S | tutions, then the percent
I dentity r\gﬁéiogrsnto%%gm%ct% g%ggnggér/ cé%%n% i me?%%fst@e %ﬁnﬁofolgm%ﬁ%l f20) .
Ther ef or e, tetweendesmaliercd twé or morrsequendes e/t ghp Mépnfiehis (if taj)i addigssed b per cent

simlarjty between t ol ypeptides will be higher than_the percent identity
bet Weenio 20 RAHtS Wﬁ%&%ﬂﬁ%@%ﬂ?%%&d 0 rth“é?‘r}'ty of rel ated

nucl eic acids a ol ypenpti.des can be readily calcul ated by known net hods.
Such met hods i nﬂﬂﬁg%‘,“ 515@{&3% 1§ gped in the &g v ,reﬁaﬁﬁg’ea r%@%‘gf’?’ﬁ% P

COVPUTATI ONhtrdVilaESddhiin  Bialilefiy” réfln8 $da méaside, of Sdlatddnedsd FBich ifonldes shavni versity
Press, New York; BI UTI NG | NFORVATI CS AND 25 GENOVE PRQIECTS, (Smth,

D. W, ed.),identioal maichssand eonpsryative spsfitutign matcheso\BigreRolyrantidsseuerceSEQUENCE
DATA,  Part yhye (fati dshinPle, A0M0: jd@MbaCatnfidd Geids, P the@ffrainded 39 an HyggNa Press,
New Jer sey: Py oriaintle, 10770, idaee ahid  ikids qnef the al

15  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 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
20  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
described m COMPUTATIONAL MOLECULAR BIOLOGY, (Lesk, A.M., ed.), 1988,
Oxford University Press, New York; BIOCOMPUTING: INFORMATICS AND

25 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 ANALYSIS
IN MOLECULAR BIOLOGY, 1987, Academic Press; SEQUENCE ANALYSIS
PRIMER, (Gribskov, M. and Devereux, 1., eds.), 1991, M. Stockton Press, New York;
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I N MOLECULAR BI OLOGY, 1987, Academ c Press; SEQUENCE ANALYSIS PRI MER,
(Gibskov, M and Devereux, J., eds.), 1991, M Stockton Press, New York;

27 Carillo et at, 1988, SIAMJ Applied Math., 48:1073; and Durbin et at,
1998, BIOLOG CAL SEQUENCE ANALYSI'S, Canbridge University Press. Preferred
met hods to determne identity are designed to give the |argest match

bet ween the sequences tested. Methods to determine identity are described in
publicly 5 avail able conputer programnms. Preferred conputer program nethods
to determine identity between two sequences include, but are not limted to,
the GCG program package, including GAP (Devereux et al., 1984, Nucl. Acid.
Res., 12: 3&arillGestesdi,c 88 CliMt &r Arlisd pMatini 4810581 wnd fDWBincensi, n1998adi son,

W), BLASTR ul .et at. 1 J. Ml. Biol.,

21)5: 403- 41&P%@E@@ﬁ&f@%@%@éﬁ3%1@8?%%‘?‘9"%@%&%%“& e fromthe National
Vanual . A t schufBtedonodhif GPRIRS byt SRed e TR ok o
1990, supr dptwedh thevdelpenbarested SniIktodA o elefiRhing likafifyt diraestibedl if Gubleely used t o

determne ideptjty. Certain alignnment schenmes for aligning two amino acid
sequences {;L’ SERRPYS) Programsy cﬁ?"%‘%f Copppuier Pragigp MEEeHsoip determae { wo

sequences, i@t BitvesiTBld s@jubMtR® Indh® B HRYnot NAYiRAVR! ¥ndG8G SRAHENCE
identity even though there is no significant relationship between the two

ful | - | engt Padage cinelading ApAR (Beveeuy efial, d884, AYusl. ofaid diate 23871 Menddies ect ed
. t _ 4 ; . t
al | gnment TRt ok, PUR0GAR) o Wilkcohis “adibdh, a\ggg%ggg?,gg;h%@wns a

| east 50 contiguous @am no a targe exanpl e,
usi ng the dovilik Gxltsehwd@r i NiIPOGAP MdleRipl.j 215:403#30). eTheBDASTX pongramrisi t y of

W sconsjn, Lson.. W t | tides far i ch, t.he per sequence
ont o't SRS Vet e e Aol FRAGERE mieentibRe iR RICkR S8
rfaspept L\éfoaf&@mem Sgtbhaﬁ;dhlmﬂuwblﬁﬂ ¢8 RRINCB/NEMINIIE Bethe | ﬁim Qb%m;

al gorit : ertail 0 ts, ap openi ng penal, ich Is

cal oul at ed t%lﬁlﬁﬂ@@lftl{aﬂ@ﬂwini‘&ews‘&gwﬁéwﬁﬁat aleprigmomay #ebage

di agonal " igedBAecRMEna@CntRl. t he di agonal of the conparison matrix being
used; the "diagonal" is the score or nunber assigned to each perfect am no
acid match by t @RraiRalifrintdht SthemORARISHTY R dnhiXd 1AW deReAlRP nY HEARIPN Penal ty

k
(which is usually one-tenth of
15  matching of only a short region of the two sequences, and this small aligned region may

have very high sequence identity even though there is no significant relationship between
the two full-length sequences. Accordingly, in certain embodiments, the selected
alignment method (GAP program) will result in an alignment that spans at least 50
contiguous amino acids of the target polypeptide.

20 For example, using the computer algorithm GAP (Genetics Computer Group,
University of Wisconsin, Madison, WI), two polypeptides for which the percent sequence
identity is to be determined are aligned for optimal matching of their respective amino
acids (the “matched span”, as determined by the algorithm). In certain embodiments, a
gap opening penalty (which is calculated as three-times the average diagonal; where the

25  *“average diagonal” is the average of the diagonal of the comparison matrix being used;
the “diagonal” is the score or number assigned to each perfect amino acid match by the
particular comparison matrix) and a gap extension penalty (which is usually one-tenth of
the gap opening penalty), as well as a comparison matrix such as PAM250 or BLOSUM
62 are used in conjunction with the algoritim. In certain embodiments, a standard

30  comparison matrix (see Dayhoff et al., 1978, Ailas of Protein Sequence and Structure,
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t he gap opening penalty), as well as a conparison matrix such as PAM250 or
BLOSUM 62 are used in conjunction with the algorithm In certain

enbodi ments, a standard 30 conparison nmatri x (see Dayhoff et at, 1978, Atlas
of Protein Sequence and Structure, 28 5:345-352 for the PAM 250 conpari son
matri x; Heni koff et at, 1992, Proc. Mad. And. Sci USA, 8Q 10915-10919 for
the BLOSUM 62 conparison matrix) is also used by the algorithm In certain
enbodi ments, the paraneters for a pol ypepti de sequence conparison 5 include
the follow ng: Algorithm Needleman et at., 1970, J. Mot Biot., 48:443-453;
Conparison matri x: BLOSUM 62 from Heni koff et at., 1992, supra; Gap

Penal ty: 13:3¢&3g52 tondhenPAM2f0tcpmparison atriy; Behibdffl evdl., 3092, [Paed. Vatl. Aeafhe GAP

' taj di ts, th
Bt oremont | SRal S aeHost s Aot ARBIDRH RTEhibbtot BelS) (fulh FERSGEC = "

conpar i sonsglgofthinong with no penalty for end gaps) using the GAP al gorithm
The term "honol ogy" refers to the degree of simlarity between protein or
nucl ei ¢ 15 aci b eegnemtbedimditrtieqgnerioforat podypeptidetstqicnte Eanpatise

underst%ndin dtgéﬁggnethc rel atedness of certain protein or nucleic acid
speci es: § "B& determined by aligning and conparing sequences.

[07a aat Sbase of - WG, Seeherat ot by VeBioh BAS-Saiuances. shar o common

functional identitjes sonewhere n ei r__sequences, A high 20 degree of
simlarity or ide#PFﬁ’WﬁO&%lﬁ@ﬁﬂ@iﬁég@%ﬂE@%ﬁa 8¥. s481% hough a | ow

degree of simlarjty or identity does not necessarily indicate | ack of
honol ogy. Several G&B%P%‘Ehé% can be used to conpare am no acids from one
sequence to am nqQ aci ds of another sequence to determ ne honol ogy.
General ly, the apﬁ?ﬁ&@HgEPQKFF 4into two categories: (1) conparison of
physi cal characteristics such as polarity, charge, 25 and Van der Waal s
vol ume, 10t o generaﬂ@leﬁh‘g‘ilﬂﬁ‘g'lﬂﬁ“?’: trix; and (2) conparison of |ikely

substitution of an amno acid in a se%uence by any ot her am no acid, which
i s based orfhe GAP program may be useful with the above paraméters. In certain embodiments, the

aforementioned parameters are the default parameters for polypeptide comparisons

(along with no penalty for end gaps) using the GAP algorithm.

The term “homology” refers to the degree of similarity between protein or nucleic

15 acid sequences. Homology information is useful for the understanding the genetic
relatedness of certain protein or nucleic acid species. Homology can be determined by
aligning and comparing sequences. Typically, to determine amino acid homology, a
protein sequence is compared to a database of known protein sequences. Homologous
sequences share common functional identities somewhere along their sequences. A high

20  degree of similarity or identity is usually indicative of homology, although a Iow degree

of similarity or identity does not necessarily indicate lack of homology.

Several approaches can be used to compare amino acids from one sequence to
amino acids of another sequence to determine homology. Generally, the approaches fall
into two categories: (1) comparison of physical characteristics such as polarity, charge,

25 and Van der Waals volume, fo generate a similarity matrix; and (2) comparison of likely
substitution of an amino acid in a sequence by any other amino acid, which is based on
observation of many protein sequences from known homologous proteins and to generate

a Point Accepted Mutation Matrix (PAM).
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observation of many protein sequences from known honol ogous proteins and to
generate a Point Accepted Mutation Matrix (PAM. 29 The percentage of
identity nmay al so be cal cul ated by using the program needl e (EMBOSS
package) or stretcher (EMBOSS package) or the programalign X, as a nodule
of the vector NTI suite 9.0.0 software package, using the default paraneters
(for exanple, GAP penalty 5, GAP opening penalty 15, GAP extension penalty
6.6). 5 As used herein, the twenty conventional am no acids and their
abbreviations follow conventional usage. See | MMUNOLOGY--A SYNTHESI S, 2nd
Edition, (EE S. Golub and D. R Gen, Eds.), Sinauer Associates:

sunder | and, MA Theopercentage of idsntityoday e s wqygamdebseum@emgrmwe@ln pose.

St er eoi so Messt no aci ds;
unnat ur aI mﬁ%’%%g?“&“%ﬂ%% %érd(%' dSS E%k%%&?%%%ge Wac% 3%83 N-al kyl
am no aci dspodilaaf the x@cﬂodNTamdtecﬁ.m@soﬂmummhge; wirg thadefmdt m:amﬁcrmr al so be
sui tabl e conpone for tides i nt L on | es of
unconvent i &f ple g‘#‘ﬁP ﬁggﬁﬁgwmmff‘%@g%%ﬁﬁ?ﬁr e“gxgag}boxygl ut anat e,

N or mylmet hi onfRe R i FTE0 OB rtPb A an Ghe L SRIRERIGE ar gi ni no.
and ot her 6w ednvéitionsl @@gedssanmm\rom ACSUNTHESIS, 'Adm\aﬂioﬁxcﬁpsol ine). In
the polypeptide notation used herein, the |eft- hand di rectl on Is the am no

term nal  diGadud 399D dhdOrepcEds )y Rinases dsetatesc Pymderland, Mo 198 hripepmAnatedr ni nal
di rection, Heﬁlﬂsﬁﬁraafes%r%wugioe@d@mmma@(@g% GRTHECREsP &m%&%ﬁ' ly Y i

occurring resi dies may be divided into classes based on conmon si
pr opertl es coﬂ@nﬂ@ﬂﬂl‘gﬂiﬂ@p@dﬁ)mamdrdmmm stidlaas -, dAdispbshibued Maﬂq adidsy, He,

Phe, Pr 04 p : n u, Hs,
Lys, sold et s sees PBeft ackdged Rlber ocongfioal itgn schle may o bt i
hydr 0phobl Guitabl¥ aomﬂohalts E@Upolyf&buddercﬁ the Bﬁeﬁt}onnemzuqilemyﬂmmam@al Cys, Ser,
Thr, Asn, Gn; 6) acidjic; Asp, Qu; 7) basic: Hs, ,%N e%hyllysm

-i11 €, &-

amino acids include: 4-hydroxyproline, y-carboxyglutamate, &-N
N-acetyllysine, = O-phosphoserine, = N-acetylserine, = N-formylmethionine,  3-

methylhistidine, 5-hydroxylysine, c-N-methylarginine, and other similar amino acids and
15 imino acids (e.g., 4-hydroxyproline). In the polypeptide notation used herein, the lefi-

hand direction is the amino terminal direction and the right-hand direction is the

carboxyl-terminal direction, in accordance with standard usage and convention.

Naturally occurring residues may be divided into classes based on common side

chain properties:

20 ) hydrophobic: norleucine (Nor), Met, Ala, Val, Leu, Ile, Phe, Trp,
Tyr, Pro;

2) polar hydrophilic : Arg, Asn, Asp, Gin, Glu, His, Lys, Ser, Thr ;
3) aliphatic : Ala, Gly, Ile, Leu, Val, Pro;
4) aliphatic hydrophobic : Ala, Ile, Leu, Val, Pro;
25 5) neutral hydrophilic: Cys, Ser, Thr, Asn, Gin;
6) acidic: Asp, Glu;
7 basic: His, Lys, Arg;

8 residues that influence chain orientation: Gly, Pro;
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8) residues that influence chain orientation: Ay, Pro; 30 9) aromatic:
H's, Tip, Tyr, Phe; and 10) aromatic hydrophobic : Phe, Trp, Tyr.
Conservative am no acid substitutions may involve exchange of a nenber of
one of these classes with another menber of the same class. Conservative
amno acid 5 substitutions may enconpass non-naturally occurring amno acid
resi dues, which are typically incorporated by chem cal peptide synthesis
rat her than by synthesis in biological systens. These include
pepti dom netics and other reversed or inverted fornms of am no acid

noi eties. Non-conservative substitutions may involve the exchange of a
menber of one of 1Mt heswnmtias Blgs TippTymPlemiger fr om anot her cl ass. Such
substituted residues may be introduced into regions of the human anti body
that are honol ogous WPt h arepmatin hydmphobist: i BedlesTyror i nto t he non- honol ogous
regi ons of the nolecule. In nmaking such changes, according to certain
enbodi nent s, th@m@mMﬂMﬁmmm@aﬁﬁdﬁwwMQMEMMmhwdudQSMM@gobenwmh&kﬂeﬂed Each

am no acid assi.gne opat he basis. its
e -
val i ne (+4. sal)smduenmmay: eﬁdohp%hs ngEdhIR) a(EUuﬂ'ﬁl (aiﬁm%)amdcmﬁa@ds,n%ﬁus&e ne
(+2.5); nethi n| ne eq? ganl ne (+1.8) yci ne %]]ag threom ne
(-0.7); iyl Y- @cfgyorat rPheBFRaH emdg)swﬁw%ﬁth%r yHESIS e (- 1.6);
iU di e ycophll oo ThER mcleae@@udmem(@om%@mmm&a& forrks 3 5)
asparaglnea& ysine (-3.9); and arginine (-4.5 0 The inportance of
the hydrop hméloaﬁﬁmlﬁ@ﬁd index in conferring int eractl ve bi ol ogi cal
function on a protein is understood in the art (see, for exanple, Kyte et
all, 1982, J. New-comprptiveisghstiigiony gy invpive the exeleange phamemben ofione afii no aci ds
nay be gub L hed shayjag I qﬁﬁp hi ¢ i ndex
scor? aﬁ%&és;élia?%s rfél'?girg a si%gg(ﬁgt: gﬁsogl ggﬁm %@?%@yﬂl?m n% changes
bas ed upon mthdumlcﬁntmpugiohs: of ﬂttelm,mainmmibm@aihat &8 hembolygpwsewith not-fheman
substi tution,.of..am n

t hi E2 i
i ncl uded. aﬁh]%oé]?ef’aolr q%ﬁ‘%&'&?%%%?‘?gm{“ k&‘f’mé’ eggjwcte?u ﬁri \glre : Ecl ude:JIS and
i t ai t t.h t 0.5 |
under st god i 't REPAREE SHAPEPRE: %c“as@m&t&%ﬁr%ﬂ et el o8 be
of amino acids may be considered. Each amino acid has been assigned a hydropathic

15 index on the basis of its hydrophobicity and charge characteristics. They are: isoleucine
(+4.5); valine (+4.2); leucine (+3.8); phenylalanine (1+2.8); cysteine/cystine (+2.5);
methionine (+1.9); alanine (+1.8); glycine (-0.4); threonine (-0.7); serine (-0.8);
iryptophan (-0.9); tyrosine (-1.3); proline  (-1.6); histidine (-3.2); glutamate (-3.5);
glutamine (-3.5); aspartate (-3.5); asparagine (-3.5); lysine (-3.9); and arginine (-4.5).

20 The importance of the hydropathic amino acid index in conferring interactive
biological function on a protein is understood in the art (see, for example, Kyte et al.,
1982, J. Mol. Biol. 157:105-131). It is known that certain amino acids may be substituted
for other amino acids having a similar hydropathic index or score and still retain a similar
biological activity. In making changes based upon the hydropathic index, in certain

25  embodiments, the substitution of amino acids whose hydropathic indices 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.

It is also understood in the art that the substitution of like amino acids can be
made effectively on the basis of hydrophilicity, particularly where the biologically
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made effectively on the basis of hydrophilicity, particularly where the
biologically 31 functional protein or peptide thereby created is intended
for use in imunol ogical enbodi nents, as disclosed herein. In certain
enbodi ments, the greatest |ocal average hydrophilicity of a protein, as
governed by the hydrophilicity of its adjacent am no acids, correlates with
Its imunogenicity and antigenicity, i.e., with a biological property of the
5 protein. The follow ng hydrophilicity val ues have been assigned to these
amno acid residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0+ 1);
glutamate (+3.0 1); serine (-W3); asparagine (+0.2); glutamate (+0.2);

gl yci ne (O)functippa mpisin ot peptide therehty prsated (s dntended :for nsen im dmamnlegical hi st i di ne

(-0.5); cy ' -1, 0). LRI N ‘%e 3%ni I neal.- : ' 10
(-1.8); isoleucl nets’(gsg. 5315@@%24 ngl -‘-%1\.“3 ;boéﬁjleéﬁ% Elhl(ea%?agéest ldcglu%’pdgﬁd

t r ypt ophan Kyd@pHilicity of a preteinngs goemebby the bpdiophilivity f its hdjaceht/ahiing héidls, ci t y

val ues, in certain.enbodi nents.. th ubsti tutio f. .am no_aci ds ose
ydrophilic [ : [ nts,
g ophi | 1 GPREies MBS B R 9% bty v DioBPb BroRerg St

those that pgteinwi thin 1 are included, and in certain enbodiments, those
within 0.5 are included. One may also identify epitopes fromprimry am no
aci d 15 sequencahe Golldwifg hgdiophiliditynyaliied Haiv ibekrl Yssighb® 36 theg@iadinfo adi@ al so
referred to as "epitopic _core regqi " ary am no aci d substitutions

ions." Exenpl
are set forrespduc argiping (8.0); lysipe (e+330);eew%tep(e“ﬁ& shipBlntamats GAL =0 sarinel
Resi dues Ex(ﬁ_g’g. ' LWRSn r | | . Lea, Ile
Val A Lys, G nj’%sgﬁr?@gs(%gﬁtgle n Gggmﬁé%ﬁ%n%%&%ﬁésggg?&lp?l%grY-%I'SGi n Asn An
G n Asp Asp) @rynq:(rQ;S,); mstiding (50.5); cysteine (-1.0); methionine (-1.3); valine (-1.5); leucine
10 (-1.8); isoleucine (-1.8); tyrosine (-2.3); phenylalanine {-2.5) and tryptophan (~3.4). In

making changes based upon similar hydrophilicity values, in 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 epitopes from primary amino acid
15  sequences on the basis of hydrophilicity. These regions are also referred to as "epitopic

core regions."

Exemplary amino acid substitutions are set forth in Table 1.

Table 1
Amino Acid Substitutions
Original Residues Exemplary Substitutions Preferred Substitutions
Ala Val, Leu, fle Val
Arg Lys, Gln, Asn Lys
Asn Gln Gin
Asp Glo Glu
Cys Ser, Ala Ser
Gh Asn Asn
Gla Asp Asp
Gly Pro, Ala Ala
His Asn, Gln, Lys, Arg Arg
Len, Val, Met, Ala,
Tie Phe, Notleucine Leu
Norlencine, Ile, Val, Met,
Leu Als, Phe Tle
Arg, 1,4 Diamino-butyric
Lys Acid, Gln, Asn Arg
Met Leu, Phe, Tle Leu
Phe Leu, Val, lle, Ala, Tyr Leu
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Hs Asn, Gn, L Ar Leu, Val, Met, Al a, |Ile Phe, Noleeucine Len Norleucine,
Ile, Val, Met, Leu Ala, Pbe Ile Lys Argl,4 D amno-butyric Arg Acid, dn,
Asn Met Len, Phe, Ile Len Leu The Lea j, Ile, Ala, Tyr 32 Oiginal

Resi dues Exenpl ary Substitutions Preferred Substitutions Pro Ala Gl Ser
Thr, Ala Thr Tbr Ser Ser T Tyr, Tyr, T , Phe, Thr, Ser Phe Val Ite, Met,
Leu, Phe, Ala, LM Norleucine A skilled artisan will be able to determ ne
suitabl e variants of the pol ypeptide as set forth herein using well-known
techniques. In certain enbodi nents, one skilled in the art may identify
suitable areas of the nolecule that nmay be changed w thout destroying 5
activity by tar geuiimayReslgesons| noixetadiry Supettiutions be| iPngfarred Suitstitidoms gct i vity. In
ot her enbodi nENTS, phe Skt ed—agg T sam carmr T denmtfy Tgs dues and portions of
t he nol ecul es| That Serar € conservmwm-m—yﬁ%ﬁéﬁn further
enbodi ments, leven ameas that jnaySer be | nportant Tpr DI Geogi cal activity or
for structurel_may Be subject_jto ToBservative amno adwd substi tjutions

wi t hout dest rpyi ' ' ) S wi | hout Phdversel y jaffecting
10 the pol ypepti devgt ruct ure.| Ad¥iMitdamFliealaone skillggd, in the ﬂrt can

revi ew struct ' ' 1 i ' ' Lm Llar

pol ypeptides that are inportant for activity or structure. In

A skilled artisan will be able to determine suitable variants of the polypeptide as
set forth herein using well-known techniques. In certain embodiments, one skilled in the
art may identify suitable areas of the molecule that may be changed without destroying

5 activity by targeting regions not believed to be important for activity. In other
embodiments, the skilled artisan can identify residues and portions of the molecules that
are conserved among similar polypeptides. In further embodiments, even areas that may
be important for biological activity or for structure may be subject to conservative amino
acid substitutions without destroying the biological activity or without adversely affecting

10 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. In
view of such a comparison, the skilled artisan can predict the importance of amino acid
residues in a protein that correspond to amino acid residues important for activity or

15  structure in similar proteins. One skilled in the art may opt for chemically similar amino

acid substitutions for such predicted important amino acid residues.

One skilled in the art can also analyze the three-dimensional structure and amino
acid sequence in relation to that structure in similar polypeptides. In view of such
information, one skilled in the art may predict the alignment of amino acid residues of an

20 antibody with respect to its three dimensional structure. In certain embodiments, one
siilled in the art may choose to not make radical changes to amino acid residues
predicted to be on the surface of the protein, since such residues may be involved in
important interactions with other molecules. Moreover, one skilled in the art may
generate test variants containing a single amino acid substitution at each desired amino

25  acid residue. The variants can then be screened using activity assays known to those
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view of such a conparison, the skilled artisan can predict the inportance of
amno acid residues in a protein that correspond to am no acid residues
i mportant for activity or 15 structure in simlar proteins. One skilled in
the art may opt for chemcally simlar amno acid substitutions for such
predicted inportant am no acid residues. One skilled in the art can al so
anal yze the three-di nensional structure and am no acid sequence in relation
to that structure in simlar polypeptides. In view of such infornmation, one
skilled in the art nmay predict the alignnment of ami no acid residues of an 20
anti body with respect to its three dinensional structure. In certain
enbodi ment skillaghin thslart | Such wariahts canld braysed o @sther inforotatiom lebout aditabd  changes
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those 33 sigelilnefls, dhelshifledid me%%?%éﬁﬂét&nﬁﬁ&lﬂﬁ abfind G Wikr& AkiRer
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i nformati on _about suitable  variants. )r exanple, if one discovered that a
change to &Wstitutions shoild beavqided either alens oriya combination avith atheg exationfed
undesi rably reduced, or unsuitable activity, variants with such a change

can be avoi ded.AIHmehof sgispiific pRblicatipns hayebemdevotnd tpathsepredictianopf such
routine 5 ' o] 4l | d r b Ly, rpime the
am no aci dgéjg\/\ﬁer:e ilfra}tr?]er%ge su ustf ??quf i@gh};@ h?)’fjfgﬁ%g %@gél Iégdqg{oﬁhégraﬂ’al one or
i n conbi natlPBh Biichémisih23:222:+248%; iChaw ef @, 187h diocsemistzy dhd:215-222 (hbw eaat | ons

have been dev d, 1 o.1h Ledi CLi fo. VY Struct See, Moul t
1996, il e A e ek Rek i e ol SEASIRG RV, OB, iR

13: 222- 245 Bidchan £1:251F276; Wad AChddi excigni9gd) Bicphd. J1 R63B2-384hoMorbvet0 at ,
1978, Adv. Enzynol. Relat. Areas |, Biol. 47:45-148; Chqu et al., 1979,
Ann. Rev. CBIYLFHJNPETE?S 38 LATHEY ”é’%r/ﬁ“b%ﬂw‘&fs%%t v4th predigfing segqndany, structyre.

26: 367- 384 OnyelRM T, prediciR $end Yy AGEGRES iPbARed WpdnSiinolog)Vibdefilg. PO assi st
wth predicti ng secondary structure, One nethod_ of predicting secondary

structure i & n IPPOAT SERFCID RN Hargya seapence identiss|of preatfp thER BY%ept i des or
proteing t '&?&imhﬁ%g aRE (AR U6% oRLf Rive ki Rf sticRAh ﬁfpo‘d{%ﬁ:@._ P hecehPgBfisi Ml arity
greater than 40% 0ften have simlar_structural topologies. The recent growh
of the probéithe proteint srughural adeitbasse (RIBhash provisied vendanred rpredietability of
predi ct abi Lt Xq.0f 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. It has been
suggested (Brenner ef al., 1997, Curr. Op. Struct. Biol. 7:369-376) that there are a limited
20  number of folds in a given polypeptide or protein and that once a critical number of

structures have been resolved, structural prediction will become dramatically more

accurate.

Additional methods of predicting secondary structure include "threading” (Jones,

1997, Curr. Opin. Struct. Biol. 7:377-87; Sippl et al., 1996, Structure 4:15-19), "profile

25  analysis” (Bowie et al,, 1991, Science 253:164-170; Gribskov et al., 1990, Meth, Enzym.

183:146-159; Gribskov et al, 1987, Proc. Nat. Acad. Sci. 84:4355-4358), and
"evolutionary linkage" (See Holm, 1999, supra; and Brenner, 1997, supra).

In certain embodiments, antibody variants include glycosylation variants wherein
the number and/or type of glycosylation site has been altered compared to the amino acid
30  sequences of the parent polypeptide. In certain embodiments, protein variants comprise a
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secondary structure, including the potential nunber of folds within a

pol ypeptide's or protein's structure. See Rohn et all, 1999, Nucl. Acid.
Res. 27:244-247. 1t has been suggested (Brenner et at, 1997, Curr. QOp.
Struct. Biol. 7:369-376) that there are a |imted 20 nunber of folds in a

gi ven pol ypeptide or protein and that once a critical nunber of structures
have been resolved, structural prediction will becone dranatically nore
accurate. Additional nethods of predicting secondary structure include

"t hreadi ng" (Jones, 1997, Curr. Opin. Struct. Biol. 7:377-87; Sippl et at,
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exi sting N car ohydrat e chain. fovided is a re rangenent of
N-1inkéé cantitedy damands mhladclsystmvm wariants rrehepgin on@nemd cyslead: xgklgtmgyd ation
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gener al 15y 1ad dymcaliihavs, an svene nyrakar Jo duminkiz inferctipng Teswlting dtoay wopairel and
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In additional embodiments, antibody vatiants can include antibodies comprising a
modified Fc fragment or 2 modified heavy chain constant region. An Fc fragment, which
stands for “fragment that crystallizes,” or a heavy chain constant region can be modified

20 by mutation to confer on an antibody altered binding characteristics. See, for example,
Burton and Woof, 1992, Advances in Immunology 51: 1-84; Ravetch and Bolland, 2001,
Annu. Rev, Immunol. 19: 275-90; Shields et al., 2001, Journal of Biol. Chem 276: 6591-
6604; Telleman and Junghans, 2000, fmmunology 100: 245-251; Medesan et al., 1998,
Eur. J. Immunol. 28: 2092-2100; all of which are incorporated herein by reference).

25  Such mutations can include substitutions, additions, deletions, or any combination
thereof, and are typically produced by site-directed mutagenesis using one or more
mutagenic oligonucleotide(s) according to methods described herein, as well as according
to methods known in the art (see, for example, Sambrook et al., MOLECULAR
CLONING: A LABORATORY MANUAL, 3rd Ed., 2001, Cold Spring Harbor, N.Y. and

30  Berger and Kimmel, METHODS IN ENZYMOLOGY, Volume 152, Guide to Molecular
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cysteines. In additional enbodi nents, antibody variants can include
anti bodies conprising a nodified Fe fragnent or a nodified heavy chain
constant region. An Fc fragnment, which stands for "fragnent that
crystallizes,” or a heavy chain constant region can be nodified 20 by
mutation to confer on an antibody altered binding characteristics. See, for
exanpl e, Burton and Wof, 1992, Advances in |Imunol ogy 51. 1-84; Ravetch
and Rol |l and, 2001, Annu. Rev. Inmunol. 19: 275-90; Shields et at, 2001,
Journal of Biol. Chem 276: 6591- 6604; Tell eman and Junghans, 2000,
| munol ogy 100: 245-251; Medesan et at, 1998, Eur. J. Imunol. 28:
2092-2100; Gbhingf Techhighesar 987,nderroriat Busshelne nSany Diggoe r@hg eyhick SarSuch
mut ati ons Wale . | | ons, additions, deletions, or an
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structural characteristics of the parent sequence (e.g., a replacenent

ami no aci d skHefuredhst gharacimiges the pasprd sequsnasd | Examples of ert-tagegnized polypenside ent
seguenc ' ; t cterizes
quencg %ﬂu&géﬁgg @&Elgﬁfn%@m £ SLEBR0R! yROS’EB%ﬁC, ym&f@ﬁgssw

t he parent seque es of art-recogni ze pepti de
MOLECULAR PRINCIPLES, (Creighton, Ed.), 1984, W. H. Freeman and Company,
New York; INTRODUCTION TO PROTEIN STRUCTURE (C. Branden and J. Tooze,
eds.), 1991, Garland Publishing, New York, N.Y.; and Thomton ef al., 1991, Nature

354:105, each of which are incorporated herein by reference.

-

20 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 Fauchere,
1986, Adv. Drug Res. 15:29; Veber & Freidinger, 1985, TINS p.392; and Evans et al,.
1987, J. Med. Chem. 30:1229, which are incorporated herein by reference for any

25  purpose. Such compounds are often developed with the aid of computerized molecular
modeling. Peptide mimetics that are structurally similar to therapeutically useful peptides
may be used to produce a similar therapeutic or prophylactic effect. Generally,
peptidomimeﬁcs are structurally similar to a paradigm polypeptide (i.e., a polypeptide
that has a biochemical property or pharmacological activity), such as human antibody,

30  but have one or more peptide linkages optionally replaced by a linkage selected from: -
CH-NH-, -CH;-8-, -CH;-CH;~, -CH=CH-{cis and frans), -COCHz-, -CH(OH)CH;-, and

36



15 secondary and tertiary structures are described in PROTEINS, STRUCTURES
AND MOLECULAR PRI NCI PLES, (Creighton, Ed.), 1984, W H. Freeman and
Conmpany, New York; | NTRODUCTI ON TO PROTEI N STRUCTURE (C. Branden and J.
Tooze, eds.), 1991, Garland Publishing, New York, N.Y.; and Thornton et at,
1991, Nature 354:105, each of which are incorporated herein by reference.
20 Peptide anal ogs are conmmonly used in the pharmaceutical industry as

non- peptide drugs with properties anal ogous to those of the tenplate

pepti de. These types of non- peptide conpound are terned "peptide mmetics"
or "peptldom metics". See Fauchere, 1986, Adv. Drug Res. 15:29; Veber &
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and 36 -CH2SO-, hods™ wel | i n the art.” Systematic substltutlon
of one or r@@gﬁ#ﬂmﬁe%ﬂdﬁuﬁdeéﬂé@ﬁg@ﬁb%c@eﬁwmﬁmth a D-anino acid of
the sane type (e DIyS|ne in place of [-lysine) may be used in certain
enbodi nents to ghogy'e onmdibedys peptide(p)é referl &% an |intagtcrtitibodyn or @obisdingi ned

pepti defy COIRLER fbedt HANS é@éwﬁ%%@ﬂﬁ&aﬂﬁ"h@y&gﬁ%ﬁﬁ@yﬂ%lﬁn'cg’?ﬂﬁ'cal

consensus sequence variatio e generate I'n the art
(R zo & G embsdimentsobmdingrimgnRets arBpwdherh b%nec@aﬁipantmﬁwlwcmds héu e| n by

st dues. cAuRiPR sPRCERRR, vt SRR pE onBREH By AEBHR R IR ey 2

t he pepti deleavaetaflhetabt antitodiean (Bitathey fripmenisdadiade, butedfre hott limitsd tan(als)t

anti body, Q fr rrent t ereof that conpetes with the intact
ant i body fﬁ‘f(a@pE@PgFE‘QBP PH& n  enmbodi nents, b| nd| ng fragments

ate produced by, feconbi, ant L echni ques L o di.nment s,
bi ndi nglqu ragrrenfrée aIF%“ p &Y % H‘E%ﬁ’ﬁ de’ru“‘&ag]?‘Hll’EaP" ypepti fide ?m
sufficient variable region sequence to confer specificity for NGF. The term “light cham

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, Cyl, Cy2, and Cy3. The Vg domain is at the
20  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
thereof. A full-length light chain includes a variable region domain, Vy, and a constant
region domain, Cy. Like the heavy chain, the variable region domain of the light chain is
at the amino-terminus of the polypeptide. The term “light chain”, as used herein,
25 encompasses a full-length light chain and fragments thereof. A F(ab) fragment is
comprised of one light chain and the Cyl and variable regions of one heavy chain. The
heavy chain of a F(ab) molecule cannot form a disulfide bond with another heavy chain
molecule. A F(ab’) fragment contains one light chain and one heavy chain that contains
more of the constant region, between the Cyl and Cy2 domains, such that an interchain
30  disulfide bond can be formed between two heavy chains to form a F(ab’); molecule. The
Fv region comprises the variable regions from both the heavy and light chains, but lacks
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cl eavage of intact antibodies. Binding fragnents include, but are not
limted to, F(ab), F(ab'), F(ab')2, Fv, and single-chain antibodies. 15 The
term "heavy chain” includes any i mrunogl obulin polypeptide having

sufficient variable region sequence to confer specificity for NG-. The term
"l'ight chain" includes any inmmunogl obulin pol ypeptide having sufficient

vari abl e region sequence to confer specificity for NG-. A full-length heavy
chain includes a variable region domain, VH4 and three constant region
domai ns, CHl, CH2, and CH3. The VH domain is at the 20 ami no-term nus of the
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anti gen bi ndi. regi on, Single ai n.antj bodi e re, . di SCUSS i etail in
| nt er nat i onaélpg%gtr G%AB"BIQH@%W 8ﬁﬂ%1§|bloﬂﬁd[ F’o‘ﬁceﬂ%’? té@f‘(f%@ﬁbﬁ)a/ﬁ(f%o% U. S.

Pat ent Nos. 604, %0%, 858, aneors,(26Meadhdd, ifsebilion heig a@ il viHo dymptifies binbiap a

"mul tispecific” or "multifunctional"” antibody, in certain enbodinents, is
under st ood B%Yeonpri se binding sites having identical antigenic
specificity. In_assessing antihody binding and specificity_according to the

i nvention, an BY Bettalzag aughedy ois mneany ap antibodymalecylefbatiinibigo blodkiogand to a
recept of s Wngsaitiafy G8SRe Ofn effector function of a target antigen to which it binds.

Accordingly, a “neutralizing” anti-NGF antibody is capable of blocking or 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

20  at least about 80%, still more preferably at least about 85%, most preferably at least about
90% reduction of an effector function of the target antigen (e.g., human NGF).

The term "epitope” includes any determinant, preferably a polypeptide
determinant, capable of specific binding to an immunoglobulin or T-cell receptor. In
certain embodiments, epitope determinants include chemically active surface groupings

25  of molecules such as amino acids, sugar side chains, phosphoryl groups, or sulfonyl
groups, and, in certain embodiments, may bave specific three-dimensional structural
characteristics, and/or specific charge characteristics. An epitope is a region of an
antigen that is bound by an antibody. In certain embodiments, an antibody is said to
specifically bind an antigen when it preferentially recognizes its target antigen in a

30 complex mixtare of proteins and/or macromolecules. In preferred embodiments, an
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anti body reduces the quantity of ligand bound to receptor by at |east about
20% 40% 60% 80% 85% or nore (as neasured, Inter alia, using an in
vitro conpetitive binding assay). By "neutralizing antibody"” is neant an
anti body nolecule that is able to block or 15 substantially reduce an
effector function of a target antigen to which it binds. Accordingly, a
"neutralizing" anti-NGF anti body is capabl e of blocking or substantially
reduci ng an effector function, such as receptor binding and/or elicitation
of a cellular response, of NG-. "Substantially reduce"” is intended to nean

at | eastabout 60% _preferably at |east about 70% nore preferably at |east
about 75% awtihedy issrid ipsperiSicall bindm antigineushen therquilibgwn dissedigtion vonstanpr ef er abl y

at least a RANL . 2 o5 ke L on of an
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gr oups, gor %?u}%\‘ooﬁwlbo&iﬁ? SpEM™ Y ,nﬁaﬂo{:é'rcf‘%ﬁnx "é’ﬁﬁ FRIOPSS g ﬁé’(‘i’épspeci fic
t hr ee- di mreRdddiyaded 3hd tipidthathodsEhpddeinaiinswhatier (06 ehitibodied Bind ftd septiar ge
characteristics. An epitope is a region of an agjtg{agen that. i s _bound by an
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constant is 5104 : 40 ' . | alil epltppe" as a

reference anti bgﬁg%\h%n@ggt]‘ﬁgggﬁghgﬁ?%%%?gg%@%o%#@%@%ﬁﬁ%%&or

st eri cal | y chengicdl pmpounde,ps biopgical Hagomokstule, wir gl extrast eokdarfcbm djpplagicabt hods f or
determnin gh%tsher two antibodies bind to identical or sterically

over | appi ngn“fﬂ opes are conpetition assays, which can be configured in all

nunber of different r mat si ngmel isher . abel,ed.anti gen _or .| abel ed

Tt ibody.  Usual £ Used Pt cdhe, SRRSOl 1SRt GRred i BEPrafaoR 35 L e

abi i tyj50f desettable hatker pig, hgdh&@Bpdrationlof @ kadiolabeled 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.
20  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, “C, ¥N, ¥s, %y, ™1, Min, 2, 1), fluorescent labels (e.g., fluorescein
isothiocyanate or FITC, rhodamine, or lanthanide phosphors), enzymatic labels {e.g.,
25 horseradish  peroxidase, p-galactosidase, luciferase, alkaline phosphatase),
chemiluminescent Iabels, hapten labels such as biotinyl groups, and predetermined
polypeptide epitopes recognized by a secondary reporter (e.g., leucine zipper pair
sequences, binding sites for secondary antibodies, metal binding domains, or epitope
tags). In certain embodiments, labels are attached by spacer arms (such as (CHz),, where
30  =n<about 20) of various lengths to reduce potential steric hindrance.
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10 the binding of |abeled antibodies is neasured using radi oactive or enzyne
| abel s. The term "agent"” is used herein to denote a chem cal conpound, a

m xture of chem cal conpounds, a biol ogi cal macronol ecule, or an extract
made from biological nmaterials. As used herein, the terns "label"™ or

"l abel ed" refers to incorporation of a 15 detectable marker, e.g., by

I ncorporation of a radiol abeled amno acid or attachnment to a pol ypeptide
of biotin noieties that can be detected by | abeled avidin (e.g.,
streptavidin preferably conprising a detectable nmarker such as a
fluorescent marker, a chem | um nescent marker or an enzynmatic activity that

can be det ect edThs/teop( bielogical sampls!’ o1singed herein,ringledsgdut is aot dimited tom any

abel i no. poPasre! faBuaiA R, S2viE dnELP ARk iviad kAl | QU8 FRLRRE O 1
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pol ypeptid I ncl.ude, . b re not .li.mted tq, the follow ng: radioi sotopes
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{ 3{) gial aCL osi daSF‘heb kefuﬁi ‘fpﬂﬁr&ﬁh eeutiaéllq@bxhtnlﬁ ﬁh@swmsﬁead in réf&e%laumeﬂﬁad cent

abel s, hapten el s such as bj ot . grqups, .and predetern ne
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zi pper pai%dmﬁﬂﬂﬁﬁﬁ%ﬁ%gyﬁkﬂgiﬁﬂwsé&ﬁéﬁ&@“ﬁﬁﬁﬁﬁﬁQ@ﬁﬁyﬁﬂﬁk@ﬂﬂ&ﬁémnmﬁﬁaJ

bi ndi ng donmmi ns, or epitope tags). In certain enbodinents, |abels are
attached byefeisacedp 2 pharmacaitied) compgsitiqn)comprigies ene 030 phirality pbilie atibpdies vari ous

| engt hspt O ' terl i, e o) Lca
sanpleﬁP a§E§§e§ Hgggﬁﬁ%&?%% u é%%mgﬁt |sgﬁﬁ?eﬁ?ﬁ??@ﬁ£k%ﬁ&gﬁ§ﬂhgggﬁtity of a
subst ance fphanmageuticalicogpasitiongvhich i oxpablelo§ abalishing) int thie patienSoarisidered;ithg t hi ngs

i nclude, b are.ngt |imt s, ,nj.ce,. nkevs t.s, rabbits, and
ot her ani rréite %r.easeéfbgﬁ S%%%‘?&&‘&%@“@%Eﬂ%@ E’fmﬂér nanaofeﬁr? r?? ?}3%1 *‘?“8“,% ood,
serum uri nereshokl tb 4 level @aipasableits thashservéd i hestthy bsbjetsrar r ow, | ynph nodes, and
skin. The term "pharnmaceutical agent or drug" as used herein refers to a

chemical  conpownidisordet OB pEEtdndtidon dep alohld behefit MdbdCirdagnent dawtdiggitotther apeut i ¢
effect when properly adm.nistered to a patient. The expression
" phar reldeutPREEH| PvefiRct TR G oqagtioR” arused nterchangeably erem and

include chronic and acute NGF-mediated disorders or NGF-mediated diseases, including

those pathological conditions which predispose the mammal to the disorder in question.

The terms “NGF-mediated disease” and “NGF-mediated condition” encompass

any medical condition or disorder associated with increased levels of NGF or increased

20  sensitivity to NGF including, but not limited to, acute pain, dental pain, pain from
trawma, surgical pain, pain resulting from amputation or abscess, causalgia,
demyelinating diseases, trigeminal neuralgia, cancer, chronic aicoholism, stroke, thalamic

pain syndrome, diabetes, acquired immune deficiency syndrome ("AIDS"), toxins and
chemotherapy, general headache, migraine, cluster headache, mixed-vascular and non-

25 vascular syndromes, tension headache, general inflammation, arthritis, rheumatic
diseases, lupus, osteoarthritis, inflammatory bowel disorders, irritable bowel syndrome,
inflammatory eye disorders, inflammatory or unstable bladder disorders, psoriasis, skin
complaints with inflammatory components, sunburn, carditis, dermatitis, myositis,
neuritis, collagen vascular diseases, chronic inflammatory conditions, inflammatory pain

30 and associated hyperalgesia and allodynia, neuropathic pain and associated hyperalgesia
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reference to a pharmaceutical conposition conprising one or a plurality of
the anti bodies 10 of the invention is understood to nean, according to the

i nvention, an anount of the said pharmaceutical conposition which is
capabl e of abolishing, in the patient considered, the decrease in the
sensitivity threshold to external stimuli with a return of this sensitivity
threshold to a | evel conparable to that observed in healthy subjects. A

"di sorder" is any condition that would benefit fromtreatnent according to
the 15 present invention. "Disorder” and "condition" are used

I nt erchangeably herein and include chronic and acute NG--nmedi ated di sorders
or NGF- nedizad @myeais@ﬁhc ingerppadich gaing prvsasina symnatgtestly meip@ined maim, whi ch

pr edi spose &lélﬁﬂ t Qe 192 di at ed
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di sorder as%'sn]dmﬂuthrbuntm af mspeels:ermlitﬁaﬁebmmbryl,\l@mounmm rgeamanbstxm or
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m graine, Gkt pinchemiaediByis ceh;@d-vascul ar and non 25 vascul ar syndrones,
t ensi on headacﬁe general inflammation, arthritis, rheumatic di seases,

l'upus, osteoart Bgijdes, hei’diﬁ,'iﬁé""@(hﬁr%m| arflouOT Qﬁ}f SthelapéuticalR}] SFQGYVE

syndrone, infl amrat ory eye disorders, inflammtory or unstable bI adder

di sorders, agwsey awhen usedi with sefersnes f & vehicle- | oif ¢ dhrraseujictlovpsanssitios |
SHNbuUr Mo Cpfdblidids oftl T AP BENGE himan ARG doftrs £30'A3AEH of BSGHL A7

di seases, chronic’ infllanmatory conditions, anmat ory pain
associ at ed snifipentiogmeduwe andesaed mei;lhﬁla.,, wlnemrﬁ)pﬂiehpy: vthi ﬁhc arddcl&smitiat ed

hyperalge5|a 4 d allo h
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epi theli al rbdlﬁﬁmndﬁﬂlmmﬁm atly/6f pant; foreRamplEY (1S supporiah euservdblsﬂwréhaaces of

vi sceral mt i%i t t respi ratoryhél gen tour,l, nar¥ st i nt estﬁqﬂﬁ

vascul ar réBi'dn nPRe, of grare bigl j gotrgifips, of IN(ak e SPEtRY s, 2 VI tiligo,
gener al 15 gﬁé&;reaﬁdm?sw&abe S 88 San @bt Sf @as&ﬁluﬁm&cm ih@fhan duodenal
ul cers, vasonptor or _allergic rhinitis, ,or bronchial disaorders,

dysmenor r hoabbody(ies) spipignt f@d@ﬂ?%é%%‘ﬁ%’&g’é’é‘l’ of tisng, gne opmarerofAbg glmicallynd

vi sceral gi gefined pathological processes associated with the condition at issue, e.g., inflammation

or pain, in a subject treated in vive with the agent. In the present invention, an “effective
amount” of an anti-NGF antibody may prevent, stop, control, or reduce the perception of
20 pain associated with any painfiul medical condition. In the methods of the present
invention, the term “control” and grammatical variants thereof, are used to refer to the
prevention, partial or complete inhibition, reduction, delay or slowing down of an
unwanted event, €.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
25  variety of factors and conditions related to the subject to be treated and the severity of the
disorder. For example, if the vehicle- or anti-human NGF human antibody(ies) is to be
administered in vivo, factors such as the age, weight and health of the patient as well as
dose response curves and toxicity data obtained in preclinical animal work would be
among those considered. If the agent is to be contacted with the cells in vitro, one would
30 also design a variety of pre-clinical in vitro studies to assess such parameters as uptake,

half-life, dose, toxicity, etc. The determination of an effective amount or a
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As used herein, the terns "effective anobunt” and "therapeutically effective
anount” when used with reference to a vehicle- or a pharmaceuti cal
conposition 10 conprising one or nore anti-human NG- hunman anti body refers
to an anount or dosage sufficient to produce a desired result (i.e., where
for therapy with the vehicle- or anti- human NGF human anti bodi es of the
present invention the desired result is the desired reduction in

i nfl ammati on and/or pain, for exanple) or to support an observabl e decrease
in the | evel of one or nore biological activities of NG. Mre specifically,
a 15 therapeutical |y effective anmount is an amount of the anti-human NG-
human ant itheseppetically effgetivecanegynt fo5 § gikemhpgent fsowell Srthin, thej ability fof thase, one or
nmore of the;flh Mtiédty defined pathol ogical processes associated with the
condition at 1ssue, e.g., inflammation or pain, in a subject treated in
viva with the a £+.h e I i » 4 j t" of an
anti-NGF anti bogtg%n%dy#%?é’vgﬁ%ﬁ%t g%)fvb%gﬁﬁ g‘lﬁ?bro?&} eﬁ?ﬁ%ﬁ@ﬁ%@%% on of 20
pai n associmaneligh species pf pativefsequeneedNGhI indeding recombinant himen MEFH6tR20, of t he

present . i i I "control” and grammatical variants thereof, are
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del ay or slow ng.d N« d ent, « Lepai N .Jdhe effective
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of pre-clinical in vitro studies to assess suc arameters as uptake,

hal f-1ife, thensebout 8Q%cBf%p, SBYec I5%her 4 cafmlihmpsromolsr spasiesfiresenti inetharount or
a A ther i.eal | fe{.t%ﬁc : UR d j . ,thin the
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The term “patient” includes human and animal subjects.

“Treatment™ or “treat” refers to both therapeutic treatment and prophylactic or

preventative measures. Those in need of treatment include those already with the

20  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.

According to certain embodiments of the invention, antibodies directed to NGF
25 may be used to treat neuropathic and inflammatory pain and NGF-mediated diseases,
including but not limited to, those mentioned above.

In one aspect of the invention are provided fully human monoclonal antibodies
raised against and having biological and immunological specificity for binding to human

NGF. In another aspect the invention provides nucleic acids comprising nucleotide
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As used herein, "substantially pure" or "substantially purified" neans a
conpound or species that is the predom nant species present (i.e., on a
nolar basis it is nore abundant than any other individual species in the
conposition). In certain enbodinents, a substantially purified fraction is
a conposition wherein the species 10 conprises at |east about 50 percent (on
a nol ar basis) of all macronol ecul ar species present. In certain

enbodi ments, a substantially pure conposition will conprise nore than about
80% 85% 90% 95% or 99% of all macronol ar species present in the
conposition. In certain enbodi nents, the species is purified to essenti al
honmpgenei tysequemwemﬂwsrﬂrmm@@rl@sq@amdm beavp ané dightgchiain ithmunpgiobulin t i on by

convention c t he

essenti al | )?&O%EEE }] F\g&r%&%%ﬁ}ﬁ ecul ar O%Sd% c?begﬁé)%%ler ng"’%gtrtﬁée‘%ﬂ? i ncl udes
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used to treat neuropathic and i nf | ammat ory pain and NG~ nedi at ed di seases,
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i nvention are sequences orres pondi ng
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15  utilization of such technology for substitution of mouse loci with their human equivalents

= )
=t

T

provides unique insights into the expression and regulation of human gene products
during development, 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

20  mouse humoral immune system. Introduction of human immunoglobulin (Ig) loci into

mice in which the endogenous Ig genes have been inactivated offers the 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).

25 The term “human antibody” includes antibodies having variable and constant
regions substantially corresponding to human germline immunoglobulin sequences. 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 cerfain

30  embodiments, human antibodies are produced recombinantly.
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i nvention provides hybridoma cells and cell lines that express the

i munogl obulin nol ecul es and anti bodi es, preferably nonocl onal anti bodi es
of the invention. The invention also provides biologically and

i mmunol ogically purified preparations of antibodies, preferably nonocl onal
anti bodi es rai sed agai nst and havi ng biol ogical and 10 i munol ogi cal
specificity for binding to human NG-. The ability to clone and reconstruct
nmegabase-si zed human loci in yeast artificial chronmosones (' PACs) and to

i ntroduce theminto the nouse germine provides an advantageous approach to
el ucidating the functional conponents of very large or crudely mapped | oci
as wel | as geneThe fermy “cesembinantd teteferake Mm&nﬂbotbe?a@@deslfﬂmhbmsnbﬂem the 15
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progr amred 6291955} BN aiibddies pREAEY, Ere@s@&'éi‘%'éﬁ& @@iaﬁé@'bﬁr an§Sndalifbifat rOl € i N
B-cel | devel opnment. Furthernopre, such a strategy providés a source for

pr oduct i on o ﬁnspl;mmfd?mmuaﬁelp Wit gepo sgauences mpether EHAmewmsm "human
anti body™ i 'il &l WAGRbRAR: eaﬁu ésrlﬁvé/ %ﬁﬁ?& &@Mstﬁﬂnﬁ%gfgﬂ%

substantially correspondi ng uman gerniine I nmunog I'n sequences I n
cert ai ﬂOenthemmarmbpemumoglahuhmqueasesare produced i n non- human manmal s,
including, but not limted to, rodents, such as mce and rats, and

| agonor phs, sucHumsn antﬂinﬁiasha\remt least thaa'emdeum:li nmmn—hhmammchnhtmbndi es are

produced in E&/ ﬁ%u nan certain 30 enbodi nents, hunman anti bodi es
are pr oducél ﬁ%’ﬁ‘ ﬁ'gmﬂﬂe term "reconbi nant” in ref er ence to an

ant i body i nclud an S..Lhat. ar a ssed ted or

i sol ated by recmlcﬁ%sﬁt err%&z;er?tsm ﬁ?eogeth{)%lﬁg e gxarrpF’e‘s% a4y 1nfe Fgeé‘ﬁfl bodi es

expressed uﬁmngeameepmomhmmmﬁmm@mwﬁc(@, desass fheabrget d¢efls anoze  host

e o I3 SRy b5 bRbie et et SRS U o ol Rhach e ™ | PO
cytotoxicity (ADCC));

‘(

2) the human immune system should not recognize the human antibody as
foreign, and, therefore the antibody response against such an injected antibody should be
less than against a totally foreign non-human antibody or a partially foreign chimeric

20  antibody;

3) injected non-human antibodies have been reported to have a half-life in the
human circulation much shorter than the half-life of human antibodies. Injected human
antibodies will have a half-life essentially identical to naturally occumring human

antibodies, allowing smaller and less frequent doses to be given.

25 Thus, fully human antibodies are expected to minimize the immunogenic and
allergic responses intrinsic to mouse or mouse-derivatized MAbs, and to thereby increase
the efficacy and safety of the administered antibodies. Fully human antibodies of the
invention, therefore, can be used in the treatment of chronic and recurring pain, the
treatment thereof requiring repeated antibody adminisiration. Thus, one particular

30 advantage of the anti-NGF antibodies of the invention is that the antibodies are fully
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5 antibodies isolated froman aninmal (e.g., a nouse) that is transgenic for
human 1 mmunogl obul in genes (see e.g., Taylor, L.D., et at., Nucl. Acids
Res. 20:6287- 6295,(1992); or antibodies prepared, expressed, created or

i sol ated by any neans that involves splicing of human i mmunogl obulin gene
sequences to ot her DNA sequences. Such reconbi nant human anti bodi es have
vari abl e and constant regions derived from 10 human gernline i mmunogl obulin
sequences. Human anti bodi es have at | east three advantages over non-human
and chinmeric antibodies for use in human therapy: 1) because the effector
portion of the antibody is human, it may interact better wth the other
parts of t Hhempy sk cirnhe adminjsteredhiq patignts in@snaneaeutetypanngy yhile eaitinszingre 15

ef fici ent | yshyCOPd Wﬁ%ﬁtﬁ%ﬁt thd] hati- ) artbo il LPBAY: dependent
cellular cytotoxicity ; e human 1 nmune sy%%en1s oul"d "not
recogni ze tpheyxiuslydesceihed dpoefliypbumanontibaies fmnchonthiverse spacies.t he ant i body
response agai nst such an injected anti body should be |ess than against a
total |y forei gnOneskiledrem therrt tapdgngineerampase tsiraiind deficent i mopkd astibody 20

anti body; 3)_4niected, non. huma t i.bodi es, have, been reported to have a

oo 1P oA R R bR of e iR € hosF Y Rt il ER AR ks ot “human
ant i bodi es .antittidizg irethe Absence ofandus® mstibediesM IdrgdBuntandg FAkhelts iy prsand i al |y
identical to 1natura.l I% occurri,n%Shu n, anti bodi es, allow ng smaller and

| ess frequdlflatesyasehic,eqe diyepsity as 3l pp the pronst repulatiomnt aptbedyotr@istion o

expect ed t Qnd'exPrébkion. B@%xialﬁmﬂ YGHddze aélﬁharﬁlablﬁﬂ&y%rr HERRBrdifldalibfIS! C 1O
nouse or nouse-derivati zed bs, and to thereby increase” the efficacy and
safety of tandsdestipmprd e lagk afinpwwiagical telsrange touween artsitio theaepreducedie

invent i@, Huheh 8 Reim4i&d ﬂ&g%rg%& ; | gghgim[ ecurring
pai n, tﬁ% trea?@gﬁtft erggfmTequiring rep ategﬁgﬁ??%%%eﬁa E?%I tration.
Thus, one pay tahiigenaf 1BETeat eohadingehunfiant dntigenst | USigr thenhoibbdetine tecbifiolegye
i nvention i, : i | . _ m ni st er ed
to patient saﬁPé\eg %’E%%ﬁflé@%%eﬁ%génﬁ@% @l\%\ﬂfsltlrg& #ﬁ‘ﬁﬁ%@ﬁnﬁ %%’@%F g%{hrsteggc I'ons
commonl y associ 1 th . ntj.- t] | e r. r .. preyiously
descri bed non-f Eh%%eﬁﬂﬁ nag?]lqléir%? ?%%ﬁﬁ%gg?%gﬁa??onc? ﬁ%?réénépso ge}:r%é@ﬁzam’q’ of
producing a full repertoire of human antibodies in the absence of endogenous

15  immumnoglobulin production can ‘be employed. Transfer of the human germ-line
immunoglobulin gene array in such germ-line mutant mice will reslult in the production
of human antibodies upon antigen challenge (see, e.g., Jakobovits et al., Proc. Natl. Acad.
Sci. USA, 90:2551-2555, (1993); Jakobovits et al., Nature, 362:255-258, (1993;
Bruggemann et al., Year in Immun., 7:33 (1993); Nature 148:1547-1553 (1994), Nature

20  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 (each 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. Biol., 227:381 (1992); Marks

25  etal, J. Mol. Biol,, 222:581 (1991)). The techniques of Cole et al. and Boemer 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 (or,

30  when an animal transgenic for human Ig sequences is used, in vive somatic mutagenesis)
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One skilled in the art can engi neer nouse strains deficient in nouse

anti body 5 production with large fragnents of the human I g | oci so that
such m ce produce human antibodies in the absence of nobuse anti bodi es.
Large human I g fragments may preserve the large variable gene diversity as
wel | as the proper regulation of antibody production and expression. By
exploiting the nouse cellular machinery for antibody diversification and
sel ection and the lack of inmunol ogical tol erance to human proteins, the
reproduced 10 human anti body repertoire in these nouse strains yields high
affinity antibodi es against any antigen of interest, including human

anti gens. Usilnthus, be hylind dadaequendenalf iy VH and Vieregione of e rebofiBifadyADS Wi t h

t he desired ificity may. be produce nd. sel ected. .-Transgenj c .ani mal s
(e.g., mc ﬁﬁ? at %‘f’qﬁ?ﬁ&%@é‘} “@BB%“‘?"&%@?F&QPF%W%‘WO yrER eVH y| |
repertoire @i Visstuncdd] inkpgbteatutally Ris vARGENREe Buin ﬂiﬁ@ﬂ&be%'b%ﬁne répertoire _

of° the human germli ne

i mmunogl obul i n production can be enpl oyed. Transfer
i mrunogl obufM¥-gene array in such germline nutant mice will result in the
production of human, antibodi es upon antigen challenge (see, e.g.,

Jakobovits et afl® ceripprmbodiments, e skilled aygisan qgmase cupstenizegionsom spgRs) ;

Jakobovi t PN \CYRY ! 5P R5E wak - : Year |
.7 S s W (ibng 390,52 2y0a0 vl Saionl) \REIE RS, Bodee ol oy

14: 826 (199%jmericaplodiey. A | et al., Nature, 404:995-999 (2000); and U.S.
patents not 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 (each of which is
i ncorporated herein by reference inits entirety for all purposes)). Human
ant i bodi es Natnrally {rcchering Aodleely Strectyrbiage di splay libraries (11 oogenboom and
Wnter, J. M. Biol., 227:381 (1992); Marks 25 et al., J. Mdl. Biol.,
222:5811Q 1991) ) Naimadliytasciming estihody stotueal enitstlypicahyccoBpeines tettimed. .Baglie al so

avai |l abl e f e pr tion of n_mpneclonal anti bodi e Cole et al.,
Monocl onal 8%11{ ?“E‘%‘B?%‘?B%%l ’éacﬁglé’?sa%ée %q&)eﬂﬁ‘éak PRgs Of?oégfep &e ’1?3%) and
Boer ner et mirhaving ond fatilengkh "light? Zhdip (t@Gedly hadifg 1 IolecRac eaightntA@abodd BFAN

anti bodi es S0 subjected to in. vitro. mutagenesis. (or 30__when an
ani mal trar@iﬁadcmlcﬁﬁmﬁ’g‘ng SQH‘H]EHH@E@#X Ve &FiXFighs ptAbontSO-

mut agenesi s)o kDAy. F0&laminBLiSrmiddd Borfith BOcaBk lightHRE HENGLRaif ydiddfly Widhaagla VL
regions of the reconbi nant antibodies are sequences that, Wwhile derived
from t hbse vyagrtde egion®f iabot A 08 & Wijas noggpmino acids that typically is responsible for

antigen recognition. The carboxy-terminal portion of each chain typically defines a
constant region responsible for effector function. Human light chains are typicaily
classified as kappa and lambda light chains. Heavy chains are typically classified as mu,
delta, gamma, alpha, or epsilon, and define the antibody's isotype as IgM, IgD, IgG, IgA,

20  and IgE, respectively. IgG has several subclasses, including, but not limited to, IgG1,
IgG2, IgG3, and IgG4. IgM has subclasses including, but not limited to, IgM1 and IgM2.
IgA is similarly subdivided into subclasses including, but not limited to, IgAl and IgA2.
Within full-length light and heavy chains, typically, the variable and constant regions are
joined by a "J" region of about 12 or more amino acids, with the heavy chain also

25 including a "D" region of about 10 more amino acids. See, e.g.,, FUNDAMENTAL
MMUNOLOGY, Ch. 7, 2™ ed., (Paul, W., ed.), 1989, Raven Press, N.Y. (incorporated
by reference in its entirety for all purposes). The variable regions of each light/heavy
chain pair typically form the antigen-binding site.

The variable regions typically exhibit the same general structure of relatively
30 conserved framework regions (FR) joined by three hypervariable regions, also called
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and VL sequences, may not naturally exist within the human anti body gerni i ne
repertoire in vivo. 5 1n certain enbodinents, the skilled artisan can use
constant regions fromspecies other than human along with the hunman

vari able region(s) in such mce to produce chinmeric antibodies. Naturally
Qccurring Antibody Structure 10 Naturally occurring antibody structural
units typically conprise a tetranmer. Each such tetraner typically is
conposed of two identical pairs of polypeptide chains, each pair having one
full-length "light" chain (typically having a nol ecul ar wei ght of about 25
kDa) and one full-length "heavy" chain (typically having a nol ecul ar wei ght
of about 5@omplgmemerjty dfteaninivgmegionsroriCRs. Jée CGI%s fvm thedwo cheyhg ofzsach heavy

chai n typi Ly -1 _Acl rd i . t . 0. 110 or nore
i no aey adar by e Shpha ey BB SEH B0 Whaf Ay el iy 8 £ 12

car boxy- t emspécifitl epitopd. i GronoN-eamihalcth a0-terhipgli, bothllightiedd heryy ahaia oasitdnt regi on
responsi bl e for effector function.. |0 chaj pi |y
classified r‘égoqgamﬂ?ﬁﬁﬁampﬁﬁ{}gﬁd?mﬂ?ﬁ%;r@? %%ammg@eﬂﬂﬁ%%m ly

cl assi fised The a3dignmeelof amigRaEBs i kshadonin GPGPically iAccoaBhiéd Rith Re

anti body' s | sotype alfﬂ,lyl gM 19D, I? .1 gA,. 20 and Iglg respectively. 19gG has
several sulSefinitiawof Rabay eguences pi Frojins of Immugelogigal st (198 epd 199G3, and

| gG4. | gM hasi iRRS&EST Hdkh Ul Joul ), netcHotiA s fledkO: 1 4B0GB oM. | gA
is simlar ??%2%83?& AR HOEh, Blelithas M)A Clot ng. ko 19879 1280 to. |gAl

and | gA2. 196:581-A1% Ghpthiacen gh,H B9, d¥erura sl #88%3. chai ns, typically, the
vari abl e and constant regions are joined by a "J" region of about 12 or
nore am no acids, with the heavy chain also 25 including a "D' region of
about 10 nore amino_acids. See, e.g., FUNDAMENTAL | MMUNOLOGY, Ch. 7,2'd
ed., (Pdul Bispecifiogr Bifangmal Lntikadiedsr ess, N. X. (incorporated by reference in
its entirety for all purposes). The variable regions of each |ight/heavy
chai n pair typi dabisgectigron hifimctional srtibody hgicaldy d4 ew artifisial \ngbrichbitbode gi ons
typically exhibit, t : G : - § W served
f ramewor k ﬁ%%?gég°( 3 1gﬁﬁggq%@ﬁbﬁiéggﬁigéﬁ%géqa +2ﬁ#%§#J%g§%%%§%'called
46 conpl enBitpecific yntiteties map baprodegd by s vaﬁetf)ﬂ?ae&d’dsdnﬁﬁﬁsg,fonmmﬁhﬁedm chai ns
O e i Pobr abbh G hyotialhss 81 hARSY RGP shERAIRI e 8] Whpsitfll & ™

15 Lachmann, 1990, Clin. Exp. Immmunol. 79: 315-321; Kostelny et al., 1992, J. Immunol.

148:1547-1553.

Preparation of Antibodies

The invention provides antibodies that bind to human NGF. These antibodies can
20  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 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).

25 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
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
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specific epitope. FromNtermnal to CGtermnal, both |light and heavy chain
variable regions typically conprise the domains FR1, CDRI, FR2, CDR2, FR3,
CDR3 and FR4. 5 The assignnment of am no acids to each domain is typically in
accordance with the definitions of Kabat Sequences of Proteins of

| munol ogi cal Interest (1987 and 1991, National Institutes of Health,

Bet hesda, Ml.), or Chothia & Lesk, 1987, J. Mdd. Biol. 196:901-917; Chothia
et al., 1989, Nature 342:878-883. 10 Bispeelfic or Bifunctional Antibodies A
bi specific or bifunctional antibody typically is an artificial hybrid

anti body having two different heavy chain/light chain pairs and two

di fferent humen hgawi tledn or Bigh elrdin japimmn beild cdiuesceseare adignedothu gledtifyya a vari ety

of nmethods jncludin but not |imit 0, fusi f bri domas .ot |inking
of Fabry PRoph phsoadt'sell¥on "Herid st mb AL RARLay bR ORERS By || "
| mmunol . 7Qhait tan 8@ tepldeed tvith e FRs fbm, a differnt Heavy ohainot lightlohfiinl Safe 1553.
Preparati on of Anfibqdi e Jinventjio rovi des, | bodi es th bind to
uman. NG, SR s gihe el Sl S RE ischt B G T AR PG ARE

ful'l -1 ergt hoi\Nehlasdd, WhikOie bdsboft the FR @fnino HeR1s 3sM hereplh@d. Rafe dnlifo hdi¥end | on can
be polyclonal or nonoclonal, and/or may be reconbinant antibodies. In

preferred &Shtsé aming acidsdhatiarsdapesitins in which ther areinehusyally fovmebin FRst Thodi es
I et eati o on : e
prepare ﬁgﬁtg%%ﬁmaml%ge&mw ﬁb?s%ee',ﬁ?ﬁ'aﬁﬁboﬁjesto?ﬁiéslg%hﬁn@5]:[ H@lls%gfg@gﬁ? e o

pr oduci ng les | or exanple, Internationa
Appl i cat i oreonstanb| region i that wOligtereat Fom) the SonFhest gegiprl @fieamtiaNGF yantibedyr mi ni ng

regions ( ) | ' chai | regi of anti -
NGE anti bodubtmagteitife pRBd il oAb LERLY ot ENRLE okilh rE o fO U 1 o)
fromthi® samafiingris aleadribed,, e.gpeni US. Patent d¥dsai )l 80/380,di5600762, 5,683,76TDRs of the
l'i ght chai ea In_variahl e.regions qf anti-NG- anti body may be

or ot ted 1o Sconoanant S s hRh sehefb G a P by Brheiar ARRPoRRs 1 o
several 47 humgn _heavy chain or light chain am no acid seguences are

o gned to i dentPRUSLs oS GHE uteHon,af AtPTSrIAY SRt OETe HABSHERE TBES BHE. ant i - NGF
anti body hegvy a GiiRtafitiQl fpottiod b the-Mahan miFodyréRiding d6ths WskAed MembRsyl r om a

di fferent heavy chain or light chain. Rare amno acids in the FRS of the

heavy and IPresheing iGelisaf thy migs: sndngt e fupthes ppeingesedta) heydefipignt in producing

15 endogenous, murine, antibodies. Such mice are capable of producing human

immunoglobulin molecules and antibodies and do not produce or produce substantially
reduced amounts of murine immunoglobulin molecules and antibodies. Technologies
utilized for achieving this result are disclosed in the patents, applications, and references
disclosed in the specification herein. In preferred embodiments, the skilled worker may

20  employ methods as disclosed in International Patent Application Publication No. WO
08/24893, which is hereby incorporated by reference for any purpose. See also Mendez
et al., 1997, Nature Genetics 15:146-156, which is hereby incorporated by reference for
any purpose.

The monoclonal antibodies {mAbs) of the invention can be produced by a variety

25 of techniques, including conventional monoclonal antibody methodology, e.g., the
standard somatic cell hybridization technique of Kohler and Milstein (1975, Nature
256:495). Although somatic cell hybridization procedures are preferred, in principle,
other techniques for producing monoclonal antibodies can be employed, e.g., viral or

oncogenic transformation of B-lymphocytes.
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5 not replaced, while the rest of the FR am no acids can be replaced. Rare
am no acids are specific amno acids that are in positions in which they
are not usually found in FRs. The grafted variable regions fromanti-NG-
anti bodi es of the invention can be used with a constant region that is
different fromthe constant region of anti-NGF antibody. Alternatively, the
grafted variable regions are part of a single chain Fv anti body. CDR 10
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 incorporated by
reference for any purpose. Antibodies of the invention are preferably
prepared usi ng Theams@fmi mﬁmmstbma‘ormqmanghghm]smamtsithdmpmet iHybriddm4 he human

ant i body pro cus i nser pr odu cel I s.of phe mce,

and t hat a% oflg'@r sﬂ?wgéﬁjﬁg@ecs%%fﬁ?‘g? ﬁ%& lssa'é}ndogenous,
muri ne, an&dchﬁdneea’or iSolatondfammunized sfedotfefor ﬁisﬁﬁiuﬁ'd: wgn rkumamm f8afogl obul i n
nol ecul es nd ant | bodi es and do.not r}oq%%ﬁ or cé duce subst ant | aI |y

reduced a Hﬂ?’%p%tp ‘f*$n’é‘“ﬂ"ﬁfﬂ¥%ﬁ?% ures e al39

Technol Qgi es |I|z d for hi e this result are disclosed in the
patentsg applic g’“"ﬁﬁﬂ‘ Pé?"@? h megag E)Isaé‘ﬁ %estfﬂlgctgﬂ,@gqmqte& K on

herein. Incgpfgé @éﬁ@ae@ﬂmgiwﬁs@&ﬁs i cadtsidg |ﬁﬂmvﬁfrtﬁ@huﬁﬁ¥1£ﬁufé®s% met hods

as disclosed in’International Patent Appli cat i on Publication

08/ 24893, v#heE Hhﬂnsthhéwwsysmr Blasa frasgpgic mice; refrmed YOdrermys Hu&'afeb” See

al so Mende e S mirRlod &6 L5 eby

i ncor porate eE)y 1?‘L“Flerence for ﬁl(}ﬁgghr %ngem}n'l e rr%’;r{g(g:]il ﬁéa% anti g%es ( mMAbs)
of the i nvchmnamheayar(ubmdpwomdcedlgbwcluin/mnhmtoglobﬁ& eéquemhrmgpjm witlnc| udi ng
convent nal nI| od ol o ndard,somati c
cor S hyBCT Bra TR BRtRRR A HACIE Y B B EGR Y 108, vt Ry CHRBRTH @100, 4os)
Al L hough ﬁqm WameBdss m&wd 5i9¢l| Aﬁotﬁﬁgl?ﬂl@ﬁﬁﬁbﬂﬁh&gﬁum&ﬁmﬁm oflnlibumrl nci pl e,
ot her tec ues r, produci nonocl o an i es ca 0 e.g.,
viral or F‘?P@‘Is F"n’g poygizagen, 19%*‘1‘5‘3{/) ll?gvyr‘ﬂ’é hght od ani nal
system for cw&ﬁsF&@shm& cdaaaa%witauﬁg@d%ﬂﬁﬁc miula¥B todgsﬂ&a Migoaehien in the
nouse is very well established, and 1 mruni zati on E@?t ocol s and techniques

for isol at hemanieq smenpdens! anibedist(loakerg gr als sgren Lavhergwnd Hysmankd9n t he art .
Fusi on yar YHELS fef BumunBl’ 13%65-98/ Hr@Re 68 1ohv@Bd189551 4R, RIPCePYT 85, are al so

known 764:536-546). The preparation of HuMab mice is described in detail in Taylor et al.,
1992, Nucleic Acids Res. 20:6287-6295; Chen et al, 1993, International Immunology
5:647-656; Tuaillon ef al, 1994, J. Immunol. 152:2912-2920; Lonberg et al., 1994,
Nature 368:856-859; Lonberg, 1994, Handbook of Exp. Pharmacology 113:49-101;

20 Taylor et al., 1994, International Immunology 6:579-591; Lonberg & Huszar, 1995,
Intern. Rev. Immunol. 13:65-93; Harding & Lonbetg, 1995, Ann. N.Y. Acad. Sci 764:536-

546; Fishwild ef al., 1996, Nature Biotechnology 14:845-851, the contents of all of which

are hereby incorporated by referemce in their entirety. See further 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;

25 5,874,299; and 5,770,429; all to Lonberg and Kay, as well as U.S. Patent No. 5,545,807
to Surani ef al.; International Patent Application Publication Nos. WO 93/1227, published

June 24, 1993; WO 92/22646, published December 23, 1992; and WO 92/03918,
published March 19, 1992, the disclosures of all of which are hereby incorporated by
reference in their entirety. Alternatively, the HCo7, HCo12, and KM transgenic mice

30 strains described in the Examples below can be used to generate human anti-NGF
antibodies.
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S In a preferred enbodi nent, human nonocl onal anti bodi es directed agai nst
NG can be generated using transgenic mce carrying parts of the human

i mmune system rather than the nouse system These transgenic mce, referred
to herein as "HuMab" mce, contain a human inmunogl obulin gene mnilocus

t hat encodes unrearranged human heavy (p and i) and x light chain

I mmunogl obul i n sequences, together with 10 targeted nutations that

i nactivate the endogenous p and it chain loci (Lonberg et at, 1994, Nature
368: 856-859). Accordingly, the mce exhibit reduced expression of nouse |gM
or x and in response to inmunization, the introduced human heavy chain and

| i ght chai n tr hespreseesinuention grovaleabenavidmblions aatitshdis et e spacifict fopn t o

generate hi affinity hunman | nocl onal, anti bodi es opherg et at,
supra. ; Lor?‘gg?lﬁutaaiﬁ%c %@%Pm&%%%ﬁ{%o%ﬁeﬁ a‘bﬁ@‘{/pﬂ’ At a.n%%‘ﬁ’g@f‘ . Hardi ng
and It;onber gnd lligﬂ&,‘nr.=:iﬂ\raﬁl:nén«.-l\lac‘(c(ij sﬁﬁ&fbe& Hhich ml-e?lﬁgﬂjialﬁ:lcﬁi@&h an'HhﬁbuﬁﬂQal NG | ondof
HuMab m ce i criped.in tail i,n Taylor, et al., 1992, Nucleic Acids
Res. 20: 628958 ; gt arg pound g igm. | Be‘rlﬁ‘hfncﬁﬁaﬁwwﬁ@ﬁﬂﬁe&wh“@%47- 656:

‘Tuai | | on elGRhumanl 8fthodiés, andTHui@h mohbelord AmtibedRE withankedheciflity2ko pe 1994,
Nat ur e 368: 856-859; Lonberg, 1994, Handbook of Exp. Pharrmacol ogy 113:49-101;
20 Tayl or effegtive immyaotharanydprNGF asrasiateddisesstsogy 6: 579-591; Lonberg & Huszar.
1995, Intern. Rev. Immunol. 13:65-93; Harding & Lonberg, 1995, Ann. N.Y.
Acad. Sci 764: 5hewmnezaect, fednngntien prevides isoladeichunie entibodigs gtﬂé@nme@gye

14: 845- 851_,0#{;%&9?9{}1@@%3 Qé/it.oﬁé!is 1._9% 4]9@%@?0%%&@&{@&{“ ncor por at ed by

reference i entiret ee Turt at ent Nos. 5, 545, 806;
5, 569, 825; 5, 62 : 633,: Hor? pro totods AL T o 5,814, 318,
255, 874, 200, aku PP I HEPfior pyiter Riised Mian Inbodie iy a8 "ol 2
No. 5, 545, 8&iFt oneof Bgragnimo stid sdqusncesshewm it SEQ HD NOX: 0t 12Ap4 | I6CER, 2OyD2,
Publ i cati on,,Nos [ 1227 I.shed ... June 24...1993; 92/.2264
publ i shed tg}%%%ﬁﬂ&é@ﬂ.ﬁ ,@ﬁ@%&%ﬁ?"ﬂ%ﬁ@“ "&‘J‘b%ﬁ’ghﬂeﬁg\g%?‘@tzﬁﬂfiﬁé 1992, the
di scl osur esagicitpatd ankigonize NGRpatygeptidelagtivityc dirpfarablye thebyantibedies Windyathe N t hei r
entirety. Alternatiy the HCo7, HCol2, KM transgenic mce 30 strains
oscr | bod G PSSR e St P tsAunibeds PEHeR BB B munan. ant |- NGF
anti bodi es. 49 The esent invention prqvi des human _mgnoc) onal anti bodi es
that are speci fﬁ!: H*%é"ecﬁn‘?ﬁ“ enis itE"e 15‘3‘3 t#%“hﬂ?@%@z{"ﬁgl PodBfE des. Al so
provi degs angiypgiidbdth 5 @RYO6iation constant (Kp) of 1 x 10° M or less and inhibits NGF

induced survival in an in vitro neutralization assay with an IC50 of 1 x 10-7 M or less. In

more preferred embodiments, the isolated human antibodies bind to NGF polypeptide

with a dissociation constant (Kp) of 1 x 10"° M or less and inhibiis NGF induced survival

in an in vitro neutralization assay with an IC5q of 1 x 10-8 M or less. In an even more

20 preferred embodiment, the isolated anti-NGF human antibodies bind to human NGF

polypeptide with a dissociation constant (Kp) of 1 x 10! M or less and inhibits NGF

induced survival in an in vitro assay with an ICsq of 1 x 10 M or less. Examples of

anti-human NGF human antibodies that meet the aforementioned binding and

neutralization criteria are provided herein,

25 The most preferred anti-human NGF human antibody of the present invention is
referred to herein as 4D4 and has VL and VH polypeptide sequences as shown in SEQ ID
NO: 12 and SEQ ID NO: 10, respectively. The polynucleotide sequence encoding the
VL and VH of 4D4 is shown in SEQ ID NO: 11 and SEQ ID NO: 9, respectively. The
properties of the anti-human NGF human antibodies of the present invention are
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and light chain am no acid sequences which are highly specific for and
neutralize NG pol ypeptides when they are bound to them This high
specificity enables the anti-human 5 NG- hunman anti bodi es, and hunan

nonocl onal antibodies with |like specificity, to be effective i munotherapy
for NGF associ ated di seases. I n one aspect, the invention provides isol ated
human anti bodies that bind the sane or essentially the sane epitope as the
4D4 anti body provided herein. In one aspect, the invention provides isolated
human anti bodi es conprising at 10 | east one of the am no acid sequences
shown in SEQ I D NOS: 10, 12, 14, 16, 18, 20, 22, 24, and 79-130 that binds
a NGF pol yppgificdity dipdlosepdn thetExampkgh Bﬁrﬁduﬂﬂrly;uombtb ih#e Higieaffiadp e INGF t O

ant agoni ze |y ti.de ac . Pref t hese .anti bodi es bi nds the
same or es?gﬁfpiﬁ??g& b’ Oz ¢ P RSHYLY, pflm?nd'éﬂe‘fuer ei n.
preferred egkag nents, the |sol ated human ant| bodies bind to NG 15

pol ypeptide with a dissociation constant (KO of 1 x 10-9 Mor |ess and

i nhi bits NGF |H’El¢'ﬂi@@cﬁﬁ6ﬂk:é‘r@tant (KDofiaf atithisthah) NOGF ﬁﬁ:hizﬁﬁ:hﬂmd e&pYe Wi th an
| C50 of 1x 10-7 Mor less. In nore preferred enbodi ments, e isolated

human aft i lﬁ‘mcdol ds‘{f@c‘?\@hsﬁwpy{?é?ﬂm‘ifeas engally dpgsibed atll%‘f#ﬂ@tm?t ant (KD)
of 1 x 10" Moy, shi¥ss piatﬁmmegomﬁcé abiHrsid &@m&g r%ﬁievlﬁhmn% fhtéietiols VI LT O

neutralization assay with of 1°x M or | ess an even nore 20
preferred &atwoen Hgand, (repmbm@tt Im%mlmﬁdq\l@mm Oaﬁthldzﬁsnhoemammd o human

NGF pol yp C M or | ess
and i nhi bi t%g';lh%im %uce%@ﬁ?@!@; U%e &ﬁoﬁr}%ﬁoﬁﬂgl a?lughgtjtﬁ 0G50 of X
10-9 M or |sgsem (]HmaanqﬂlaeBloeénsoarPtsnammNINGSmt&mmtasmnﬁ|ahaiglszesart dtiat bereet the
aforerretlondbl din eutral iz n criteria ar |ded herein. 25
The modt poaamenay et Htne Feer i flbodih Fiatichenfor Al sAU BB ent  on 1 s
referred tQh d e@ﬁ:bﬂaﬂtuﬁﬂsélaﬁonwmssv&hummmgﬁmwemm as shown
in SEQID 2 and ch% N%)? pect i vel The (%I ynucl eot i de
sequence e yppn gpEbody) can glgo FlctB‘Tm Yiugng E%‘?@ Npceredn and SEQ
ID NO 9, reﬁa%@cﬁﬁfehth’edethc ThRntieH, 0B abiiied Tbidd & NejH v}?ﬂtﬂ@ 6 b _

anti bodi es of the BH sent inv nt lon are 50 specifically di scl osed in the

Exanpl es. Papoxiggielr 1% M@PQBP Ms Thererm "B aF vsed herping isrintried tpesfy jept i de and
high capacidyuilsBciRitn MRk 61 MNEriBRAnARARIY AR inealond HOPPRSsRE Sithe

present invention Kp was determined as shown in Example 9.

In preferred embodiments, the antibodies of the invention are of the 1gG1, 1gG2,

IgG3, or IgG4 isotype. Preferably, the antibodies are of the IgG3 isotype. More
preferably, the antibodies are of the IgG1 isotype. Most preferably, the antibodies are of

20 the IgG2 isotype. In other embodiments, the antibodies of the invention are of the IgM,
IgA, IgE, or IgD isotype. In preferred embodiments of the invention, the antibodies
comprise a human kappa light chain and a human IgGl1, IgG2, IgG3, or IgG4 heavy
chain. Bxpression of antibodies of the invention comprising an IgG1 or an IgG2 heavy

chain constant region is described in the Examples below. In particular embodiments, the

25  variable regions of the antibodies are ligated to a constant region other than the constant
region for the IgG1, IgG2, IgG3, or IgG4 isotype. In certain embodiments, the antibodies

of the invention have been cloned for expression in mammalian cells.

In certain embodiments, conservative modifications to the heavy chains and light
chains of anti-NGF antibodies (and corresponding modifications to the encoding
30 nucleotides) will produce anti-NGF antibodies having functional and chemical
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herein. The dissociation constant (KD) of an anti-human NG- human anti body
can be 5 determ ned by surface plasnon resonance as generally described in
Exanple 9. Cenerally, surface plastron resonance anal ysis nmeasures

real -tinme binding interactions between |igand (reconbi nant NG- pol ypepti de
I obilized on a biosensor matrix) and analyte (antibodies in solution) by
surface plasnon resonance (SPR) using the Bl Acore system (Pharnmacia

Bi osensor, Piscataway, NJ). Surface plasnon analysis can al so be 10
performed by inmobilizing the analyte (antibodies on a biosensor matrix) and
presenting the |ligand (reconbinant V_ in solution). The djssociation

const ant ( Icharagseriskips similer_tp daase of fiemnbrdGHanthediesodislesed hereino Ipeontaster ni ned by
[ Ki . th
ant i bodi 23 o MR e ons B 6 ictlfn) SHDS GNP offacl e W |10

The term " Kbtibodies mayde atcompiishediby selmtmg ddunttmomseﬁ dhe angnd Ecld begquetice eHCi at i on

const ant of arti |nt r.ac For, .pur pases of the
resent. i nobbuigh mEHeR ol deCitrs P Bl Op BB ORRE e
enbodi msnt strudtire ofithe mvdedulasbaekhdnaén thawame s@@&tuﬁén tfdsreexbxgﬂb,, ash@kedt 10G3,
or 1g04 isotype. ferabl Y, he, ant i bod are of .the | i sotype. More
preferably, %“E]éfa]a 'té'e(ﬁmg“h@r the paoleculs atithe WESY  ( he

ant i bodi es sgs Q,I(H)t]_%qmmtﬂegb@edhﬁgl ype. I n ot her enbodi nents, the anti bodies
of the invention are of the IgM 1gA |IgE or IgDisotype. In preferred

enbodi ments of Eheexd Ens t dhserdaioe %ﬂth@iﬂ's@&sﬁhﬁ@@%ﬁﬁﬁv&v@H@@dﬂuﬂﬁﬁ&Pa l'i ght
chain and a human Ig g2, IgGS g&A heavy ~chain. Expression of

ant i bodi es offe nagge nlﬁm@rmdowméwr: $i Wﬁ Irepijue spcky that thepe 8dudlg/or ahai n
consta r ol Fﬁr‘% l, I

enbodi gté)nt gs%‘fthbe tg% %ﬁ' E é;%flttgﬁs o?%hgését&r?tgl gmgt%slﬂg)?c Fhﬁ%ué'?&g to a
constant r ey oativstkeaductihabe pdigpeptidesmanslso begibstituted withreaning(Chs hisgegn | gG3, or
| g4 isotype, nt s he antibodies of the invention have
been cl one@r?‘%ouglgé cgﬁgf‘fgﬁ”?ﬂﬁﬁ'ﬂr?gﬁ% '

9'C SIS
IR AR o M In certal n enbodi ment s,

1|g
conservative nodjf.i e hai ns | chai.ng of anti-NGF
ant i bodi es (and(B °§l ﬂ)%o E(’tfn%ﬁubr‘smman 2‘”%{7% O'Elsgwla H%Bd’oﬂsﬁw g‘(’fgﬁﬁ%l eot i des)
Wil produde dmithinblGhy divké Hdlkdem tbauntragﬂ;feumet mmauibsﬁmdommdeﬁled d

char act rlstl S s | ar to.those of .the anti-N odi es d|s osed
her ei n. % Q brglments amino aCI(F su%stltut%ns can be us%: toaigentl?y 1‘:1111p0rta11t residues

o]

of anti-NGF antibody, or fo increase or decrease the affinity of the anti-NGF antibodies

described herein.

As it is well known, minor changes in an amino acid sequence such as deletion,

addition or substitution of one, a few or even several amino acids may lead to an allelic

20 form of the original protein which has substantially identical properties. Therefore, in
addition to the antibodies specifically described herein, other "substantially homologous™
antibodies can be readily designed and manufactured utilizing various recombinant DNA
techniques well known to those skilled in the art. In general, modifications of the genes

may be readily accomplished by a varicety of well-known techniques, such as site-directed

25 mutagenesis. Therefore, the present invention contemplates “variant” or “mutant” anti-
NGF human antibodies having substantially similar characteristics to the anti-NGF
human antibodies disclosed herein (See, for example, WO 00/56772, all of which is
hereby incorporated herein by reference). Thus, by the term "variant” or “mutant” in
reference to an anti-NGF human antibody is meant any binding molecule (molecule X)

30 (i) in which the hypervariable regions CDR1, CDR2, and CDR3 of the heavy chain or the
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substantial nodifications in the functional and/or chem cal characteristics
of anti-NGF antibodies may be acconplished by selecting substitutions in
the am no acid sequence of the heavy and light chains that differ
significantly in their effect on maintaining (a) the 5 structure of the

nol ecul ar backbone in the area of the substitution, for exanple, as a sheet
or helical conformation, (b) the charge or hydrophobicity of the nol ecul e at
the target site, or (c) the bulk of the side chain. For exanple, a
"conservative amno acid substitution” may involve a substitution of a

native amno acid residue with a nonnative residue such that there is little
or no 10 byfercariabln reginns §HRA; COR2cand (DR Yyef the light ghaimiakien a5 wholearedie at t hat

tion. ; . . , . b
bt tut edphe 16 EBESop i pldfrlely ol 884 0%, hidnbBiou I b8, TPYed 20, 10
scanni ng nm3f%demeingsus'to Beshypentadablamegians o shonas fni $EQ D NOY: Whct8heud 22

conservative - GO vat,ive) ca be t.erm ned by those skilled in the
oot e o sl RASIIE 2y Bl e b ety ol T Barrin e aghit R it mont &,
am no gs:i do&!agﬁgdfﬁﬂﬁiﬁiﬂﬁl@ﬂﬁabﬁwb@ dfsmdxaié NGHRhé §si(hnd éiﬁﬁt hﬁﬂtefér@ﬁef '%ugs of -
anti-NGF antibody, or to.increase o ecrease the affinity of the anti-N
ant i bodi es NcEan3aMbqdx haypg raEeyark regiops identigabigihossrhgeleetiefiges in an ami no

aci d sequence such as del etion addition or substitution of one, a few or

even several anPRBRaEY. ¢ ENGE dumes, apfibody | varipnt wilchape lightotnd{asheayy gi nal

protein whi lRefRsS | hidembi Gal [ I addi tion
to the ant icg%%i es ’sg@?? %iﬂ%:ﬂaﬁ Jlthzllglsé’(:iri&:é‘ﬂbgg ah%ﬂ%ﬁéﬁto%egﬁgﬁggﬁgﬁ?g ly

honol ogous'identifyt prefaisbdy at leastmbowtfath seguenssiidmbty, astomengrnrefaeblyratdeast i | i zi ng

variousgare i . chni t $ ' .n the art.

In genfalr0 al %Q@gapg%%%ng%&t °g’”'§§ es Rﬁy%g%arag)g%ﬁ f"e sé%é#r?%ﬁ%g#gﬂ by a

¥ﬁri e]'E y of yalﬁmbremrdma?b@thcﬁs?{umst 9@&;sbqtmmefiﬂemﬂxjiw@anm€mdprﬁﬁmbiyt agel}stesi Sf .
erefore, esent 1 nv 1.0 on "varl Soor "matant" anti -

NeE b 4RO O30 ket PR Bl RS AL Teort B0l e el e, o e

L o ahi B ot ot at o hor e by o o a0 be. L or m

“variant” @pout §fYosfuenrs, deptity. et Mo Rrﬁfer&ﬁfyéﬁ?%l“qﬁ%?“@?(‘hwq&?ﬂcf’ b‘f?éi?tyi s meant

any bi in ' ' ' ' regi ons

CD)IQI | %%ﬂﬁgﬁ%@%@ﬁ% Sotd 9534 s_éciuknde”id&ﬁﬂtﬁ g'gf hird prefetab R 4tallse g

the heavy chain or_the
about 99% amino acid sequence identity to the amino acid sequence as shown in SEQ ID

NOS: 14, 18, and 22 and/or SEQ ID NOS: 16, 20, and 24, respectively.

More preferably, an anti-NGF human antibody variant will have a light chain

variable region, when taken as a whole, that has at least about 80% amino acid sequence

20  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 §4% sequence identity, yet more preferably at

least about 85% sequence identity, yet more preferably at least about 86% sequence
identity, yet more preferably at least about 87% sequence identity, yet more preferably at

25 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
identity, yet more preferably at least about 93% sequence identity, yet more preferably at

least about 94% sequence identity, yet more preferably at least about 95% sequence

30  identity, yet more preferably at least about 96% sequence identity, yet more preferably at
least about 97% sequence identity, yet more preferably at least about 98% sequence
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hypervari abl e regi ons CDR1, CDR2, and CDR3 of the light chain taken as a
whol e are at | east 80% honol ogous, preferably at |east 90% honol ogous, nore
preferably at |east 95% honol ogous to the hypervari able regions as shown in
SEQ I D NOS: 14, 18, and 22 or SEQ ID NOS: 16, 20, and 24, respectively, and
(11) wherein the variant or nmutant is 5 capable of inhibiting the activity
of human NGF to the sane extent as a reference anti- NG human anti body

havi ng framework regions identical to those of nolecule X. Odinarily, an
anti - NG- human anti body variant will have |ight and/or heavy chain CDRs,
when taken as a whole, that are at |east about 80% ani no and sequence

i dentity, Mwmlwatpntfmw #ilenst af%%’%%qmmecldomnemwld%y torthee

preferably 9 d erably at

| east abou ?@Z% encegggi&‘fnﬁs @ﬁgw lb ggré‘bl g?% g‘jolout 92%
sequence i emiidriat heavy eHairrriable &@‘icm; avhénytaldén ds&ans}tole a’cwhis ma%ts;bquan%e
et Y bt e Rk A S SO T RSBl il o, US1
nore prefe erably a
| east  gboytefdddily Stqemas&t BORNMednicdee MatityTREEmBeraeablyat Mastl8agigipout 97%
sequence identity yet rmrers‘%[ eferablé at | east about. 98% sequence

i dentity, ﬁﬂ“ﬁ??ﬁr@cﬂﬁ%fﬁfﬁlﬂﬁ"yp aply At tleastyahout 8L sraneneroidaRtity YebHI9ENCe

identity t B 8 & B8] P mbi2 preEblabl}) at Make'abdut 8498, and 22
and/ or SEQgtID N£ %a&“@ §'§°d 4, rles tﬁ%tlvaéh Mor eppa;ce eraa y8 l%an
ts

anti - NGF hmmcandqnbbwewpteamfemblyl at Hwteatmuw eqmmemdeum,umn@rer egi on,

oty Frperity 8Fisss sbolE sl Bgdthes Bty 300y A AR RN TCr, ore

pr ef er difl y sajuedce ddéntityh yat mdprefecphlyrat deastdahout 886 sy@ienwmidmtpy,afeembd y at

eauence | BT o et sny B9 epiebin 5y Vel mlioeeisBtly o SomaBionde " O

identity, % eﬁaan@eﬂﬁt}efyef fbteypraferablyed tleasbsbsut BBAOsBARHENIEntity, dRDkroty, Yet
nore preferably at |east ahout 87% sc(eiquence I dent nore preferably at

25 | east abEalEoh leaw gbowt &2 regreaiepes idenpity, Yﬁb?lgfe;ﬂ‘!@if”@f’]é(mti“%‘tabP%‘agét/“ about  89%

sequence saf‘l@ﬁdetﬂentliﬁ? ' Rbf RERESBIMN1¥sPibouf 0% BiRtle A0S SR AREE
identity, nor e ‘2@ erably at [I'east about 91% Sequence | ntl'é)/ yet

nore priéf erpaﬂﬁfgblhﬁt gbo 198 Sm@a@&‘ad@t mpmfmaby ﬂyéflastr?bp'é %5 ferably
at least a about
94% sequence’l gﬁii{&@@g%p@%nﬁ pré’yaétrla { eag{l‘ﬁhﬁg 0)'esequence 30

identity, \pedferahly et leasthbon9BY% aaquehemﬁentﬂih(wt m@ﬁ%rsfeqhbmtéeastcbbnw%% yet nore

preferably a?ngno acid sequence identity to the amino acid sequence as shown in SEQ ID NOS:10,

81, 83, 85, or 87.

20 A “variant” in reference to a polynucleotide is intended to refer o an pucleic acid
molecule having at least about 75% nucleic acid sequence identity with a polynuclectide
sequence of the present invention. Ordinarily, a polynucleotide variant will have at least
about 75% nucleic acid sequence identity, more preferably at least about 80% nucleic
acid sequence identity, yet more preferably at least about 81% nucleic acid sequence

25  identity, yet more preferably at least about 82% nucleic acid sequence identity, yet more
preferably at least about 83% nucleic acid sequence identity, yet more preferably at least
about 84% nucleic acid sequence identity, yet more preferably at least about 85% nucleic
acid sequence identity, yet more preferably at least about 86% nucleic acid sequence
identity, yet more preferably at least about 87% nucleic acid sequence identity, yet more

30  preferably at least about 88% nucleic acid sequence identity, yet more preferably at least

about 89% nucleic acid sequence identity, yet more preferably at least about 90% nucleic
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| east about 97% sequence identity, yet nore preferably at |east about 98%
sequence 53 identity, yet nore preferably at | east about 99% am no acid
sequence identity to the am no acid sequence as shown in SEQ ID NCS: 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 70% am no acid sequence
identity, preferably at |east about 75% sequence identity, yet nore 5
preferably at |east about 80% sequence identity, yet nore preferably at

| east about 81% sequence identity yet, nore preferably at |east about 82%
sequence identity, yet nore preferably at |east about 83% sequence
identity, yeid seaneaceidentity,aystynore prefershly ablvatt a8avt, 9186 qudeic ciddenuants . yet

nore preferabl 9 I: ' nRr referably
at | east aﬁ%glfl%8g%%rieq€eneg%?f%te1§%}/%@,%@%‘%@%‘?g tr"né%ﬁé/mé ’?eetggotre about 87%
10 sequenc erdfetebly it past glaut 830 ermpleis facid abjugncatiddntins yetathas prafiblg eidemsnc e
identity, yet [, e referably at |east about .89% sequence, identity, yet
nmor e preferag%‘ftggétmfﬂglgsafﬁgﬁ‘i#%%h morgggrefea%ﬁ ?tﬁ St 3popt ?E““?ﬁ‘%ferabl y
at | easts ahoidtsefiiios Remt@nCaet inflR8 iprdfdtably @t leaRrabout¥6% aaelbik Yacll sey@nsd about
92/ a sequenigl_i entity, yet nore {)referabl at | east about 93% sequence
oV S TP

identity, ¥ ¥/atdgast ahout 97zp pipleinenid segyencaddentifeyt oy yet nore

15 pref er alyferdbly hERst R0 Y8% Inefere 6/ SBfRnde 48y, Yot niGE R fl EQEgY ably at
| east abou?lr%% ysequ_e?nce i dent | t_ép yet mfe@grte%g?aplypat egst agout 97%
sequence i dbenti9P%h nuglsic apid sequesice fidantily Withaa npveh secieip acid sopnesedissinsed
identity, yel.nore preferably at |east about 99% am no acid sequence

.

identity to the ami no acid sequence as shown in SEQ I D NCS: 10, 81, 83, 85,
or 87. A " vak] Sl &-E%e . L 2ot | IS, intended to refer
to an n@gl eic a(i:r! g’g}hﬁgl%gca&ﬁ’fg av%hg}ﬁegtlé‘ieggdg%g%ﬁ Afg'?ﬁ%lgsclt%aﬁghaggi% sequence
i dentity wipefvertagzoiflidentityeiot ancentibsdygefathe emvedtionher pr ssidody that eoniprizes. a
Odinarily, a | ynucl got i de var.i.ant .w | l. .have.at | ut % nucl ei ¢
acid seque%ﬁ%&%ﬂﬂﬁ%ﬁ?%’"pﬁ%@ﬁbﬁfﬂ@? BEe ﬁéﬁgﬁ’mﬁl(ﬁ?@ acid
sequence izgeg%ﬂ thyt, matpmagabei@ﬁﬁblw&eﬂeﬂmﬁl in ﬁbi@blg rgé%égk}iéheblliai@d d 4
sequence i.dentity, yet preferably aj | east  about o hucl ei ¢ aci
sequence i d’é’ﬁ‘gﬁ‘f V&“’é’eﬁ &%F’re@ﬁ%%eqtg[ﬁ{}l A Of the Spventing, as showm g Examinle aci d
sequency | d@hedelnyand Bt preferably at | east about 84% nucleic acid

sequence identity, yet nore preferably at |east about 85%nucleic acid

sequence i denti kycertdfil enBoiAndRiC HR iFRInHorPprotidssin RbBE HERYA ArfHo8Y thapCi d
sequence

specifically binds nerve growth factor and comprises a heavy chain and a light chain,
wherein the heavy chain comprises a heavy chain variable region comprising an amino
acid sequence that is: at least 70% or 75% identical to the amino acid sequence as set
20 forth in SEQ ID NO: 10, or an antigen-binding or an immunologically fiumctional
immunoglobulin fragment thereof; at least 70%, 80%, 85%, or 95% homologous to the
amino acid sequence as set forth in SEQ ID NO: 81, or an antigen-binding or an
immunologically functional immunoglobulin fragment thereof; at least 70%, 80%, 85%,
or 95% identical to the amino acid sequence as set forth in SEQ ID NO: 83, or an
25  antigen-binding or an immunologically functional immunoglobulin fragment thereof; at
least 75%, 80%, or 85% identical to the amino acid sequence as set forth in SEQ ID NO:
85, or an antigen-binding or an immunologically functional immunoglobulin fragment
thereof: at least, 70%, 75%, or 80% identical to the amino acid sequence as set forth in
SEQ ID NO: 87, or an antigen-binding or an immunologically functional
30  immunoglobulin fragment thereof; at least 56% identical to the amino acid sequence as
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identity, yet nore preferably at |east about 87% nucleic acid sequence
identity, yet nore 30 preferably at | east about 88% nucleic acid sequence
identity, yet nore preferably at | east about 89% nucl eic acid sequence
identity, yet nore preferably at | east about 90% nucleic 54 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 ei c acid sequence
identity, yet nore preferably at |east about 95% nucleic 5 acid sequence

i dentity, settforthrie SEQeH2NEDI %P, at ah evkigendibuling @6 mmunsiogically durstionsknce

identity, yet n | east about 97% nucl ei ¢ aci d sequence
identity, yet n &“H'%Ia er al%l%/ef/e%gt Ieast about 98% nucl ei ¢ aci d sequence

I dentity, yef re a abo 012446! acl.d.s ence
Identity with gﬁh%&‘ nuc?ﬁ?éétsa?:hledﬁ Ldaﬁ atlég h%*?gﬂ g‘Pthb od g%Fn

particul ar specificdilyrbinds nemh@,rdwthé‘mmdmbmﬁnﬁea hi:ﬂtry Hedn esd & hight dhaine a
percent gge qf i dent, t,o an anti of the_ invention, or an antibody that
conpri sgs a“%1 %E‘éﬁyaﬁhﬂn\?ﬁmﬁ é?ﬁgﬂ%‘ihﬁ‘ﬁ"a‘éa § BIPR CPEPHPREAT aPRA%id gi on, a
CDR1, CDR2,se@lenSeldmt is: bfIghs®M0% NP%, 88%:, ar 9194 fRAicaDe ﬂaﬁﬁ@%lﬂﬁﬁu&&cﬂs heavy
chain variable region, a_light chain_ variable region, a CDRL, CDR2, or CDR3

regi on of tseeforthvBiBEGP N~ Lhenan pptigerbinding o1 mgnynslogically fenchionglir es 5- 10.
[0 certai n iEERAKIRR faghl e 1R Y0NS o0, Bl £ WTADLAN | body

that speci y bl ndS nerve growt actor and conprises a heavy chain and
a light chabquencwmeﬂcbfonhtmél?ﬁem/ﬁoc B8 or ancmpigénsnding bran/immgrmiagioaly i abl e

regi on Go ) C 0 o 70% L1 75%

| dont 1 ol bl iARuABAA. Baled MERSE 10T s, Bavrbork @4 WA 10 or an
ant i gen- bi rtdlthagnmno acid iscqumoelaegctcfaﬂﬂhmsmmmwuﬂs onmmmrgglh-bindingr&rﬁﬁagrrent

t hereof ; at. | east (V 80! 85‘V or. %_honol cid
sequence aémgiélflslf’%‘ﬁ %’%ﬂﬁﬁgmgﬁ g"éﬁe“ﬁﬁ fﬂﬁ"%w %5‘2%

I mmunol ogi Galg97% {dentidai ﬂﬂﬂie mﬁmwaexelse@ehwasf mqmmn spereoNo: d, beast 70%
80% 85% or 95% i dentical to_ the am no aC| d sequence as set forth in SEQ

ID NO 83, agfgenrPinding, o anyiapuysologically G belanirrgment, Heteot #h|
| muNogisobykdsivzdor, BE 9% 1M fentidhl to hﬁ%ﬁﬁnoa%l@semm{ee Blseiotth idgiy igal to the

am no aci d sequerice as set forth in SEQ
NO: 90, or an antigen-binding or an mununologlcally functional immunoglobulin

fragment thereof; at least 70%, 85%, 90%, 95%, or 99% identical to the amino acid
sequence as set forth in SEQ ID NO: 91, or an antigen-binding or an immunologicaily
functional immunoglobulin fragment thereof; at least 70%, 80%, 90%, 95%, or 96%
20 identical to the amino acid sequence as set forth in SEQ ID NO: 82, or an antigen-binding

or an immunologically functional immunoglobulin fragment thereof; at least 70%, 85%,
90%, 95%, 98%, or 99% identical to the amino acid sequence as set forth in SEQ ID NO:
84, or an antigen-binding or an immunologically functional immunoglobulin fragment
thereof: or at least 70%, 85%, 90%, 95%, 98%, or 99% identical to the amino acid

25  sequence as set forth in SEQ ID NO: 86, or an antigen-binding or an immunologically
functional immunoglobulin fragment thereof.

In certain other embodiments, the invention provides an isclated human antibody
that specifically binds nerve growth factor and comprises a human heavy chain CDRI,
wherein the heavy chain CDR1 is an amino acid sequence that is at least 40% or 60%

30  identical to the amino acid sequence as set forth in SEQ ID NO: 98, SEQ ID NO: 105,

56



85, or an antigen-binding or an i munol ogically functional inmunogl obulin
fragnment thereof; at least, 70% 75% or SO0% identical to the amno acid
sequence as set forth in SEQ ID NO 87, or an antigen-binding or an

i mmunol ogi cal Iy functional 30 inmunogl obulin fragnent thereof; at |east 56%
identical to the amno acid sequence as 55 set forth in SEQ 1D NO 79, or
an antigen-binding or an i munol ogically functional imunoglobulin fragnent
thereof. In certain enbodi nents, the invention provides an isolated hunman
anti body that specifically binds nerve growh factor and conprises a heavy
chain and a light chain, 5 wherein the Iight chain conprises a light chain

vari abl e r 8§ MpﬂosphéEQnﬂhmgza@ﬂmmbmrﬁtm nmupplogisally  70%
75% 80% %ncggxﬁlhﬁ:ﬁﬂﬁdﬁfc% r%&%tﬁg;egp acid sequence as set forth in SEQ

ID NO 12 or an ah or an I nmmunol ogically functional

i mmunogl obul i n - 8 to the
am no acid seq%nc?%bi%iér&g %&F#@E%&?‘é%é&" %ﬁte&)hmgn arﬂii’ %& |nd| ng or
anol m’ru(r)lol csge;)mﬁnla]ly bh?lsfnemat gowtt factmmdgionipnbesm ﬂmagmhn&vyt tmire GDR2at | east
SEQ 1 D Ror stertbe ey FRECIE! i af Rg el A Rn R S BAN PR dn onal
I munog| obudbaidéndtizeln® filie dnhies e seqabnce afsdt for@in SHYID 815)2/(99 (ﬂl’an&ﬂﬁ’gdndent i cal

to the am oaC|d sequence as.s forth in SE i
ant i gen- bi WH?@?\%?% tf’:“é‘?“l"?“lf‘mﬁ'ﬁ’en%‘qﬁ‘llml f‘ﬁﬁ?‘r‘ﬂ iﬂ%?b??f’l *ﬁ lF3shgment

thereof at 7 ér%% 2% 8706 an%ﬂg/(hclﬂ’ﬁquénéb a6 8 b BAdn SEQ) Hj‘ﬁoa'ih@%r ggi d

sequence as set forth in SEQ an antlgen bi ndi ng or an

| munol ogi @ngmﬁmmwbgmmm rroupeglebulinBagmesnt thareof atist  70%
0, f h
85% 90f qgafe 5% idehitdl 46 e fiftho glagts&g;eac!@ L i Sehnforth in

SEQ | or an antigen an 1 nmunol o f'uhct I onal
i munog| obwhﬁgenfbuwgmgammthmmfogwalﬂy mmmmg%ulﬁﬂ%gn&ﬁ%hmpf 6% 20

denti cal t farth.

ant 1 gen bi rE°hAT SYena 6, AR RS Beienel ah el id BRGIBABLLE 8°F) agrent

t her eof ; atanhma-hndlﬁg%,nr ﬂﬁﬂbmurﬁlb‘g@ca]%ﬁﬁnctﬁﬂ% mmmnﬁ@l%ulﬂﬂﬁﬁgmbﬁi thexeof, lne am no
d | D, NO, t -

ol 0g1 GRS 7T AP RO OB FiaHEee St S6 BOEGY | cast

70% 850% 430 1915%r ﬂg%ug%ﬁ-b&ﬂ%)g' 6Bt iimalnbiogitdly AmtMMaPEhelurRIsbeRrence as

set forth in SEQ |D NO or an antigen-binding or an immnol ogically
fragment thereof.

In yet other embodiments, the invention provides an isolated human antibody that
gpecifically binds nerve growth factor and comprises a human light chain CDR1, wherein
the CDR1 is an amino acid sequence that is: at least 70% or 80% identical to the amino

20 acid sequence as set forth in SEQ ID NO: 101, or an anfigen-binding or an
immunologically functional immunoglobulin fragment thereof; at least 70%, 75%, 80%
or 90% identical to the amino acid sequence as set forth in SEQ ID NO: 95, or an
antigen-binding or an immunologically functional immunoglobulin fragment thereof; at
least 75%, 80%, or 90% identical to the amino acid sequence as set forth in SEQ ID NO:

25 119, or an antigen-binding or an irmmunologically functional immunoglobulin fragment
thereof; at least 75%, 80%, or 90% identical to the amino acid sequence as set forth in
SEQ ID NO: 122, or an antigen-binding or an immunologically functional
immunoglobulin fragment thereof; at least 80% identical to the amino acid sequence as
set forth in SEQ ID NO: 125, or an antigen-binding or an immunologically functional

30 immunoglobulin fragment thereof; at least 75%, 80%, or 90% identical to the amino acid
sequence as set forth in SEQ ID NO: 24, or an antigen-binding or an immunologically

7



functional immnogl obulin fragnent thereof. In certain other enbodi nents,
the invention provides an isolated human anti body that specifically binds
nerve growth factor and conprises a human heavy chain CDRI, wherein the
heavy chain CDRL is an am no acid sequence that is at |east 40% or 60% 30
Identical to the amno acid sequence as set forth in SEQID NO 98, SEQ ID
NGO 105, 56 SEQ ID NO 110, or SEQ ID NGO 22, or an antigen-binding or an
i mmunol ogi cally functional i mrunoglobulin fragnment thereof. In other
enbodi nents, the invention provides an isolated human anti body t hat
specifically binds nerve growh factor and conpri ses a human heavy chain
CDR2, 5 wifenctipmml irheuiegtobplin fiagmerCiieR:of;at kastJ0Viw 8804 demiglue figaaniih@t i S: at
| east 70% é%g or 94% i de tlcal t&B }N%g] aC| d sequence_as set forth in
SEQ ID NO. % e@?’e”é’ﬁ ﬁgnf'?tg n19mPn 87 cEe-Pipding ¥t B nal

i mmunog| Obuinhﬂmilégw@nmnéﬁmmeiﬁﬁnma obitia Stagméfhereof! @Y ui ReAt0%Abr 49, t he ami no
acid sequence 3‘3 set forth in SEQ ID NO, 106, or _an_antigen-binding or an

i munol ogi dggRfisa! e ke ?‘B’H&Ia"%dfﬁ?ﬂ‘l‘ﬁﬁ? ahtst ifortly F’aﬁﬁ'@r@ Iﬂﬂeil@;fw agtantigent east 59%

i denti cal tndirdpor A iHANARSEHoaHG RURAGRI AR oinsmqt £ NO 18, or an
ant i gen-bi nding or an 1 nmunol 6gically functiona |nnunoglobulln f ragment

thereof; at | eashadfiohal BRBIdimBlLs, liRe REntRA fﬁ@m@ég'£1§a&y@ﬂfﬁa@%ngﬁforth in

SEQ I'D NO 117, or an antigen-binding or i mrunol ogl ca onal
i munog| obuhﬂtrﬁptfclﬁﬁglbhmds tmewecgfl'owtbrfacﬁatanﬂ@ampn%%hlﬂwlmhtm R i cal to

the amno g far

ant i gen- bi n@e%é[?@'rg@r%&ﬁ%%ﬁﬁ% %aﬁcaweﬁ%}ln%gg ong?é?%ﬁ%iﬁlé%eﬂﬁ?ﬂﬂpo ‘P? agnent

thereof . | rempmdt acid hequeﬁdsd)mmem’oﬂls,m SEQ I RNt 102N op & \eofiged-tawlings of a ed human

?_nt Ih?Od ttr}at gem!i %1’ ¥l?lb.l nds el?rul‘.gaﬁ%r owt Etbéa %r]g%gq%%dgppégg a human
ig c ai rmEHER HB"“E%?@ gt i s:

| east 70% afe &Qﬂibladﬁmeqﬁ@be ta@sétherﬂam SEQZD RO! 96,50 UHeHEBeraBindifig of @ L H | n SEQ

| D NO 101, or an .ant |n€§n- bi ndi ng ar i munol g&é cal | funct I onal

i munogl| obummmelegigiy-fmetioasldaynunggloly B@‘STPG% ef dotisal dent i cal to
the amno agd Qnﬁg%,'ﬁ%&ueﬁée §§3§et ff&fhtﬂ S8 BFRJ:Q20Qr Boant En ﬁiﬁtl'hn% of an L gment

anti gen-bindi ng or. an imunol ogi cal |y functional i muaogl obu
t her eof ; atlmmugdgglcaib%mgwml immugoglphudio ragment theyeafhat lagst ﬂ@)%a@ﬁn!;lcaéé‘quence as

set for f5h | e atfriro Iaad'\égqumce as set forth in SEQ ID NO: 123, or an antigen-binding or an
immunologically functional immunoglobulin fragment thereof, at least 70% or 85%

identical to the amino acid sequence as set forth in SEQ ID NO: 126, or an antigen-
binding or an immunologically functional immunoglobulin fragment thereof; at least 70%
or 85% identical to the amino acid sequence as set forth in SEQ ID NO: 129, or an

20  antigen-binding or an immunologically functional immunoglobulin fragment thereof; at
least 70% identical to the amino acid sequence as set forth in SEQ ID NO: 20, or an
antigen-binding or an immunologically functional immunoglobulin fragment thereof; at
least 70% or 85% identical to the amino acid sequence as set forth in SEQ ID NO: 108,
or an antigen-binding or an immunologicaily functional immunoglobulin fragment

25  thereof: at least 70% identical to the amino acid sequence as set forth in SEQ ID NO:
133, or an antigen-binding or an immunologically functional immunoglobulin fragment
thereof: or at least 70% or 85% identical to the amino acid sequence as set forth in SEQ
ID NO: 114, or an antigen-binding or an immunologically functional immunoglobulin
fragment thereof.

30 In other embodiments, the invention provides an isolated human antibody that
specifically binds nerve growth factor and comprises a human light chain CDR3, wherein
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25 119, or an antigen binding or an inmunol ogically functional

I mmunogl obulin fragment thereof; at |east 75% 80% or 90%identical to the
am no acid sequence as set forth in SEQ ID NO 122, or an anti gen-binding
or an imunol ogically functional inmunoglobulin fragment thereof; at |east
80% identical to the am no acid sequence as set forth in SEQ ID NO 125, or
an antigen-binding or an i nmmunol ogically functional 30 i nmmogl obulin
fragnent thereof; at |east 75% 80% or 90%identical to the am no acid
sequence as set forth in SEQ ID NO 24, or an antigen-binding or an

i mrunol ogi cal | 57 functional imunoglobulin fragment thereof; at |east 70%
or 80% i detths s amEne pridh sequensie dhas &x) atddnast 784 oF 83 %fidentinalite tlEEG@Ida) NO;

107, or an t] =bi ndi.ng ' n gjdzal 1,y i1 -] ogl obul i n
f ragment the?e%)eg;ﬁ&(g? i{agt g%ieg?g'?] %‘%Eoi go&l)d‘)i ici(feihtdlrcfé[} Ua?lgé‘%%%elﬁ%m% %ugallci d
sequence asmsptolégically functi®he) nBnidOglobdld) fregmenh thentdfpeinleast M%hdicr 8§%or an

I mmunol ogi cal |. cti.onal..i mmunogl obul j.n .dhereof . 1 n.additional
erboa mont it HCtm @ Bria s ads 2 forUn SERIETN: St iR

?:geRgl, i \?ﬁlalr?yi n hedé%{lgzmjilgﬁén anli no gglfmgéﬁgﬁﬁflmfiof?ti S: at% dlng;g? ct;g:%nor
85% i dent i ddgmtigad tq fe amipe é&ﬁ%ﬂ%%@ﬁg‘gmég@&%?éﬁhl% OBEMAPYEER, 102, or
an ant i gen-piidafdiontn Rimadloail riaDinflnb oG eRieAl thirBERRAELCRY] | N

fragment thereof; at |east 7Qg/oic_ientical t6 the am no and’ sequence as set
forth in SEQ7BY Wenticalgto the aminoagnid espictise mdisetgfosh 1w SEQ NI ¥di emd v

functional L& n%bdlll ' r]mfn¥ s - 78%0 | @E:‘:S L. to the
am no acid agg%yd%ﬁgke as al%Jet %E{E?EIBI# %E%?D?% @m&%@@gﬁaﬁieﬁﬁ [ geﬁ%i ndi ng or
an i nmifnolleagi & o1y73 4 iienticahtd the amineagidebylience dsrsatgfiosthtin SEQIIBAO: BO, | east 70%
identical to 15 th m.no acid .sequence .as.set forth in.SEQ 1A NO 123, or
an anti gen-%i%d?‘ilhég%rgmg]ﬁg ?rnﬁﬁﬂgﬁng"é‘ﬁgélc*f@ Pﬁlﬁ% nlagﬁ‘é' o ?ﬁ‘}fsﬁ%l @Welnh f ragment
t her eof ; atthdréndsdt 1686908 0r8%8% idential fodkd aniifio hdié seqtnte as eét dordei)EBCE as set
forth in SEQ U _NO 126, or .an antigen- binding or an inmunol ogically

f unct i onal todl &% Pofigenrhindipg fr ghé‘?’é‘ﬂ‘f‘fb @Y&?“W/&me%ent i cal

to the am mapgachidhet QAL MAS 7Y §:F5% erdtital 1 thelRidd el IeqietiBe asiet Rofth A

ant i gen-bi ndi ng _or._an imrunol ogi cal Iy functional i mmunogl obul in fragnment

t her eof!S atSEQ eBstNQ0A0%d ettt i20a antigsnipndingi a0 amcimuntipaasally Amcdemal forth in
SEQ I D NO joBwm@iotilin faRhea SRer i tN&t 188t P¥% ddendidAIY AL QGRAdd seiidted honal
I mmunogl obul'I'n fragnment "t her eof ;" at

set forth in SEQ ID NO: 134, or an antigen-binding or an immunologically functional

immunoglobulin fragment thereof; or at least 85% identical to the amino acid sequence as
set forth in SEQ ID NO: 1135, or an antigen-binding or an immunologically functional
20  immunoglobulin fragment thereof.

The sequences of the 4D4 antibody heavy chain and light chain variable regions
are shown in SEQ ID NOS: 10 and 12, respectively. However, many of the potential
CDR-contact residues are amenable to substitution by other amino acids and still allow
the antibody to retain substantial affinity for the antigen. Likewise, many of the

25  framework residues not in contact with the CDRs in the heavy and light chains can
accommodate substitutions of amino acids from the corresponding positions from other
human antibodies, by human consensus amino acids, or from other mouse antibodies,
without significant loss of the affinity or non-immunogenicity of the human antibody.
Selection of various alternative amino acids may be used to produce versions of the

30  disclosed anti-NGF antibodies and fragments thereof that have varying combinations of
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| east 70% or 85% i dentical to the am no acid sequence as set forth in SEQ ID
NO. 108, or an antigen-binding or an i nmunol ogically functi onal

i mmunogl obul in fragment 25 thereof; at |east 70%identical to the amino acid
sequence as set forth in SEQ ID NO 133, or an antigen-binding or an

I mmunol ogi cal |y functional inmmunogl obulin fragnent thereof; or at |east 70%
or 85%identical to the am no acid sequence as set forth in SEQ ID NO 114,
or an antigen-binding or an i munol ogically functional inmunoglobulin
fragment thereof. 30 In other enbodi nents, the invention provides an

| sol ated human anti body that specifically binds nerve gromh factor and
conpri ses affnityaspecifigity, oprimmUBRENCH,cass 0f mufan@recmg ¢theradesgrableo aci d
sequence tq%gp i‘ﬁg at least 70% or 85% i dentical to the amno acid seguence
as set forth™n SEQ ID NO 103, or an antigen-binding or an inmmunol ogically
functional i mmunpo bul | nt,_t.her eofe., at 70% Qr % 1denti cal
to the am no ac %%&%ﬁ%%ﬂé@%@, ap%?qﬁesioﬁ ﬂ@éb"%"%% 837%’8’5?5 % n ccﬁi

ant i gen- bi riies @ther dlianahybiidoma cleBdlimeal | In fhegec tmbodithentsmesqepbabetcoding r agnent

thereof ;. at | east 70%.0or 78% i ntic to. the amno acid seguence as set
T ROl i3 Sioeytichan ppbggics cap e used R eoboration oF o YRS SlmiaRERENEG, 2o
functi onal Admdmggioofhuéei embodagerts) tranffof@diba cah beerBieved Wsing any &ifoweent i cal

to the am no acid sequence as set forth _in SEQ ID NO_ 127, or an .
ant i gen- bi rferthes for intreducigRRPERratides Piora fiosh GeBriasludingnitrsgrmpla prrkeginagnent
thereof ; atméﬁoéﬁiéﬁbti%eg?(%qfimzWhﬁ%%a?%ct&?ﬁd%&ﬁbﬁ@_a%%eﬁ%ﬂ?ﬂ?e as set

forth in SEQ or an antigen-binding or an’i munol ogically
functi onal vins{erogbton Wi bl tepsieption procedvessdabwn &n the adtsas exgorpified/BeAiSdent i cal
to the ' L SRp[ushaC t y ' . 1,0 n

ant i genfdbr} %’?\‘lgbsgr ,an}iﬁ%%gﬁ%@?&%@sﬁkpﬁﬂ& li?"g%t#gi %’ﬂuq?\foéﬁlgguf{rle ﬁm}w agment
t her eof ; atintdosgsited Gidbedr b S¢ferahentipc ahy tporpoks. aﬁiemalbcitﬂc; deqsformetions set

forth in 15 SEQ I D NO 109, or an,antigep-bi ndi ng. o n .i ologically
et onal  RORRNGAR B fepppLbpEne B ERs Rhitforiiga, O bieBlbek RERAERET, Y e
am no aci d lkegleiasps gnucketidds ditb hammabin 2ellDatdGrell kddwn a1 theirt aid in@ede; bi ndi ng
or an i munol ogi cal ]y functional i nogl obul i p.fragnent thereof; or at

| east 85% i Wet ’Ef%ilhﬂ_%;@d_ttﬁe eéﬁ?‘ifﬁle‘_éﬂeﬁggu PREiAReCAdIm PEOSPRRE PRSI, | D NO!
115, orpsan Rnhkae Rndaiatdi Rgsfestio prlofplAROAEH, GRlctripokdHRf] dreRAblatigDof the

i mrunogl obul i'n fragment thereof. L _ .
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
chain variable region of an NGF antibody of the invention is inserted into an appropriate

20  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 expression vector. The
vector is typically selected to be functional in the particular host cell employed (i.e., the
vector is compatible with the host cell machinery such that amplification of the gene

25  and/or expression of the gene can occur). For a review of expression vectors, see METH.
ENZ. 185 (Goeddel, ed.), 1990, Academic Press.

Typically, expression vectors used in any of the host cells will contain sequences
for plasmid maintenance and for cloning and expression of exogenous nucleotide
sequences. Such sequences, collectively referred to as “flanking sequences™ in certain

30  embodiments will typically include one or more of the following nucleotide sequences: a
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The sequences of the 4D4 anti body heavy chain and |ight chain variable
regions are shown in SEQ ID NOS: 10 and 12, respectively. However, many of
the potential CDR-contact residues are anenable to substitution by other
amno acids and still allow the antibody to retain substantial affinity for
the antigen. Likew se, many of the 25 framework residues not in contact with
the CDRs in the heavy and |ight chains can accomobdate substitutions of

am no acids fromthe correspondi ng positions fromother human anti bodies,
by human consensus am no acids, or from other nouse antibodies, wthout
significant |loss of the affinity or non-inmunogenicity of the human

anti body. pBehaser; png oninova elEneST EqUERaest dnv erigimiofi gepdicitibn, Aexanfreipticatl t o
produce ver,gsi 30.di i - NGE .ant i hodi es,and fragnments

Pher eof ¢ hAtmiATar begbifsFeoipble 361 sRkice bfifipt - 430Ky 58 Bepibl BRES

non- i NMUNOo@ite)iaGedquenceamsaling a kaderifequdnse for palypepdidé sueretien iarritobane findiper ti es. I n

alternative_enbodj nents,. anti bodi es of..the I nvepti,on can, be expressed in
cell i neéltﬁt%é’Piyf‘n%ﬁ'ﬁﬁH%P?@S’?ﬁ’ Ee?"l?ylﬁ‘ﬁe?gmf‘npc’f H@@“&%B(ﬂ“ﬁ%ﬁt ‘é‘?‘fsequences
encodi NG 2nflidy Gb|palypatide k6 Bk espreatd, had usetbchaBle hiRisdandRt iR of a

sui tabl e mammal i an host_cell. According to these enbodi nents, transformation
can be achiteeseeequencas discustedROW. met hod for i ntroduci ng pol ynucl eoti des into
a host cell, including, for exanple packaging the polynucleotide in a virus

(or into a viraPprtewllys theyeclor SRV FONMR 2 NBsT-ercoiingypegenche Leyi fus (or

vector) or r ect p A0 i t i X i1 ed by
U'S. 10 Pat‘}.ﬁg?\'l{élg. 4%38%’?%%8, f°§€t§g%{ 3%%@4&%0%%2& fHe | amfPROE” %’@u&‘%ll of

whi ch are hetypbptideicodipg pequenes theeplégonudigotide fsequemscentcades polyHiu(suds e .

Gener al Jy, ;Lhes:tr anst or I» r d nay . end.upon the. host to be
t ransf oﬂr%&“a%%)h% SO Srrnﬁf;%tsru%h ucﬁ%\gqﬁ%fh (Laér%%f;'g ;"dUé’ﬂg‘%TZWHE%e%‘i’f’%fef Tinto
mamal i an odiidls camnmencially denibable mmtiboties arist, arthis gl isdeypicalbutfusad éorthé | i mi t ed
to, dextran-pediated transfecti.qn al cl. um phosphat e preci pitatji.on, 15

ol ybr sne. MEHPERE PP SERBIOn G DPRSE R P G0 Ve 15 DR o AFh,

encapsul at igpfifigdioh e detBé@loyifcheeNGR d@fibodyi fronh iHROmeNRE, Affiditdlpifidation

m croi njection of the into nugl ei. A nucleic acid nol ecul e encoding the

ani no aci d ‘degaasrompthed, e SxAmpla, a7 oluep reromosraply YHng anthodis agangt n
vari abl g r%%&hmyﬁ@. OB e i Ubsclently bl BHoved Bathyar | abl €

regi on of an anti body t inventionh Is inserted into an appropriate
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

20  strain), hybrid (i.e., a combination of flanking sequences from more than 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 Flanking sequences useful in the vectors of this invention may be obtained by any
of several methods well known in the art. Typically, flanking sequences useful herein
will have been previously identified by mapping and/or by resiriction endonuclease
digestion and can thus be isolated from the proper tissue source using the appropriate

restriction endonucleases. In some cases, the full nucleotide sequence of a flanking
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20 expression vector using standard ligation techniques. In a preferred
enbodi nent, the anti-NG- anti body heavy chain or |ight chain constant
region is appended to the C term nus of the appropriate variable region and
is ligated into an expression vector. The vector is typically selected to
be functional in the particular host cell enployed (i.e., the wvector is
conpati ble with the host cell machinery such that anplification of the gene
25 and/ or expression of the gene can occur). Fora review of expression
vectors, see METH ENZ. 185 (Goeddel, ed.), 1990, Acadenmi c Press.

Typically, expression vectors used in any of the host cells will contain
sequences spgiengs| mayrbel knewmt dlvzendie Bandingosequgnomimay berrmibssiged Isingrthof

exogenous %%99&ésgﬁbed%%%e@g.ﬁ‘?,d%‘g%g%@%?&n%ﬁf&&ﬁéOl | ectively referred to as

"flanki ng sequences” 1n cer S | typically include one or

nore of the fol ] I i oy r osmt er ne of nore
enhancer sequeng@\sé@%gﬁﬂg’&i%%agﬁfogp: itci]aﬁfaglﬁgg asg{q‘reg slgﬂfnﬁﬂ]’o%aqmy {’%r m nati on
sequence, abzowpluging polyhretase sieinieacten {BOR pand/ordbyascebeniag agenbmic dibfnpr splice
site, a sequence,encodin | eader s ence, fo ol ypepti de secretion, a

ri bosoms';S bﬁ'ﬂ '%sé“tglg?i"é’, e%ﬂ%&ﬁﬁaa@wﬁ%@ﬁ@éﬂ ,8)4%“8%%"’8%&%&%@ on for
inserting tyxesafieCdrahetherCipdeis. eWaas it ldnking RejusiRl hetbado¥npe fitgridnesged, and a
sel ect abl e marker e] enent. Each of these seauences is discussed bel ow.

Opt i onal | y, DN &oqfpigng a RERHUESE Way peisolated finm A dparga uces ©E DNA that 5
ol i gonucl eqhdyd@nfi, ?&Lgxﬁm*aﬁgﬁ%@cﬁuﬁeqﬁéﬁ@e or eveh aRoth Obr gé}ﬁs.aﬁbiaﬁgfg:

antibody pol'ypeptide codlng sequence; the oligonucleotide sequence encodes
pol yHi s ( sudy esacaammlished-btestrigtionagrdenveleasetdigpstion iolpreduce tha@ropanDNA

(hemagl Y4 i nd.n...L.of |, I . Or -NVC, iﬁg-rameri | by | | abl e
ant i bod%sr%a%“gﬂ. lf#‘ﬁ’%’atg &Z& ofpiu%a K E%e%ypto ]%e bo 5 ept‘f’zJ € upon
expr essi on chfontatograpby Y@imdwrctih, CANdbr other methuds epwa toslensilfedrartishf.i The y
purificatio r detection of the NG-.antibody fr t he..host cell. Affinity
buri 11 cat i dftecton i sEaRl reinrec deromplit e dioes i e BRI ARHF B IRPBGr aphy
usi ng anti hfdidmragdl fighe 4h the tag as an affinity matrix. Optionally, the
tag can subsequently be renoved fromthe purified anti-NG- anti body

pf)l yEept kl e by mrdriguﬁ%ﬂfegﬁﬁsﬁc?u@hrp&sllmiadmof?m&e@fdﬁm'yﬁﬁmﬁpde’sﬁeﬁv&wm g} eavage.
F ' i.e. '
Fl anki ng. sequencgs maybe hom) pAUS. (118 tneanahLiiS, SPIE SBECheS,and o

cell. If the vector of choice does not contain an origin of replication site, one may be

Q.

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 various viral origins (e.g.,
20 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).

A transcription termination sequence is typically located 3’ to the end of a

25  polypeptide coding region and serves to terminate transcription. Usually, & 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 even purchased
commercially as part of a vector, it can also be readily synthesized using methods for

nucleic acid synthesis such as those described herein.
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as the host cell), heterologous (i.e., froma species other than the host
cell species or 20 strain), hybrid (i.e., a conbination of flanking
sequences from nore than one source), synthetic or native. As such, the
source of a flanking sequence may be any prokaryotic or eukaryotic
organi sm any vertebrate or invertebrate organism or any plant, provided
that the flanking sequence is functional in, and can be activated by, the
host cell nachinery. 25 Flanki ng sequences useful in the vectors of this

i nvention may be obtained by any of several nethods well known in the art.
Typi cal ly, flankin? sequences useful herein w |l have been previously

i dentified by népicaigblamatisr gene eneedes » profeimnesergay den thasuviveliagd growdin and can
t hus be i sqlegt =D ik SRS Qe € TV a | at e
restrictioﬁkgh oﬁgéfggﬁgﬁgl%gag%ﬁ%ccase§F he Fﬁﬁkﬁ%ﬁ%pgé ﬁgéggé%%%nce of a
flanki ng Ghcsleguicinethat(s) benfknmvisiandeldo entitidtiss ot athki togins,oqg cnnmcitiiay be

synt hesi zed _usi th t hods _descri hed, her el | r.nucleic acid.synthesis
or cloni ng%%%‘? &r oglk'f‘ﬁ%wgln ci}. Bro cohosgfc g#%eé?I%W%Wﬁngéwgﬂ@ggi s known,
it may e defitiedcieecbiuhe ogl; el (Y supplyeeritibdinutriear alot @vailabIETiom ankipies oby

screening a, genom ¢ |ibrar w.th a _suitabl e probe such as an

ol i gonucl ed’(egﬂ?g Qﬁ@?‘org?%ﬁaac@iﬁm 8¢ myEIg RepiFtance 858, dke anot her
speci es. Wigk®.ili GredistaRK | dele, SRRAUMB GBtrdoFel RO LredifAHOD  gefle. | TR eoRlly, PNA
containing aflanking sequence may be isolated froma |arger piecCe of DNA
that rmay cispmgin residance enpeay alse 5giused dergerlastion dn bothe prakaoptiesndiene or
genes. | sol gl o0, HiB%eRE acconplished by restriction endonucl ease digestion
to produce the”proper DNA 10 fragnment followed by isolation using agarose

gel purjdicatio . A885H r%gpqﬂ t , or

ot her rrie({ hods knibglv(engstélo théeées%?ﬁéggwa‘%g@an. 2{%}%{# g@?&@\;\\%gf sfﬁslg:@ébl e
enzynes to Amwplificptionsiy theprecessimbersim geinds| thisare mauiiddyfonprodudtion of @ pontain  of
ordinary skilJl .in the.art. -An _Qriqgin repljcation. is,typically a.part of
Phose by okaryt B ERRREsen Mofly HeloubC R i fhulsting ¥ioRBrapes 3607 e

ori tgi n a} dSsrt:b@sﬂi\hégeﬁéfﬁlidnﬁ bﬁﬁt-itml_sinﬁft ctllke _Bt_ﬁﬁ}bleu’oﬂsﬁitzlﬁ:_l&wféctablbei_ﬁ![rked fort he ]
vect or of choice, does not .contain.an origin replication site, one nmay be
chenically @Wﬁ@gi"f 1%&9@&%2‘“’301%559&?08‘?(]%_“ &,a%&rﬂiOmP ‘FsédhX“Hthet he

Vect or . 19-0rkins3X géfies. EMahhRliA! dellithnfbrma@R lateGdde® Bndek SRABE pREMF W EE:GBR322 ( New

Engl and Bi ol abs, . . ]
only the transformants are uniquely adapted to survive by virtue of the selectable gene

=

~—d

"

present in the vector. Selection pressure is imposed by culturing the transformed cells
under conditions in which the concentration of selection agent in the medium is
successively increased, thereby leading to the amplification of both the sclectable gene

20 and the DNA that encodes another gene, such as an antibody that binds to NGF
polypeptide. As a result, increased quantities of a polypeptide such as an anti-NGF
antibody are synthesized from the amplified DNA.

A ribosome-binding site is usually necessary for translation injtiation of mRNA

and is characterized by a Shine-Dalgarno sequence (prokaryotes) or a Kozak sequence

25  (cukaryotes). The element is typically located 3’ to the promoter and 5’ to the coding
sequence of the polypeptide to be expressed.

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

30  particular signal peptide, or add pro-sequences, which also may affect glycosylation. The
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Beverly, MA) is suitable for nbost gram negative bacteria, and various viral
origins (e.qg., 20 Sv40, polyoma, adenovirus, vesicular stomatitus virus
(VSV), or papillomaviruses such as HPV or BPV) are useful for cloning
vectors in manmmalian cells. Cenerally, the origin of replication conponent
I's not needed for manmalian expression vectors (for exanple, the SVv40
originis often used only because it also contains the virus early
pronoter). A transcription termnation sequence is typically located 3' to
the end of a 25 pol ypeptide coding region and serves to termnate
transcription. Usually, a transcription termnation sequence in prokaryotic
cel I s is afifal@roteiplprdduatgnenbaveoinl thavedpdsifion (1elative 0 the Erptiemine. acidhifltiee t he
sequence i s _easily.cloned fro .liprary or, even purchased 0 rcially as
ot of a FaBR ki) 38 gkt Meioraliring =B A pRRI. MBI 1 o

nucl ei ¢ achet inysbénbiallgtentoved Fdragemple e fika rdicih productGRay’havelogebabl e

mar ker gene encodes.a pr.otein nec ssart\l( for,the survival _.and gromh of a
host cel | H%W°ﬁ°&ja?€1dﬁ??t#°9%£& JieRtdasg Flsaaser it @lfpehed te &b yRitAar ker
genes  €NCasRInAS Ol atechmtivdlft use F &ﬁefﬁm@a@h@mt@aﬁ%m@i@h's@i@h@ _other
toxins, e.g., anpicillin, tetracycline, or kananycin for prokaryctic host
cells; (b) %mw&ﬁ@hpfm%ﬁs%mlmpﬂ%ﬁf the cnamiss oS at prsh aaga withjn the) suppl y
critical n%‘ﬁ@;@peg%& avai l able from conpl ex or defined nedia. Preferred
sel ect abl e mar ker re the kananycin resistance gene, the anmpicillin

resi stance gen : : ' | : t ly, a
neonyci n resi s'?%’?@%glag% %lgélﬁgﬁés(cg&%g?ﬁéﬁ%@%@lﬁ@gr@%ﬁ%ﬁ%karyot I C
and eukar et isaedogsizedtel the host Grg@nikie and epesadiplidked irethe molmylelvecadingdhd 0 anplify

t he geng that wdl .be expressed. Angplifi.cation is e_process rein genes
t hat a:]g r %Nﬁgﬂ%‘lypﬁo u% PO Greap gtsgﬁlhmceé}?cta%gé?gfegw ‘3?-0% or cell
survival at stei éodombPa strurtiran@ea(gshérhllywithie abdut A0 SO g thad tiseOESi ve
generations of .recoQL}bti]nant C§‘1| | s. anpl es of suitable selectable rkers

for  manma PSR & the, SruchEal goR% g St Ao apTrRpaRAy ( e 9% Phnot er | ess

thynm di ne %o Mhdias tdgepe proriiériBnd cnstR@ive pronidiend OmABEbR pdifotétt Afee Under
sel ection pressure wherein only the transforni are uniquely adapted to

survive by RFrqapedeleptls of freaseriptinafpe PRAeundsr dsironfrel inEesRasee &t SO ect i on
pr essurlﬁel %hﬂngpﬂls&lﬂuﬁ%oﬁdfri&ﬂf %daﬂ a$ 118 pheséhes b4l e%r?ré hﬁme&%{ Qleh&fB tions in

whi ch t conCentration of selection agent in the lumi s
temperature. Constitutive promoters, on the other hand, uniformly transcribe gene to

which they are operably linked, that is, with little or no control over gene expression. A
large number of promoters, recognized by a variety of potential host cells, are well
known. A suitable promoter is operably linked to the DNA encoding heavy chain or light
20  chain comprising an anti-NGF antibody of the invention by removing the promoter from
the source DNA by restriction enzyme digestion and inserting the desired promoter

sequence into the vector.

Suitable promoters for use with yeast hosts are also well known in the art. Yeast

enhancers are advantageously used with yeast promoters. Suitable promoters for use with

25  mammalian host cells are well known and include, but ate 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, cytomegalovirus,
retroviruses, hepatitis-B virus and most preferably Simian Virus 40 (SV40). Other
suitable mammalian promoters include heterologous mammalian promoters, for example,

30  heat-shock promoters and the actin promoter.
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successively increased, thereby leading to the anplification of both the
sel ect abl e gene 20 and the DNA that encodes anot her gene, such as an

anti body that binds to NG polypeptide. As a result, increased quantities
of a polypeptide such as an anti-NG- antibody are synthesized fromthe
anplified DNA. A ribosone-binding site is usually necessary for translation
initiation of MRNA and is characterized by a Shi ne-Dal ganb sequence
(prokaryotes) or a Kozak sequence 25 (eukaryotes). The elenment is typically
located 3' to the promoter and 5 to the coding sequence of the polypeptide
to be expressed. to sone cases, such as where glycosylation is desired in a
eukaryotic hostAé@ﬁpmﬂémﬁwéggm&mhﬂﬁﬁbﬁpf@WE&ﬁmWhmﬁn Wuaremet timed e i ous pre-

or prosequergs Ve € nmay
alter the pept?ﬁ%@%bﬂpggvagéﬂ%¥%géo a ggm? ‘?E%UE%?&EF Fﬁpéﬁ?mgg or add
pro- sequeniﬂ@msmemi 49%o Prowey Natl. fdsed. C@Aﬁc(é?%éﬁ) ﬂ:eprdﬂmercﬁﬁtaﬁndaiﬂmprot ein
pr oduct ma the ﬁ)ﬂsda}c tive to ‘i dCS} 8 aci d of
Phe e ur & B8 Bermifhs fee of RBBESBlcBR v a1 & TR0, IRl 22k
g?gigfﬁﬁgphaﬁw HZve O'mamambfgb an?ﬁ%]??ﬂ%W?g&dﬂngg&?ﬁ n ﬁAfﬁge final
| y u i
pepti dase ﬁgag‘a‘a@y Wt“&?‘fﬁgﬂétﬂrﬁ sﬁq‘fel’i‘éesafm“hg‘e? iTHeF i vel y,
use of songy BNZED, nﬁ@@@eﬁs@sﬂi}e@dw@lp&m&a@ sﬁéu ghﬁlbybetansd&{m&th teﬁ form
such area within the

of the desired po Pe ti if the enzyne cuts at
mature pol wtmfy eRamerstict AIE. BTt Nt Ared 4.4 ST TRB TS et Be w1 |
typically mﬁmateﬁt(géﬁum%z fd%@tp}aé fv&@oaaau2§é# 8% A4 h%egpiﬂ O%Q@%ksm and

operably linked to e nol ecll € encod ing th 10 anti
Pronot éils dnterestrare ahm&ﬂiom mde@mﬂhecﬁtoedﬂdpwwamlﬁqh exbabnsh;sueo t he

That  cont r APty SRRk R wBERFRARIEEEahall  ceRAR foad publpgdR® PP

convent i onahdt s gtioelrephncebtic wiver oflls (Swift @ldds 1984, CeMdB63BHE Qumaret 4 s and

f?QﬁéL??ELY%ﬁ?rﬁ%%S%kiséhE%‘%ﬁ bt b Ry WEIERRE 15 hange | n

cul ture cormlpkiohRs 7:428G15 C)g%hehhﬁlhﬁrﬁﬁ@&ﬁﬁopfegﬁhim(i@a&fvc% Mickda@b bet®r @
change |n t enper at ur e, nstitutive pronoters, on the ot er hand, uniformy

transcri’be apghian, 85 Vet 313:145- %k thetimpunogletudin geppgonirel regiopiati t ¢ | e or
no control ;oy&ke BEHRpRIACABIGRIIschéMl er al., 1984, Cell 38:647-58; Adames et al., 1985,

Nature 318:533-38; Alexander et al., 1987, Mol. Cell. Biol., 7:1436-44); the mouse
mammary tumor virus control region that is active in testicular, breast, lymphoid and
+mast cells (Leder et al,, 1986, Cell 45:485-95); the albumin gene control region that is

20  active in liver (Pinkert er al., 1987, Genes and Devel. 1:268-76); the alpha-feto-protein
gene control region that is active in liver (Krumlauf et al., 1985, Mol. Cell. Biol., 5:1639-

48; Hammer ef al., 1987, Science 235:53-58); the alpha l-antitrypsin gene control region

that is active in liver (Kelsey et al., 1987, Genes and Devel. 1:161-71); the beta-globin

gene control region that is active in myeloid cells (Mogram et al., 1985, Nature 315:338-

25  40; Kollias et 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 hormone gene control region that is
active in the hypothalamus (Mason e? al., 1986, Science 234:1372-78).

30 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
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| arge nunber of pronoters, recognized by a variety of potential host cells,
are well known. A suitable pronoter is operably linked to the DNA encodi ng
heavy chain or light 20 chain conprising an anti-NG- anti body of the

i nvention by removing the pronoter from the source DNA by restriction
enzynme digestion and inserting the desired pronoter sequence into the
vector. Suitable pronpoters for use with yeast hosts are also well known in
the art. Yeast enhancers are advantageously used with yeast pronoters.

Sui tabl e pronoters for use with 25 nmanmalian host cells are well known and
I nclude, but are not limted to, those obtained fromthe genonmes of viruses
such as poliyisnten, by bighes @Wﬂp@i@swlﬁdﬂsﬂcmwﬁ@wm @bmhtsazf Dhdenanily us 2),

bovi ne papl L&Rq‘a ?Mbi)ﬁ?n leﬁ a@latfsa%{ &gﬁg Vi rgg,to %}ér A % I’U.)SEHI&I’JG'[ roviruses,

hepatitis- BV uUs a era
suitabl e rrammlahmiy pnmmﬁcmrmdlpnmhmdmdémh@amﬂmgngmmmm atapmslpbﬁummer s, for

exanpl e, 0 a .ers nd the .acti r onot er tional
pronot er s %h "@ﬁ %m?logg d*emfcﬁ'@’ ‘r“bé’f“‘l nSFYFIR, e’%‘ﬁ'ﬂ egrsgq‘}%‘fesl? ‘[ﬂﬂ‘c’j ! SV40
early promai@imdiae’ deaéss hredlaRd @Q%hbﬁ@&&m&%ﬁ@ 2 Aphad @bo-pfdtein GAY/ Prormot er
(Thomsen et at, 1984, Proc. Nat Acad USA 81:659.663); the prormter

cont ai ned i#sulime Typically, hgwever,aneahang ﬁ@&%aw%ﬂ%"dszﬂ’-ﬁ§¥é ¢ahepesr,(thananot o,
., 19 WA
et a GromeBalbvids: i%lgrdﬁi&snoté HesReS & Q§§H1444 gﬁ%ﬂﬁ pronnomaﬁ gner et

at, 1981, Proc. Nall - U S A’ ter an
regul at or y eokayoess doowh rinrthe A ave esdmiphary | cohanging grlemengsBfarrtbe activation af ;| 1982,

promoter (VAR pretBiteR” 4R oy Bl UELR oSy R0l ifhe oS b 1 367
75: 3727H8B1)to a coditgsequenas, ifis typisklty lo¢4DeBo e siteed’ faim thd pRMotder oc. Nat | . Acad.
Sc!. U S A, 80:21-25). Also of 10 interest are the follow ng ani mal

transcripti onal Egpredsion! vectogi ofithe inveitidn m%bbicbnshh&sw&om@eﬁfﬁnigovieﬂyr and have

been utilize |n trans el astase | gene contr egi on

Chat ©'s Gk oBREHan: Feta Yepr.ih s SRy s e S0t copfn aiCas e

38: 639- 46; d%zféﬂtf!anﬁshg%taquenae%ﬁ%&@bﬂe 3P irlond) of ke rbﬁcle&bﬁrﬂcscn&@

50: 399-409 (1986); MacDonal d, ,1987, Hepato)ogy 2;42 the insulin gene

contr ol red?’@ﬁ"Fﬁa?ta#rﬁﬂdé(dﬁ%mH‘%’%Fﬁ%@ﬁl(méYb"e@ﬂwﬁﬂbé?m@nﬁ%ﬂ&Bﬁ?ﬂ 1985,

Nat ur e ﬁlS I&tafi?@aamt hqeaheaw&wlfabwmmngm SOk rfehhﬁggec@enae@a& whlp active
in |lynphoid ce G osschedl et at 4, Cell 38:64 ; Adants et al.,
1985, known to onc 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 antibody
has been inserted into the proper site of the vector, the completed vector may be inserted

20 - into a suitable host cell for amplification and/or polypeptide expression. The
transformation of an expression vector for an anti-NGF antibody info a selected host cell
may be accomplished by well known methods including transfection, infection, calcium
phosphate co-precipitation, electroporation, microinjection, lipofection, DEAE-dextran
mediated transfection, or other known techniques. The method selected will in part be a

25 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 ef al.,

supra.

A host cell, when cultured under appropriate conditions, synthesizes an anti-NGF
antibody that can subsequently be collected from the culture medium (if the host cell
30 secretes it into the medium) or directly from the host cell producing it (if it is not
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Nat ure 318:533-38; Al exander et al., 1987, Mal. Cell. R ot, 7:1436-44); the
nouse manmary tunor virus control region that is active in testicular
breast, |ynphoid and nast cells (Leder et at, 1986, Cell 45:485-95); the

al bum n gene control region that is 20 active in liver (Pinkert et at, 1987,
Genes and Devel . 1:268-76); the al pha-feto-protein gene control region that
Is active in liver (Krum auf et at, 1985, Mol. Cell. Blot, 5:1639- 48;
Hanmer et at, 1987, Science 235:53-58); the alpha 1l-antitrypsin gene control
region that is active in liver (Kelsey et at, 1987, Genes and Devel .
1:161-71); the betaglobin gene control region that is active in nyeloid
cells ( n/bgrsacmted) akhe selpgtion %%Pmteég}gt gt} Wil derend wpen varioug factengs, Cel |

46: 89-94) ; m(ﬁ+ d r 0@5&,9& | tive in
ollgodendrocyte cel#g | s gﬂg?%?%q% t g%ﬂ?ﬂ%g§%gq%éﬁPﬁhgp703 12);
the nyosi mebesspny for nmw!wbnegbmvham arphpsphorylation)i and zaseiof Hlding kel et al

nmuscl e ( Sanj 4:.283-86); and the gonadotropic rel easing
hor none geﬁhggﬁ%igl regl oncu? is active in the hypot hal arrus (l\/ason et

at, 198 Sci en 78) enh nce uenc rted into
the vector to i lgnfe %céravﬁlfaggrfs&f"as | 9" P ﬁ‘{ r heavy
chai n conprang irtfndebud ate MEHinties nd;)@ﬂmoﬂihzbm eell lﬁiﬁ:s iavaiRblel figin Eh)e A}h@ﬁeﬁ

eukaryot es cer re cj nment s._of usu about 10-300
bp in Iengtﬁjﬁ’l”e[&ﬁi é"tle @m‘ﬁ? gt Pﬂtclll‘E‘é@ENAp 1i"’bﬁ‘m’Enhancers
are relati \/(etm))eéxyseﬂkm befl’lB ﬁayl hdAsEERy mﬁﬁp@dmdaﬂéukegmagcén@woé)ound at
positions both 5 and to the transcription_ unit everal enhancer

sequences amamapaﬁqa@cfl}%cswwamplﬂ%{ﬁgg&% 2} e kﬂ'&ﬂbﬁf@@@ﬁ celi liges Ao
el astasgy alhuiehbodiieRiad; fil R idyehd sehidild thidag Hél%rﬁnéﬁﬁ{g'vﬁ-@éhl il fRyever,

enhancer froma virus 1S used. The SV40 enhancer yt omegal ovi r us earl y
pronot er erthan bigh, ewlmlﬂydnﬁnérmaaﬁktlmvclyamﬂmﬁ@n@bﬂdwawﬂehlﬁ‘ﬁnblwag known in

the art arweg i éﬁoﬁ.@ éﬂl%dﬂ&en‘i Jéﬁ‘iihégfyﬁrth gﬁ&mﬁ&g&ﬁﬁf&eﬁot gykaryotic

pronot ers an enhancer may e positrone BESBRtOT B THeY 5 or 3
10 to a codisyvmsatibetydef hat a c@amwpnmﬂkb ynd sewteedhatrobgoustantibodyfcambe t he
pr onot er . si on vectors of the invention may be constructed froma
starti ng vé@f " such as a conmmercially avail able vector. Such vectors nmay

of the 1 anki ng ASHEHLR bt EEr B S P SRR SCIE R, BagH BB i 1 the
vector, thepdmamtiBeationddfvidiieadr! tiss@iat tBatnRedRB NGF gasteld.  Antibodies of the

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

20  block interaction with other binding compounds may have therapeutic use in modulating
NGF mediated diseases. In preferred embodiments, antibodies to NGF 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
25  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 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

30 the invention together with a pharmaceutically acceptable diluent, carrier, solubilizer,
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15 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 nolecule encoding light chain, a heavy
chain, or a light chain and a heavy chain conprising an anti-NG- anti body
has been inserted into the proper site of the vector, the conpl eted vector
may be inserted 20 into a suitable host cell for anplification and/or

pol ypepti de expression. The transformation of an expression vector for an
anti-NGF antibody into a selected host cell rmay be acconplished by well
known met hods including transfection, infection, calcium phosphate

co- pr eci pi tesnulsifier, pedsemvativgpod/at adjuvantyi Rr¢faiably crctiptable foimuadtemtmaterjalAFAR- dext r an
medi at ed transf.ection., . t her ;kno techni ques. Th hod selected wll
in part be "SM9ECtGNtEFIP {)eﬁ{so% P’%ed%%%mw eridn 3@?95 ?%‘&ngdfusglﬂ.p‘#‘?@‘i net hods
and ot her satibbdiilefts Tphiraessutieal e covbpdsitiofio Wombfisihgiea thi¢rhpertcalliyt efi@kive and are

set forth, for e an&gb& i nmbr ook et at, supra. A host cell, when
cul tured uﬁa’é’f’n’é%ﬂ? HPE 4P dreRBHLed. synt hesi zes an anti-NGF  anti body

that can subsequently be collected fromthe culture nmedium (if the host cell
30 secreétes it %ﬁeétal‘lr?@%ﬁi‘&leﬁﬁ) acgepiahle @&ﬂ@@r%%’ﬁ%@&%? ROHPRIGUCI ng i t
(if it is Q@Irccip_ﬁ@ts%@%ﬁbﬁgés-anl%o%ﬁ}ﬁ%déﬁibl@fed.an appropriate host cell wll

depend upon various factors, such as desiréed expression |evels, polypeptide

nodi fications tRadertain@nMedinieal) the PharmiRE&AP&npobi@bn B&Y bt fdritfRoRS
gl ycosyl ati on or Phospho_ryl atjon) and ease of folding into a biologically
acti ve nol aeaigrislsstormpadiiyingnmamtaining gb preseruinafor examplpohe PH, osmelepivessi on are

wel | known jn t-he Walel byt - [+ 1] ' alized
el 11 nes "afCid: coRRle B dor Whril Subffly, Wbt S bERBRAE

i ncl udil@g tadsorptizn dr perietratibnt of tiEhdompssitibra niptsech ambedimentsCiuiipble drinslatitiela cel | s,
baby hanster ki dne BHK), cells,. nobnkey ki dney, cells hunman

hepat ocel | lﬁaé?nﬂgsa}%‘uﬁ%:{ﬁ&caé? ™ §Euen.1 tﬁd EiO’R%ISmEBZE)C?aSa %Fhaa‘é%‘é?’ %lf’yag'ﬁ?er cel |

l:li nes. | n lpaa ﬁr?aiargll‘ml 'né)l @dilpﬁﬁﬁr)]s ,anﬁmﬂ_cfoﬁiaisflaﬁticﬁmdm_ l&el(sa&i estaedaéﬁihmaidlgh el
eterm nin i C e .ne ave expressjon_levels and copstitutive
produce an?sf’ggﬂi I\ FP‘#“@M?W&%@‘%% Bﬂé\gﬁ ﬁsé’ﬁll’ aj Ho’ﬁf?ok’ﬁéﬁ%c’%gﬁ'}sﬁent, a Y
cel I line fH@MiBRs,Biogihbtet bhodGL oighiat 26aHS bilking Rkfs (dubls adWan@R bbody but

has a capacity to nmake and secrete a heterol ogous anti body can be
glycine); chelating agents (such as ethylenediamine tetraacetic acid (EDTA));

complexing agents (such as caffeine, polyvinylpyrrolidone, beta-cyclodexirin or
hydroxypropyl-beta-cyclodextrin); fillers; moncsaccharides; disaccharides; and other
carbohydrates (such as glucose, mannose or dextrins); proteins (such as serum albumin,
gelatin or immumoglobulins); coloring, flavoring and diluting agents; emulsifying agents;
20 hydrophilic polymers (such as polyvinylpyrrolidone); low molecular weight
polypeptides; salt-forming counterions (such as sodium); preservatives (such as
benzalkonium chloride, benzoic acid, salicylic acid, thimerosal, phenethyl alcohol,
methylparaben, propylparaben, chlorhexidine, sorbic acid or hydrogen peroxide);
solvents (such as glycerin, propylene glycol or polyethylene glycol); sugar alcehols (such
25 as mannitol or sorbitol); suspending agents; surfactants or wetting agents (such as
pluronics, PEG, sorbitan esters, polysorbates such as polysorbate 20, polysorbate 80,
triton, 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
30 and/or pharmaceutical adjuvants. See REMINGTON'S PHARMACEUTICAL
SCIENCES, 18™ Edition, (A.R. Gennaro, ed.), 1990, Mack Publishing Company.
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sel ected. 15 Antibodies of the invention are useful for detecting NG- in

bi ol ogi cal sanples and identification of cells or tissues that produce NG-
protein. Antibodies of the invention that specifically bind to NG- may be
useful in treatnment of NGF nediated diseases. Said antibodi es can be used
in binding assays to detect NGF and to inhibit NGF fromformng a conpl ex
with NG- receptors. Said antibodies that bind to NG and 20 bl ock

i nteraction with other binding conpounds may have therapeutic use in

nodul ating NG- nedi ated di seases. In preferred enbodi nents, antibodies to
NGF may bl ock NG binding to its receptor, which may result in disruption
of the NGF i ndulbnedertain remhbodimeatss dhe t dpdimat ahemabeeutivhle cpmpesision iwilkebd | on al so

relates to,he. Q : r e antibodj Of... - e _present
i nvention fl?lte%ﬁge%ﬁ%ﬁ% aceﬂﬁgingl?ag&i% CETEne ?r()érjgﬂﬁ’ﬁlg’ Ehreé'ét?#g?fo@?o pai nf ul
di sorder ondministation) delbatysietndiyand desired sloshgex See yo1 anmple, REMINGTONS eased

sensitivit | . such as any on f disorders or, conditions
di scl osed %MHJI‘% gﬁ f tch:t&%e ﬁ'é‘g?‘ﬁvg'ﬁ‘?’isgﬂl BIeRAseEs

phar macgut i@ infeiee Giet ih9Eical ststs)Btability)Ga@ JfhiRNARCIchRadndyratf ety anmount

of one or a plurality Qf the_antibodies of 30 the invention together with a
phar maceut Fleangg of theaptibadics ofithe IYFBUONc ar ri er, sol ubilizer, 67 emul sifier,
preservative and/or adjuvant. Preferably, acceptable fornulation nmaterials
are nontoxic tB parimpempedimgnts. the RIBAAK a¢higlsdot sEen iy at Pepmacewisebyed. | n

preferred c@rﬁ?& 'gq.ﬁgg,sb td _a@%’ﬁﬁ‘@l LORS | S

t herapeuti ca ymg fe tlevéem@{i unt (_g?ﬁgn I - %ﬁ?bggf)g%mg?éggﬁgeded. 51n
certai n entyehdéleencarrienmeay be atates oinjegtion pbysidlegical saling splutibr pr bitificial e

nont oxi I O S,. at. . rati . In

Cort ar iOemb s ERi BB pdind M A0R AR G Bl Bl T EHRRBES 1Tt on
mat eri al s ffar paremdérly edmjinistrationt aiNentingl iffepadesating ion galideo mixedawiih eserunhe pH,
osnolarity, . ViScOS}t clarity, | or,, i sotonjci . odor,. sterility,
stability, SPYPRE 8% }&’F%?OWPW gfﬁ?lgf'ea{g mgfﬁedaﬁ?%%/%’??%ﬁ gempassuicelt i on of

t heI C 3 rrpo; iobﬂlﬁﬁitiohﬁloﬁtﬂ@ﬁt_eﬁi’ibﬁd déniien temprisy Hﬁgbﬁi&rfoﬁﬂiﬁd{ o ans_.s, maﬁ&ltdteal S

i ncl ude, byt _ar ot |l to, amno.acids (such as yci ne, ut am ne,
aspar agi ne,b_“%?rd&ﬁ ?Péphrﬁ}'ggi qu)rflaygﬁ %“Lﬁ?‘@ﬁisﬂ‘ﬁ’ ol, sperase i psaet apdich as
ascor biig aghithble substitute therefor. In certain embodiments of the invention, anti-NGF antibody

¥,

compositions may be prepared for storage by 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

20  be formulated as a lyophilizate using appropriate excipients such as sucrose.

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.

25 The formulation components are present preferably in concentrations that are
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
30 use in this invention may be provided in the form of a pyrogen-free, parenterally
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sodium sulfite or sodium hydrogen-sulfite); buffers (such as borate,

bi carbonate, Tris- HC, citrates, phosphates or other organic acids);
bul ki ng agents (such as mannitol or 15 glycine); chelating agents (such as
et hyl enedi am ne tetraacetic acid (EDTA)); conplexing agents (such as
caffei ne, polyvinylpyrrolidone, beta-cyclodextrin or

hydr oxypr opyl - bet a-cycl odextrin); fillers; nonosacchari des; disacchari des;
and ot her carbohydrates (such as glucose, nannose or dextrins); proteins
(such as serum al bumn, gelatin or inmunoglobulins); coloring, flavoring
and diluting agents; emulsifying agents; 20 hydrophilic polynmers (such as
pol yvi nyl pyeaepiablgogayecus osplution e compsingei thit despred yipwiNGHe gntibody t irf or i ng

count eri on . ' : aser wat.l ¥ - S ni,um chl ori de,
benzoi ¢ ac?g%ﬁégﬁFgépfggggg%?v?ﬁ?%br%éé%¥ggﬁéﬁgﬁﬁyﬁ g?ggﬂﬁﬁ{bgﬁg.?ylparaben
pr opyl par alimestion li¢ etetitexdigtilied watasriniwhictcthd anti-N(GR aotifedy pe famubiey; as s0l vent s

(such as gl ri Pr en | ol yet hyl ene al ycol): sugar al cohol s
(such 25 aSS%' ﬁn%h{ﬁw s@ﬁ“@“o?%??‘%}%%‘“s%@pﬁh°§ﬁﬁﬁ eéé%n?éﬂ;%s ’)s{ﬁerlf%%af%r?ﬁgmbr wetting
aglents gsumhrggm ﬂlﬁlﬁfrﬁmttﬁﬁ, oPE@SO desivéd infobsdule SWith Sin @@hty%lﬁcmb_aﬁ ﬁ@‘je:ﬁm as

ol ysor bat e .20, .pol ysor ., triton, trometham ne, cjthin,

(F:) hol>/est er oI“?“’thhg?%éﬂ?’ff"g e pATtiqles, pelypratie ic?ﬁp%gﬂsga'( %B‘ﬁy ¢ gt Phse or
sorbitol); pb@@]é@&lic%cﬁﬂ,m EFdip@ Rkt SthitSHA pravid@ bdioiled Bt sibtained HelkGSe
preferably” sodium or potassjumchloride, mannitol sorbitol); delivery
vehi cl es; ~ &f thfeproduct sxhichy padnbes deliyered e depsth dnipstionutIn cogriain inibpdimests, See

REM NGTON § uﬁ%ﬁ%%egﬁko be wiel NG ﬂa&@&écrt] Egh%gﬁp?%%mﬁed%ﬁ%ﬁ g ed.),

1990, Mack ol 1 shing npany. 68 I'ncertal I'ments, the optinal
phar mad8ut itheadircelatigro s In ¢entpingnibodiments daplantebleakiugdelivery: dekicdsimay terusedhe art

dependi ng (= | nded route of admnistration, delivery
f or mat andq@%@ﬁ%gh&%gig%.aﬁ%%%?ﬁ}%%mgkanpl e, REM NGTON S PHARVACEUTI C 4L

SCl ENCES, supra .1l ' S|t ORS. 5 . i nfluence
the physi cal "ot S EET it 3P Bk Sl o SO0P BRI ER Yo B V1V
cl earance @i tlidse embbdihenis.cantilNGF hatibotisnire advantagemrlyt ficfulesbadiavdnt s, the
primary vehi.c or carrier i.n arnaceutical = cq sjti.on may pbe either
aqueous or "%L?glicﬂ?éﬁi‘?% i pﬁ&ﬁ?ﬁg%qﬁ@pegﬁam—ﬂG a““gg‘?‘g'a‘ﬂk‘@‘m\?e‘???{‘lﬂ"@s or

carri _er1_5rramgeawweq5mimted 'ﬁitEthj’(g)@llan@ IR e 61GichiPdry.S B éeMBinS@ibetinRRi0Or
artificial 10 cerebrospinal f]ui possi bl y ,suppl enented wi th ot her
material s colteons may clzﬁrﬁggqh{z?d@nsl’u'lmonary administration and formulation methods

therefore are further described in International Patent Application No.
PCT/US94/001875, which is incorporated by reference and describes pulmonary delivery
of chemically modified proteins.

20 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 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

25 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, Iubricants, suspending agents, tablet disintegrating agents, and
binders may also be employed.

A pharmaceutical composition of the invention is preferably provided to comprise

30 an effective quantity of one or a plurality of anti-NGF antibodies in a mixture with non-~
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for parenteral adm nistration. Neutral buffered saline or saline mxed with
serum albumn are further exenplary vehicles. In preferred enbodi nents,
pharmaceutical conpositions of the present invention conprise Tris buffer
of about pH 7.0-8.5, or acetate buffer of about pH 4.0-5.5, and may further
i ncl ude sorbitol, sucrose, Tween-20 and/or a 15 suitable substitute
therefor. In certain enbodi nents of the invention, anti-NG- anti body
conpositions may be prepared for storage by mxing the sel ected conposition
having the desired degree of purity with optional fornulation agents

(REM NGTON' S PHARMACEUTI CAL SCI ENCES, supra) in the formof a |lyophilized
cake or an toxigersipientsstbatiare snitable forttheemanuifastuceot talilets.c Bip dissolwing the tatis ant i - NGF

ant i body pr, R f ted. as .yophi li zate using.appropriate
exci pients @gtgﬁlteas sugf%sogj%ﬂ%%@:r c%ﬂtﬁl glé'%lnség%%es ?ﬁ%%d:mo Hﬁ’gei nvention
can be sel dairedSdiablepasipiehie isdludedialt iavearioy Limftbd &y, it dilabts, sidheascalp@si ti ons
may be selected for ..inhalation or for deliver hrough the digestive tract,
such as or é#ﬁat%fg‘?i&‘i‘lmﬁatﬁfr 3W°W%§?‘Fé??€u¥ri 1y pg%’ %tﬁ't‘a'b‘? g

CoNposi t5i ONgerits MéH l§ Rtakdhe gdlstih,! or0dcatiBe o ubricatidg Td¥8nit Q) bt nlaghesigirPoneNt s
are present preferaply in concentrations that are  acceptable to the site of
adni ni st r atsteamte, steprisapidgordalenbodi nents, buffers are used to maintain the
conposi tion at physiological pHor at_a slightly lower pH_typically wthin
a pH range of fipaahp c G%B@mosmpmm@ﬂaeﬁa}d@mteﬂwse skifadrin ety i on i s

cont enpl at g fﬁ"{kﬁf Lo i : SE.d l1Stel; ntion may
be provi ded ihh t gﬁﬁgéﬁﬁgﬁvg p%r oggﬁiﬁfdrnggédl%gégﬁ%égl ?ry O%Rg?g%%bl e
aqueous solfomiudations nedheiques fardfonmditngd amiety- MiGRhernsustingy- érrcoatrolled-

phar macgut i | e bl . | cl.e. artpeul ar | itable vehigle for

par ent e@al dglﬁ‘%ﬁr%{:q[%%%hg‘licg agfl #?ﬁe %%sﬁl*%g%%#e’fgmﬁ iF%: P ?lrgusaﬁ 8 NGF

anti body i snd depoiliajeetibnaSara alsit lewawneto ihewt skilled motheltarton Seep f@pexakiplepr eser ved.

I n certain _enbodi t he preparati | nvol ve the formul.ajion of the
desi r ed rmlIBfE'EE'F%"%qﬂﬁ%%Eh ‘gfﬁ’é‘ﬁ‘t“,&s@gh Pﬁ"?@ﬂa@? | @’hwﬁi Br &&‘H&ﬁ“?&%y

bi 0- er odi blrefefRadd dnt ldekrib&VoltiE el Sl EOOPFPIRAS phigHeRc Mferdattitied Edridelivpg Or

pol yglycolic acid), heads or |iposones, .that. may provide control]ed or

sust ai ned | @barEaceytical h Compesiiang. whPespiredrelseseq drsnawations ey JBslde
i njectign. (LRigeRidpleNpOYRCihRAeS in M4AKIOBE Ghattd HRNIeR! $Q. BRmysed. having

the effect of "pronoting sustained duration in
microcapsules. ustained 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, each of which is incorporated by reference), copolymers of
L-glutamic acid and gamma ethyl-L-giutamate (Sidman et al., 1983, Biopolymers 22:547-

20  556), poly (2-hydroxyethyl-methacrylate) (Langer ef al., 1981, J. Biomed. Mater. Res.
15:167-277 and Langer, 1982, Chem. Tech. 12:98-105), ethylene vinyl acetate (Langer et
al., supra) or poly-D(-)-3-hydroxybutyric acid (European Patent Application Publication
No. EP 133,98R). Sustained release compositions may also include liposomes that can be
prepared by any of several methods known in the art. See e.g., Eppstein et al., 1985,

25  Proc. Natl. Acad. Sci. USA 82:3688-3692; European Patent Application Publication Nos.
EP 036,676; EP (88,046 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 Iyophilized, sterilization using this

30 method may be conducted either prior to or following lyophilization and reconstitution.
Compositions for parenteral adminisiration can be stored in lyophilized form or in a
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10 the circulation. In certain enbodi nents, inplantable drug delivery
devices may be used to introduce the desired antibody nol ecul e.

Phar maceuti cal conpositions of the invention can be fornul ated for

i nhal ation. In these enbodi ments, anti-NGF anti bodi es are advant ageously
formul ated as a dry, inhalable powder. In preferred enbodi nents, anti-NGF
anti body inhalation solutions 15 may al so be fornulated with a propell ant
for aerosol delivery. In certain enbodi nents, solutions may be nebuli zed.
Pul monary admi ni stration and fornul ati on nethods therefore are further
described in International Patent Application No. PCf/US44/001875, which is
i ncor por at SAlUEg. rm@n&?&hﬁ%mﬂ%ﬂﬁ@mmaﬂmﬁm@rl}wﬂwa sérdei cal | y

modi fied pryadesl fgt, forCxhhple d) Gikh be
adm ni stered orgbl%’y ,)At\n Saéh ant%tsgl les t atr area‘;'a%n @&gﬁgpegbggthl S
f ashi on carbylsdiypesiermic injetionineddleor wi t hout carriers customarily used in the
conpoundi ng of solid dosage fornms such as tablets and capsules. In certain

enbodi nents, a Oapsike ehamactdicalewinmpesition asrbete fsymutated, dahiwle gcmeﬂim)n of the
orl st ony i Ui, 0 e BFsSEh, PN 5 LY
can be incllyujﬁﬂlzempovhhnl Suchforemddiions mhy bmstm‘bd bﬁt&r&fﬁtea&i%-@?&‘drbﬂﬂh"n .
suspend: ng HgEntEE- e 1%%35@9#&@1? inisl etaﬁ! nders iy i so be
rovi tied t o bompht BEeRISS dy RPPESIKe o (fa‘?ijr‘FP’POf ey e oL e ety

anti - NOF anftiehas o e lifvedtiéd iﬁﬁ#‘%ﬁ;h%ﬁtﬁmnﬁﬂlaﬁﬁt E&fédlﬁer%ﬁhﬁ'a%‘i%&rk% are
suitable for the manufacture of tablets. % di ssolving the tablets

steri| ellatadd 2 sgrond sentpapr W}%@ﬁrﬂﬂ&?‘)@s femplatien. @memmmoﬁwﬂh@f;ﬂn%par ed in

unit dose fQrmn Rits BRhHiHEX é%ﬂ&?n En d IPIQ%E t i nert
di l uents, suc ans cal ci um car onat eulltpo um gﬁgct?s {) cha E‘gjrllat e,
| act ose, orsydeges indiygsivosgashare proyidedi ndi ng 5 agent s, such as starch, gelatin,

or acacia; or lubricating agents such as nagnesi um stearate, st eari c acid,
or talc. Additi dhaleffshtivenavwounti ofil anc enp&GF: poitwdyichitaipinge phateateutical t hose

:Els![ l’;lleﬁeidn ogﬁgsgtlil n’ 'b@g!:rﬁgllo?& fﬂ&”iﬁ'éﬁt%ﬁ}?%u' crile\fjgrll | R? %ple,NgI:pm?%l bodies in
15  therapeutic context and ob_]ectwes One skilled in the art will appreciate that the
appropriate dosage levels for treatment will vary depending, in part, upon the molecule
delivered, the indication for which the anti-NGF antibody is being used, the route of
administration, and the size (body weight, body surface or organ size) and/or condition
(the age and general health) of the patient. In certain embodiments, the clinician may
20 titer the dosage and modify the route of administration to obtain the optimal therapeutic
effect. A typical dosage may range from about 0.1 pug/kg to up to about 30 mg/kg or
more, depending on the factors mentioned above. In preferred embodiments, the dosage

may range from 0.1 pg/kg up to about 30 mg/kg; more preferably from 1 pg/kg up to
about 30 mg/kg; or even more preferably from 5 pg/kg up to about 30 mg/kg.

25 Dosing frequency will depend upon the pharmacokinetic parameters of the
particular anti-NGF antibody in the formulation used. Typically, a clinician 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

30 a continuous infusion via an implantation device or catheter, Further refinement of the
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formul ati ons. Techni ques for fornulating a variety of other sustained- or
controlled 10 delivery neans, such as |iposone carriers, bio-erodible

m croparticles or porous beads and depot injections, are also known to
those skilled in the art. See, for exanple, |International Patent
Application No. PCTIUS93/00829, which is incorporated by reference and
describes controll ed rel ease of porous polyneric mcroparticles for delivery
of pharmaceutical conpositions. Sustained-rel ease preparations may include
15 sem perneabl e polynmer matrices in the formof shaped articles, e.g.

films, or mcrocapsules. Sustained release matrices may include polyesters,
hydr ogel s, appeopystedesagris rouimelyimade by these of aolisary plell énthe g angisavithiothe and

Eur opean P 3 f%@sir&ﬁfn. i LN m’ﬁoﬂa 0, ’ma‘i‘raﬁh bch is

i ncor porate gt;ore er encg]?rbegggﬁ%dyﬁg?@%bf -gaﬁt%%é%}am angéngagmmhra

et hyl - L- gl utmoglt ese 0Sapprepriats doag-respo8Sdati Inpottamemboddaes) themtibadds, of pol vy

(2- hydroxyet hyl - net hacryl at.e) .(Langer_ et  .a 1981, J. Bi d. Mater. Res.
5 167 o7y e P o Aelairal 98 el oty RS PG acerat e
(Lalnger et Cl&bnl;;f sdiﬁihﬁkaﬂnnqw@hynﬂb(od)oﬁﬁ:h;‘méﬁﬁomtmuﬁmié&ﬂmddl' ercEli@RdA Pat ent
Application Publication No. EP 133,988). Sustaj ned rel ease conpositions may
al so incl ucRUleTEIGRERORERSC ?nliﬁ&?‘?”ﬁ%tea&l ﬁ?ﬁ‘%%ﬁfﬁ Bised agadnshp hﬁ‘E\aﬁpds known
in the art.;§6& i -athon-HaRiaf RiniAl §br amplkdPRon-filty Rufen adtiolly pRARAGd ipgi - USA
82: 3688- 3692; "Eur opean Pat ent Applicaiion Publication Nos. EP 036, 676; EP
088, 046 andnoEfhumB SEREISS. | ncor por at ed by reference. Pharmaceuti cal

conpositions used for in vivo admnistration are typically provided as
sterile prepar atThe#eute of administration o theaphapracenticelmonipesitien isyin fpgord Fithon

t hr oughy sty it fd at,i,on # .-l\g}g%t - L I.S.: hilized,
sterili 1zoat i%r#\)whsfl{r\ééﬂofh{ii tg'ggooﬁg ’hc%%gﬁg'y e cgnggct eg gﬁtu%ier p:ll c#’%?g or
f ol | owi ng |inptsrleiebiak infrarparenchymab)o ristrdcengbroventriculdn npwsmmicis, fntra-gealeent er at
adm ni strat ed. i ilized . | 71 sol ution.
parent ot ai PomEEH MnBBAnt: iftelR oheBly) SR Il iRl bLC"
sterile aciaphkmtaion evidenr Incoeftainl embodimentst thavtmipositionshay booadniinigter2t byi al
havi ng a st@g er. pi erceabl e %a%ﬁ iEOde mc.i rtg.ect i gn needl e. Once the
%
ensi o

phar neceut i 'FS‘E BOF PIEHUIRY 9y IMPlARIAtOR dBYICE- e stored in 5
sterile vials as_a solution, suspension,.qgel,. enulsiaon,.solid, or as a
dehydr at®d or Ii@ﬁp?ﬂnm"_ilgﬂnp?&%d y c?me"gFrt‘?Fﬁdr i?qahﬁs“ﬁawpg@wﬁﬁr%fdaei ther in
a ready-t 0- MefbhRY, BpdAce banother 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 continuous administration.

20 It also may be desirable to use anti-NGF antibody pharmacentical compositions
according to the invention ex vivo. In such instances, cells, tissues or organs that have
been removed from the patient are exposed to anti-NGF antibody pharmaceutical
compositions after which the cells, tissues and/or organs are subsequently implanted back

into the patient.

25 In particular, anti-NGF antibodies can be delivered by implanting certain cells
that have been genetically engineered, using methods such as those described herein, to
express and secrete the polypeptide. In certain embodiments, such cells may be animal or
human cells, and may be autologous, heterologous, or xenogeneic. In certain
embodiments, the cells may be immortalized. In other embodiments, in order to decrease

30 the chance of an immunological response, the cells may be encapsulated to avoid

73



a form(e.g., lyophilized) that is reconstituted prior to adm nistration.
The invention also provides lilts for producing a single-dose adm nistration
unit. The lots of the invention nmay each contain both a first container
having a dried protein 10 and a second contai ner having an aqueous
formulation. In certain enbodinents of this invention, lilts containing
single and nulti-chanbered pre-filled syringes (e.g., liquid syringes and

| yosyringes) are provided. The effective amount of an anti- NG

ant i body- cont ai ni ng pharnmaceutical conposition to be enpl oyed
therapeutically will depend, for exanple, upon the 15 therapeutic context
and obj ect iibidtation@f syppwding tissuesh dn Siprthenembodiments dheagnsanshlation atesiglpr opr i at e

dosage | ev R JeMgL ks L j rt, on t nol ecul e
deIivered,%%ﬁgkﬁﬁgiggﬁﬁgﬁﬂ%ofsﬁ%ﬁ%ﬂE%ﬁ@§§ﬁpﬁgﬁggugﬁpﬁg8%ﬁn#@nﬁg? tused, the
route of allnwitheteleats afrthe protdin predwi(g)but presient vie destryctibo df the wellelgether or gan
size) and/qr,.condition the.a and.gener.al hegalt.h) of the patient. In
certain enﬁ’&ﬂ?“ﬁéﬁ‘%@?“? ‘1"%‘?’%&‘3& ‘%ﬁﬁ f”ccf%&o‘fl yEeungin Sfodify the
route of, admnistration to obtain the optimal therapeutic effect. A typical
dosage éay range fromabout 0.1 g/kg to up to about 30 ng/kg or nore,

dependi ng on the factors nenti oned n preferred enbodi nents, the
dosage may range from 0.1 pg/kg u t 30 ng/ kg; nore preferably from
1jig/lkgup to bout 30 ng/kg: or_even re preferably from5 g/ kg up to
about 30 ng/kg.lgg %@@Wﬁﬁngwgﬁhﬁn EWFEI eﬁﬂﬁﬁnﬁﬂ%ﬁmﬁﬁguﬁh&P B net i ¢
par anet er s aghictddeare e didedufor ill@thtiveNsrpatsd bRRad e b€ td B MBhdub® s Used.
Typically, a clinician,adm nisters the conposition until a dosage is
reached t hdtmigpktheivertioRe desired effect. The conposition may therefore be
adm nistered as a single dose, or as two or nore doses (which may or may
not contlain the same anbunt of the desired nol ecul e) over tinme, or as 30 a
continuous i nfusion via an inplantation device or catheter. Further
refinement MMl 72 appropriate dosage is routinely made by those of
ordinary skill in the art _and is within the anbit of tasks routinely
per f or med (fgeneration of Buman NGF protein fromEgelicgls ascertai ned through use of
appropri ate dose-response data. In certain enbodi nents, the antibodi es of
the invention can be adm nistered to patients throughaut an extended tine

period. 5 Chronic admnistration of an anti body of the invention m nimzes
the advers NGF (1-120

15 The nucleotide sequence encoding buman NGF was amplified from cDNA using
the oligonuclectide primers with sequences as shown in SEQ ID NO:27 and SEQ ID
NO:28 and standard PCR technology. The 5' primer creates an Ndel restriction site and
methionine initiation codon immediately preceding codon I (serine) of the mature
sequence. The 3' primer creates a BamHI restriction site immediately following the

20  termination codon. The resulting PCR product was gel purified, digested with restriction
endonucleases Ndel and BamHI, and then ligated into the vector pCFM1656, also
digested with Ndel and BamH]. Ligated DNA was transformed into competent host cells
of E. coli strain 657. Clones were screened for the ability fo produce the recombinant
protein product and to possess a plasmid having the correct nucleotide sequence (i.c.,

25 SEQ ID N0:29). The amino acid sequence of the recombinant human NGF 1-120 is
shown as SEQ ID N(O:30:

The expression vector pCFMI1656 (ATCC #69576) was derived from the
expression vector system described in US Patent No. 4,710,473, The pCFM1656 plasmid
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al l ergic response commonly associated wth anti bodies that are raised

agai nst a human antigen in a non-human animal, for exanple, a non-fully
human anti body produced in a non-human species. The route of adm nistration
of the pharmaceutical conposition is in accord with 10 known met hods, e.g.

orally, through injection by intravenous, intraperitoneal, intracerebral
(i nfra-parenchymal ), intracerebroventricular, intramuscular, intra-ocular,
intraarterial, intraportal, or intralesional routes; by sustained rel ease

systens or by inplantation devices. In certain enbodinents, the
conposi tions naybe adm ni stered by bolus injection or continuously by
i nfusi on, oenthy deripgdafromtthe destubddcpCFME36THesmid {Pwieit Neo AP SE3)nmy (e

adm ni stere | a 4 npla i of a. ) e or anot her
appropri at e&sﬁ%@éﬁ dé%’(%%F%ﬂogﬁoggw%{e%%ggﬁngsg%%mﬁE'Etgqgepe{’h%%%r bed or
encapsul at etizyrhe fudlowediby tudicesld ligation; (h)irepleciam therPNANdeqiencn betevéncthei S used,
the device may be inpl into any suifable tissue. or organ, and delivery
of the desql'r“é’ﬂ fﬁiﬁ?ggﬁff ﬁ%ﬁe%n\%é‘x?ﬁ W‘%&%fh"ﬁyﬁg‘ﬂq“‘r El- é’ﬁfg’épt%o‘f"[t}b? or

cont i nuays s%ﬂiﬂrn&%r[' - ey o t by NGF

ant i bod;.lsuphar mace |e?akg%gﬁgb%soﬁ Pgﬁg&g@%%@gp%%@ﬁ?k@ %%\%ﬁ%?% g’( vivo. In
such i nst armremoter @hd shent (ck substituting te gomall D tseqrave bdeem the moiqeel Cfafom t he

patient are osed, ta anti - .ant i-bad har maceutical. .co sitions after
whi ch the caé‘ﬁ?@”f tt?sg*scﬁg Slkﬁé"i‘ rOhg?nélglﬁ%d%rrgs“gﬂg?rgw y ﬁ%lrf’g"??%%fvﬁack into
t he pati entpuckebtiderseqpurntds s bliwm if SEQ-ING:. 31 tehd SBQED N@B2.be del i vered by

i nplanting certain cells that have been genetically engi neered, using

met hods such as ThB&SeoltK$Thdsbetthih@nggen strdin 65DXPa eabratdndbfFeaiicWe4sshe

pol ypeptide . ln certain enpodinments,,. such. cells _ma apj pal .or__ human
celis, &hd %S‘B‘E‘%alﬁ’g@l"ﬁgd%? o fre FET g%B‘?Pé’ §t8?k 9@'?%93&%‘? Ej.m"ieﬁl"&eNF‘ﬁi n

enmbodi ment Spaveh  CCERIGSC i 9).nmort al i zed. I n other enbodi ments, in order
to decrease 30 the chance of an i mmnol ogi cal response, the cells may be
encapsul ated to avoid 73 infiltration of surrounding tissues. In further
enbodi nents, the encapsulation materials are typically bioconpatible,

sem - per neaflfesPioh YIRWLNGGENCI@FUr es or menbranes that allow the rel ease of
the protein product(s) but prevent the destruction of the cells by the
patient’s i mune £y LAM Qhtalingothl GG dsiBNEdktri R ¢dsUeScribe® BbdvBEwaM! r oundi ng

ti ssues.
15  fermented in rich medium in fed-batch mode. Cells were grown at 30°C to an OD at 600

um of 49, and then induced by temperature shift to 42°C. Cells were harvested by
centrifugation at four hours post induction. Final OD was 75. Expression yield was
determined to be approximately 0.15 g/L.

Refolding and purification of tHu-NGF(1-120

20 Cell paste was lysed in a Microfluidizer, centrifuged at 10,000 X g for 30
minutes, the pellet was washed with 1% deoxycholic acid, centrifuged 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

25 hour, centrifuged at 10,000 x g for 30 minutes, and the supemateni 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

75



5 EXAMPLES The foll ow ng exanples, including the experinments conducted and
results achieved are provided for illustrative purposes only and are not to
be construed as limting the invention. 10 Exanple 1 Ceneration of human
NGF protein fromE. coli cells doning of rHu-NG- (1-120) 15 The nucl eoti de
sequence encodi ng human NG- was anplified from cDNA using the

ol i gonucl eotide prinmers with sequences as shown in SEQ ID NO 27 and SEQ I D
NO 28 and standard PCR technol ogy. The 5 prinmer creates an Ndel restriction
site and nethionine initiation codon inmedi ately preceding codon | (serine)
of the mature sequence. The 3' prinmer creates a BanH restriction site

| medi at el ycohodniraed gl aliquoBGrere finzeanaBDWh The garity of e protsinl wasngseBeRbpr oduct

I I.fd di t i th trjctli I Ndel, d BanHl ,
and Chen'| 1 SR-BelveRREk 39, Bhiaophd Ao Y el RoCopmaringbe ono
BanH . Li gadel THAPunEed proteinsial igfeathr ihak 90% QRFIad by B@siesl.! S Of E. col i

strain 657. Clones were screened for the ability to produce the reconbi nant
protein product and to possess a plasm d having the correct nucleotide
sequence (i.e., 25 SEQ ID NO 29). The am no acid sequence of the reconbi nant
human NG 1pdablés shown as SEQ I D NO 30: The expression vector pCFML656
(ATCC 469576) was derived fromthe expression vector system described in US

Patent NO. Froddétlichof Hultlh H%Wﬂhms%fﬂﬁﬁt ReFvelEroWeh FA&Q6: M}‘ the
described p pl asm at en S ) y. (a Stroyirng the two
endogenous Ndel restriction sites by end filling with T4 pol ynerase enzyne
foll owed by blunt end ligation; (b) replacing the DNA sequence between the

uni que Aat | freplebnfeuVies hhd KV Micsi t €s contai ning the synthetic PL pronoter
with a 5 simlar fragnment obtained from pCFM636 (patent No. 4,710,473)

contai ni ng the Ry Biu@iPhBhoddEl 4dHBBdiéCh NPt Jshig HE®! icPY sequence
bet ween the uni que” Cl a7
10 HCo7+HCol2, 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 Application Publication No.
15 WO 01/09187 (incorporated by reference). Each of these mouse strains carries a human
kappa light chain transgene, KCo5, 'as described in 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 HCol2 strain carries the HCo12 human heavy chain
20  transgene as described in Example 2 of International 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
25  transgene is not integrated into a 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

gtrains are referred to herein as HuMab mice.
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and Kpnl restriction sites with oligonucleotide resulting from annealling
two probes have nucleotide sequences as shown in SEQ M NO 31 and SEQ ID
NO 32. The E. coli K12 host strain (Angen strain 657) is a derivative of E
colt W485 (a 10 K12 strain), obtained fromthe E. coli Cenetic Stock
Center, Yale University, New Haven, CT (CGSC strain 6159). Expression of
rHu- NGF(1-120) E. colt cells containing the NG- expression construct (as
descri bed above) were 15 fernmented in rich mediumin fed-batch node. Cells
were grown at 30C to an OD at 600 wurn of 49, and then induced by
tenperature shift to 42C. Cells were harvested by centrifugation at four
hours post induction. Final OD was 75. Expression yield was determned to
be approximately 0.15 glL. Refolding and purification ofrHu-NG-(1-1201 20
Cel | past e HulMab ymevnizationst/ cr of | ui di zer, centrifuged at 10,000 X g for 30
m nutes, the pellet was washed wi th 1% deoxycholic acid, centrifuged as
above, and the Toegmemientpllpduen marmciohd nantibehiesdtonNGE, EhiMabvwaicerwaad

" csuspended FIEiER T BiROEThoBBamR NOK eFived ST 10" SRR 8t ot i ng
10mM DT aBsassié 0)i Géneedl immutiomion sehvpes fir Hublabanicd ard Gedeeibéd indoBbdrj f uged at
10,000 x g for m nut es e ernatent was carefully decanted and
t hen dil ut €4 "4‘5?1?931"@ F’Fffeoléﬁggﬁq%éﬁ f &% SHEn Ie“é"‘"?aé’(%‘?@ Rdm1 e at

4C, for 5 icatioRE Phileatidnl NG, rwHObguesa, e ReabhihgAlbf Ceabd dFHwRich, arki | t €1 ed

through a 0. 45uMfilter. The refold was purified usi ngl a_ Sp- Sephar ose fast
f1 ow col unminepspasgied by sefsisaes)d Miseiwess Addearreks vhaggupan fe Jirsttinfisientofon

exchange c H%Sx‘égdh%f)elﬂ’ 0 | .1 au r.e frozen
- 800C. Theqﬁgg%}lf ;&Qy]ﬁt e protel npﬁ‘»’ég‘a‘g@@ggggﬁg{j&@%@agg é&ag;raslu%?rflgde gel
el ect r ophoriswiwize SeIhMabrnica intraperiipnealdsc(IP)or SdwnaseudyffCle st ain. The

purified protein was greater than 90% nmain band by this nmethod. 5 Exanple 2
Producti on of Himzmnivdivos | ofnHhMAbt trdnsgbniss miggaiverst adieaved Smgwertigemdtor ( NGF)
Transgeni c Hu nd KM e Ful.ly.hupman oclkonal, anti bodi es .t o. NGF were
prepar e d u Sﬁohnéﬁﬁ?@r??n%%%m anld th nt}gc%ns, %m)wed By 3—4 Weetks lﬁglmmumza%on

{(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,
15 HCol2, HCo7+HCol2, and KM strains were immunized with 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 ef al. supra. Briefly,
microtiter plates were coated with purified recombinant NGF from E. coli (Example 1) at

20  1-2 yg/mL in PBS and 50 gL/well incubated at 4°C ovemight, then blocked with 200
pLiwell of 5% chicken serum in PBS/Tween (0.05%). Dilutions of plasma from NGF-
immunized mice were added to each well and incubated for 1-2 hours at ambient
temperature. The plates were washed with PBS/Tween and then incubated with a goat-
anti-human IgG Fc-specific polyclonal reagent conjugated to horseradish peroxidase

25 (HRP) for 1 hour at room temperature. Plates were washed with PBS/Tween and
incubated with a goat anti-human IgG Fe-specific polyclonal reagent conjugated to
horseradish peroxidase (HRP) for 1 hour at room temperature. After washing, the plates
were developed with ABTS substrate (Sigma Chemical Co., St. Louis, MO, Catalog No.
A-1888, 0.22 mg/mL) and analyzed spectrophotometrically by determining optical
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10 HCo7+HCo0l12, and KM strains of transgenic mce, each of which expresses
human anti body genes. In each of these nobuse strains, the endogenous nouse
kappa |ight chain gene has been honbzygously di srupted as described in Chen
et at (1993, EMBO J. 12:811-820), and the endogenous nouse heavy chai n gene
has been honbzygously disrupted as described in Exanple 1 of International
Pat ent Application Publication No. 15 WO 01/09187 (i ncorporated by
reference). Each of these npbuse strains carries a human kappa |ight chain
transgene, KCo5, as described in Fishwild et at (1996, Nature Bi otechnol ogy
14: 845-851). The HCo7 strain carries the HCo7 human heavy chain transgene
as descri betknsity (OI8.at Ravaedgthsideom 415495, 180.6 Mige, $illo s &G entdivels bf ZdENGH 7

(i ncorporated by reference). The, HCo strai [ the H uman heavy
Cha 0o ¢ v Sieet i SR bers %4 4 PRoeieg pbsostonf enas Peskifecioaloan,
Application Publication No. WD 01/09187 (incorporated by reference). The
HCo7+HCol 2 strain carries both the HCo7 and the HCol2 heavy chain

transgenes and is heni zyvqous for, each transgene. ,Th M. m conprises the
SC20 heavy @Wﬁ“%@%ﬁéﬂ%‘sp"&g‘éﬂg wyan W%ﬁ?‘?&ﬂﬁw‘aﬁ!’ 997, Nature
CGenet . , 133-143 and 2000, _Proc. Natl. Acad. ,Sci, 97, 722-727). This 25
transgenL’(Ga is no °ﬁf”5‘§rp§7péffdif?ﬁ%°n3°mﬂ§ﬂh ¥ BEog }’Yg’ﬁ?s':'fl%“i“ﬁé’%lwa
propagat ed iagavafiousiyl @R NERIE sachfiREDPlechs FeREthoved Rerédfid "BRY mbie! udes
approximately 15 MB of = human chronpsone 14. It contains the entire human

heavy chai rePisgeaiesi ereuisplagd drom thg HuMpb apige japd fyeedewisle JBEH S aameusal | heavy
chai n Const @fior G1Pfind S0/ BfRtardAbrbtoddls.! F9Siallys 168 : f‘ﬁ‘ﬁ%ﬂ{ Glfihdat O herein

as HuMab m ce. HuMab | muni zati ons: To genérate uman nonhocl onal

anti bodi es vere ReformeVab mice were inmunized with purified recombi nant NGF

derived fromE. call cells as antigen 5 (Exanple 1). General inmmunization
schenestd or HuMddielycsingle eeld suspensiang 4f replepieblpmphasiytes tfrofml §Bmyninésl mice

368: 856- 859; _ Fi i ﬁ[m[ nm '! ggﬁﬂ PE\IE &0 l'ication
Publ i cati onwﬁg.fé%%g?%ﬁ)gg%?het e tegggﬁﬁgsskgé'gggac o1 WA C a?né’e 1’3‘98
i ncor por at ectllbyATEC cAamresign Nod CRL 1630 v6th1 BWBEGSSipginang Eellspwere tphated atr St
i nfusion of _antigen. Asputi.fied reconbi nant. preparatjion, (25-100 jjg) of NG
anti gen Wasapggaggnqﬁgly 1{9) Mﬂﬁﬁ?&(’ftﬁ@ ’ﬂﬁf%ﬁ’r WE"@ fﬁﬂ?"f?ﬂp‘@'ﬁ Bireio ‘Y/Jet(lP) or
subcut aneouinbtybai®Cln selective medium containing 10% fetal bovine serum, 10% P388D1-
15 (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, S0 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.

20 The resulting hybridomas were screened for the production of antigen-specific
antibodies. Individual wells were screened by ELISA (described above) for human anti-
NGF monoclonal IgG antibodies. Once extensive hybridoma growth occurred, mediom
was monitored usually after 10-14 days. Antibody secreting hybridomas were replated,
screened again and, if still positive for human IgG, anti-NGF monoclonal antibodies were
25  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.

Selection of Human Monoclonal Antibodies that Bind to NGF
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| muni zations of HuMab transgenic m ce were achi eved using antigen in
conplete Freund's adjuvant and two injections, followed by 2-4 weeks |IP

i mmuni zation (up to a total of 9 imunizations) with the antigen in

i nconpl ete Freund's adjuvant. Several dozen mice were inmunized for each
antigen. Atotal of 118 mce of the HCo7, 15 HCol2, HCo7+HCol2, and KM
strains were imuni zed with NG- antigen. The inmune response was nonitored
by retroorbital bleeds. To sel ect HuMab m ce produci ng anti bodi es that bound
human NG-, sera from imunized mce was tested by ELI SA as descri bed by
Fishwild et al. supra. Briefly, mcroliter plates were coated with purified
reconbi nant NGFADrBHESA assey Bs deserbgd] aboty was upgl to soreeg| for hybridopss el 50

Chi oken sortn i by sl BeBor tgiofiel Ml oceiths Emcffend? U1 o

m ce were aatieulyttioat ekl widh high addibntouGF edrd subeldne? and ferthenthasavizriesd.

t enper at ur T l.at es shed. wi t h PBS/ Tween.and then incubated with a
goat - anti %n@ﬁnqowggcgé@%%ﬂ’pg%% r%%é?ﬁ?“ oﬂf aargfxte (i#oés

hor ser adi shicpafhinsd 8aBLIEA), (Wi Thoden forlmblabg adl-10 ORNCEIEBRET Adred & Liflidt es were
washed wi th PBS/ Tween and incubated with a goat anti-human |1gG Fe-specific

pol ycl onal W‘@%ﬂ&%nt conjugated to horseradi sh peroxidase (HItP) for 1 hour
at roomtenperature. After, washing, the plates were developed with ARTS

substrate (Si gmincHeRpespecifis. BLIGA wag, pegformad) tocdetsimine g isolwpe sdgthe g 22

mghnl) and aRRkNAR dni ks (RORREL BR ifsd163h nkrely ﬂﬁ%h%ié‘é:{f:%ﬂexﬂﬂ?ﬂﬁ%ﬁteﬂ?
density (OD) at wavel engths from 415-495 ran. Mce with sufficient titers of
anti - NGF Iplstemellhwensogetod with FOuds/eell efarsoluiop 06 d ugimbrof pehsraati-amen bodi es as

descri b . rati . i in . | Qnal

ant i bod@gswt%%c@ ﬁggé)rlﬂ%girtéedg ;or ?r{be%g bngpgygmgﬁgr%gucti on by
boosti ng widhivkemsdrgantheipiitesawem oemsted Withdsupsmbfitofremsach ickted eyonacianatpl eens
were renoved,, reafter. .Lhe nouse enocy.t e re i.solated fromthe HuMab
i ce tna f JOSol P e PEESRIIREDL RBiSE R haRaeR M RipPeehie
protocol s. Tymb@s! IThe vdlis A0eré tteh aestel oritte eious hiunge gG-¥eidictofendisrd. 10
Briefly, single, cell suspensions of splenic | ynmphocytes fromii nized m ce
ver e fused ReBPXiiaee-gamineptsd goat ﬂ\ﬁ‘?ﬂ?&md&ﬁgﬂéﬁlﬁ%“@ P s‘é??é‘?Y%%use

nyel OmMeys  and analyzed as described above.

Monoclonal antibodies purified from the hybridoma supernatants that showed
significant binding to NGF as detecied by ELISA were further tested for biological

activity using a variety of bioassays as described below.

20 Example3

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.e., NGF “neutralization”) was evaluated by measuring the ability of
each modified peptide to block NGF induction of vanilloid receptor-1 (VR1) expression.

25
Dorsal Root Ganglion Neuronal Cultures

Dorsal root ganglia (DRG) were dissected one by one under aseptic conditions
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
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cells (ATCC, Accession No. CRL 1580) with 50% PEG (Sigma). Cells were plated
at approximately 1x105/well in flat bottommcroliter plates, followed by
about a two week incubation in selective medium containing 10% fetal bovine
serum 10% P388D1 15 (ATCC, Accession No. CRL TIB-63) conditioned nmedium
3-5%origen (IGEN) in DMEM (Medi atech, Catal og No. CRL 10013, with high

gl ucose, L-glutam ne and sodium pyruvate) plus 5 nmM HEPES, 0.055 mM

2- mer capt oet hanol, 50 ng/nL gentanycin and | x HAT (Sigma, Catal og No. CRL
P-7185). After 1-2 weeks, cells were cultured in nmediumin which the HAT
was replaced with HT. 20 The resulting hybridomas were screened for the
product i on (hadast Riyen- Wilmingtos Mt | BB axere coldicteddinaliceweld &-Memediscr eened

by ELI SA (d hhed f . . L bodi es.
Cnce ext ensi iRt Rt (5 CARALE R vear o ARENEA Mt @RABRLECT U
after 10- 14amdawny loogntanediye siese ahd bigodydssel wera semeved. TheoDRGewere risseieened
again and, jf stillaposjtive.fo uman | { iz N n al ti bodi es
were 25 subBREHELCRL T‘rbda@tgv t'Wc@“@?ccpisnﬁ'h?’%?@%S?Lﬁfﬂq oﬁﬁ?ﬁ@ﬁ%&@ﬁgyé ubcl ones
were thes cdibdeBRL). Mhe DR Werb thef Besoiiid iERBIglexdl baépendbn wiig HRini N tissue

cul ture nmedi,um for characgterizatign. Selectign of Human Mnocl onal
Ant i bodi es HifseFAEOD Fysteny &@WR@‘E@F@Q& yFreshdd M Beeha BREYEs used to

screen for Hyiiated B Aidetifn sohtBHREhtBRRE 20 WPmI 8BGdphiviih YaMb’k BaliFedi sapUNOgeEN.
Hybri domas secretin nonocl onal antibody that "bound wth high avidity to

a
NGF were s u&dﬂ@ﬂéﬂBgﬁhﬂﬁG PE farrfiftyhrainates. eCells ovbre disyogiated diydrifuration tuoigh
hybri doma, i lL.ned.the reactivi .parent. cel | 5,d rm ned by
B 1S s el PR hipehes LEE G eloh AL g o Sastiem £ £
ni trogemd Aflj sbt sghnls peohdutsid Elithi¥oraandoer f aigrmid évaibieiugr mmde 0008%i sot ype
of the nongclonal ?nti{)&&i!es)eproduced as disclosed herein. In these

ﬁ?/‘rllPBF‘i T8y (%

experi nment s} wells were coated with 50 ,uUwell of a
solution of 1 p .of nouse anti - human ka |ight chajn in PBS and

i ncubated at 4C HPgH .°°§3Ft"\é¢i‘°mrﬁ6@ia %\MSE‘PT }Be’glﬁl“@%é‘?d@m‘ﬁﬁhe pl at es
were react egh BBSY cortmamgatl amfl bedtnReRinhBRCd MRASCHAMAMIn afd bloshs and a
purified isotype control. Plates were incubated at anbient tenperature for

1-2 hours. PHasenelrl sygneasion s cenftifugerd Wroughy s eradiest selution reperaipedlfi c

hor ser agl Shyg/mi ovomucoid inhibitor, 10 mg/mt ovalbumin at 200 x g for six minutes to remove
cell debris, and then filtered through a 88-pm nylon mesh (Fisher Scientific, Pittsburgh,

PA) to remove any clumps. Cell number was determined with a hemocytometer, and

cells were seeded into poly-orpithine 100 pg/ml (Sigma, St. Louis, MO) and mouse
laminin 1 pg/mt (GibcoBRL)-coated 96-well plates at 10 x 10° cells/well in complete
20 medium. The complete medium consisted of minimal essential medium (MEM) and
Ham’s F12, 1:1, penicillin (100 U/ml), streptomycin (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-fluore-2’-
deoxyuridine (75 4M) and uridine (180 pM) were included in the medium.
25
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

conceniration of 10 ng/ml (0.38 nM). Positive controls comprising serial-diluted anti-
30 NGF antibody (R&D Systems) were applied to each culture plate. Test antibodies were

.
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per oxi dase- conj ugat ed goat anti-human pol ycl onal antisera and plates were
devel oped |5 and anal yzed as descri bed above. Mnocl onal anti bodi es
purified fromthe 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 bel ow. 20 Exanple 3 Sel ecting and

Cl onine anti-NG- Anti bodies with Potent NG Neutralizing Activity, The

ef fectiveness of the antibodies initially identified in Exanple 2 as
inhibitors of NGF activity (i.e., NG "neutralization") was eval uated by
measuring the ability of each nodified peptide to bl ock NOF i nduction of
vani | | oi d raidebetoten Tocgfirjtiopx psing 3il6rfold RalBbhgens. RADtof Ghe gdmydes Werar onal

Cul tures Dog.sal,.rqo i wer i.ssected on .one_under, aseptic
condi ti ons @%%%%plg%%&é%)ﬁeggﬁdgn%%oc | 'Q-Eﬁ%uﬁ PE8Y0r at s t hat
wer e sur gi clidutsyprior @mmaedehendiof VRE expression. of ti med- pregnant, termnally

anest heti zed Sprague-Dawl ey rats 79 (Charles River, Wl mngton, MY). DRG
were collected in ice-cold L-15 nmedia (G bcoBRL, Gand Island, NY)

cont ai ni ng 5% heat inactivated horse serum (G bcoBRL), and any | oose
connectiye Megatmenn VRI Eagressensia|DRGWegornsenoved. The DRG were rinsed twice
in Cat+- and Myz+-free Dul becco's phosphate buffered saline (DPBS), pH 7.4 5
(G bcoBRL).OI The duGresvaiers fiztedrvith %wamh' ﬁlldbhyﬂeixﬁi-]aﬂ&se?ﬂaog;bd sa;smn@holndusi n?
a papain L ssQci atjon stem (Wort hi hgt gn Bi ochem ca rp,, Freehold, NJ).
Briefly, DRST Rre miiEs et P&fha?ua?r@@ (fosress Kogklogth Lok AR PrimsePilimsd i of
papai n in Egjil 6.28%59bm8% $da5aifma) S0l THsLIAO ufttred ¢5tide QTR KdrYonl NUL €5.
Cells were dissociated by trituration through "fire-polished Pasteur

pi pettes i nhoar af reeddsraperasre muituies wereginged enge with DY qantaining9.2% Tween: 1, 1

mim o oo _ L . ) 0

deoxyri g(gnucl desg%%ﬁll%‘?ﬁﬁggs%@. I&faagg{t ggtgggg?% Lféc?e esaﬁgglr]ge’h%gﬁ %?% E’ét A 200 x g

for five nitempeasturenfbllowed bypavbiatibn of EubBSSdcomitrabtii sgond angibndy (Walimocoi d

i nhi bitor, 1 n 0. %, DNase. b sus | S

centrif uged@’@%%%hﬂé%(ﬁ?ﬂ 8%619651%&6%? "gfr(“’é‘%fr?{“iﬁ“%i Sgas & Wi fB @X%e
minutes with slow shaking) were applied after each antibody incubation. Enhance

solution (150 pl/well, Wallac Oy) was added to the cultures. The fluorescence signal was
15  then measured in a time-resolved fluorometer (Wallac Oy). VR 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 that were not NGF-treated. Results are given in Tables 2 and 5.

20 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 vial
comprising hybridoma #124 (4D4) was grown and labeled #167 (4D4).

25 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 activities of the 4

samples are shown in Table 2.
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15 nmg/ M ovonucoid inhibitor, 10 ng/m oval bumn at 200 x g for six mnutes
to renove cell debris, and then filtered through a 88-m nyl on nesh (Fisher
Scientific, Pittsburgh, PA) to renove any clunps. Cell nunber was
determned with a henocytoneter, and cells were seeded into poly-ornithine
100 ag/m (Sigma, St. Louis, M) and nouse lamnin 1 ug/m

(G bcoBRL) -coated 96-well plates at 10 x 103 cells/well in conplete 20

medi um The conpl ete medi um consi sted of mnimal essential nedium (MEND and
Haml s F12, 1:1, penicillin (100 Urnl), streptonycin (100 g/m), and 10%
heat inactivated horse serum (G bcoBRL). The cultures were kept at 37C, 5%
CO2 and 100% hum dity. For control | Magle2he growt h of non-neuronal cells,
5-fluoro-2'- deoxyuridine (75 M and uridine (180 pM were included in the
medi um 25 Treatnent w t h |NGE-bNGH activity in NBG cellnsiig038 $ after plating, cells
were treated with reconbin (Angen) or reconbi nant rat R-NGF

(R&D Systens, M nneapol i s,%gﬂﬂ&’a.t_a coffééhtration of 10 ng/nm (0.38 nM.
Positive controls conprisi|Rgeem P4 4| |[§%™nti 30/NGF anti body (R&D
Systens) were applied to egghE: ) A mMrocy antibodies were 80 added
at ten concentrations usin )J—d—éﬁﬂl‘idi—l—ut-i—)ns. Al'l of the sanples
were diluted in conplete ) WP 48"y added|to the cul tures.
| ncubation tine was 40 hours prior—toneasturenent—of VR expression. 5
Measurenent of VRI Expression in DRG Neurons Cultures were fixed with 4%

par af or mal dg| ' » anld, |1 . solution for fifteen m nutes,

bl ocked wi ?ﬁl} up’é&rlgfcﬁ%ﬁé’?%’? erc%?%g%g%%gr , IL), and perneabilized wth

0. 25% Noni det P LR F | S- o (S uffered saline (TBS) for one
hour at room ter?é‘g?éﬁsur e. gJP¥£t§d3§amkgfhg&r§%%g%‘#lg&n%3wmﬂeﬁ“%§%8&%31‘ ning 0.1%
Tween 16 2Geqdsncing pndihG/NI$ enebpsise dAmtitiolies alstei purifind frevRbnlitienddomedindy and

one-hal f hours at.room tenperature, followed by .incybation of Eu-|abeled
anti - r abbi t°°§@3mgatﬁ‘f W@'&%‘Pﬁéﬂnﬁ%ﬂ ¢ WBPY]\SDKEPI'H Iﬂfchc’i‘H_Bﬁ WeS)fesg fhan I%_ur at
room t enperml UA &atchass h o A (PRarchEsa) (rdsiaf wab Washelll 43 Ukies PRE ahd 5! 59w, slhaki ng) were
applied after each_anti body i ncubatigon. Enhance  solution (150 |/well,

Wl | ac Oy) Weds wgdBY fodlowirig the lagh 3ash. Than fapprpaate cament jof nefroAyargsin
(approximately Sug antibody/ ul resin but use no less than 50 ul resin) was added to the

10  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 0.1M glycine (pH
2.7) was added at 1.5x volume of resin and incubated for 10 minutes at room temperature

15 followed by another centrifugation for 3 minutes at 10000 rpm, collecting the
supernatant. This elution step was repeated two more times and then the combined
supernatant was neutralized with 1/25™ volume of 1.0 M tris (pH 9.2).

After a final filtering step through a new Spin-x tube (0.2 um) the antibody was

quantified using a standard Bradford assay using human IgG as the standard or

20  alternately absorbance at 280 for larger samples. A gel was also run using with 2ug of
each sample alongside 2ug of human IgGlLk (Sigma). For mass spectrometry, four
micrograms of the samples were deglycosylated, reduced, and loaded onto an HPLC
(HP1090) on-line linked to a Finingan LCQ mass spectrometer. The light chain was
separated from the heavy chain by reversed phase HPLC. The light chains and heavy

25  chains were also collected for N-terminal protein sequencing analysis.
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15 then nmeasured in a tine-resolved fluoroneter (Wallac Oy). VRl expression
in sanples treated wth the nodified peptides was determ ned by conparing
to a standard curve of NGF titration from0-1000 ng/m . Percent inhibition
(conpared to maxi mum possible inhibition) of NG- effect on VRI expression
I n DRG neurons was determ ned by conparing to controls that were not
NG--treated. Results are given in Tables 2 and 5. 20 The cell lines were

| abel ed #1104129. Antibodies fromcell lines #119, #124, and #125
denonstrated extrenely potent NGF neutralization activity (Figure 1). The
#124 cell line was a parental cell line, also referred to as 4D4. The #119
and #125 cel|l Bethe-ierorinal sefuencen of thoflighhehaitDmddeawnchainief theldarhplonél sanpl e

| bl od 1A (16 DAL BRI Sbel kil RS Yo T B e

subj ect ed tNGF HElSs@iDd) BitiBodye lir additivasthd nidaburetbmbssadfithaintibadiesidicated t he

previ ous s les. | body. #167 (41 trated stro anti NGF
activity vﬁ&ﬁ ﬂg%m?% %P%&gg‘?mw]éﬁr"@g %{P&s&m@ﬁmgf °f°c@g§?%?-emlewi th the
activity ofmeasited, @scoh¥diBied Hladd (23098) of 12Tight BIRPER dnhiNGE $16f mhidBeddthe SANP! €S
are shown in Table 2. 81 Table EI-hN activity In DRG cells using 038

2 An
nM hNGF Codeeesirediass (23096) ofthglighbohamolany NG ABUI par ent) <0.57nM 125
(from 124) <0.3 nM 167 (fromsanme sanple 0.50 nM as 124 N Term nal
Sequenci ng and Mass Spectronetry Purified anti-NG- hybridoma anti bodi es
sanples were prepared for protein 5 sequencing and LC/ M5 anal ysis.
Ant i bodi es @tEe e ans-NaF Anidaddery endkight Gheisa by concentrating the nedia
using Am con centriprep-30 until the volume was less than 15 m. A batch of
r ProA (Phar naci ahe hpkridemasexpressingethe moshpotpnt PHSF Sinding mongrclonalr gojibody,

10 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 c¢DNA ends) preparative assay was performed using the
GeneRacer™ Kit (Invitrogen) according to instructions from the manufacturer. For

15  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™ nesied primer and the reverse primer was 5°-
TGA GGA CGC TGA CCA CAC G-3’ (SEQ ID NO 35). RACE products were cloned

20  into pCR4-TOPO (Invifrogen) and the sequences determined. Consensus sequences were
used to design primers for full-length antibody chain PCR amplification.

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

25 GGA CAT GAG GGT GCC CGC TCA GCT CCT GGG-3’; SEQ ID NO: 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 Sall, and
then gel isolated and ligated into the mammalian expression vector pDSRa20 (see

30  International Application, Publication No. WO 90/14363, which is herein incorporated by
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made in PBS following the | ast wash, An appropriate anount of rProA resin
(approxi mately 5ug anti body/ ul resin but use no | ess than 50 ul resin) was
added to the 10 anti body sanple and i ncubated overnight at 4C. The Ab-resin
m xture was centrifuged and the unbound fraction was collected. After
addition of 0.5 m PBS and transfer to a 0.45um Spin-X (Costar) tube the
sanpl e was centrifuged at 10000 rpmfor 3 mn. The resin was next washed at
| east 3 times with 0.5 m PBS and then of O IMglycine (pH 2.7) was added
at 1.Sx volune of resin and incubated for 10 m nutes at roomtenperature 15
foll owed by another centrifugation for 3 mnutes at 10000 rpm collecting

t he supenmtfemstce Hhiagy hrposonpbiRe20vss pedeaticyy changinp meclestide 256hdn t hen t he

conbined s r ant was neutralized wth 1125a volunme of 1.0 MIris H
9. t2_).b g\fterpbgﬁf‘ r fg d%‘?"i’*’_ﬁ‘ﬁ é’ta@pt ﬂ’g&lﬂ‘bﬁbyaﬁ“ﬁawfﬁﬁfﬂﬂt&g&?%%’-(ohz urr)l'EE;e
ant i body was antifi.e ng a,.stan r sa unan as
the st a%dar d o?hlorﬁepzfpfl%Fﬁgﬁe%%@%ghgéﬁﬁﬁgﬁw ﬁ“‘? é‘FéZPegé’Hﬂ}eés. %\ gel
was al SO I Wcoded the awiitid tedHiguObf theSpnad SptRe AnQYIS kdiRichotd er@imb Wii@aAnd 04 | k

(Sigma). For mass ectronetry, four 1.crograns of the sanples were
degl ycosdy! noRimizeh hozek seHench S3HeAC G AHCIPLECTA PASIACHAT O | i nked to

a Fi ni ngan dGG085CE A COORIGT TITRET TEPr-PhSikQ WAT0: REPREA Pinder OM t he
heavy chain by reversed phase HPLC. The |i ght ch(gi ns arﬁ?heavy%ZS chai ns

were al so cuvdded thecparhoxyiNeraings and) teprinstien sodomg s well ag 2 sfall| rgstiiction 8ite Bot h
N-term nal ' ' d ' f | e of
anti - NGF #1@?@?&33?15&‘%{1} 0 yAm?t:Ahcggégoq?ﬁal\% Jg?}nq{%g{@&één}d%éégggn%ﬁg?he sanpl e
of anti- NGB).#Th®Oresuliidg pexdtictivesdypurified, digested eith Xbak amb Sl rgetisolared and t he

anti bodj es i ndi cat ed af . the isolated antibodies fromthe #167 and #119
hybr i doirpas %ﬁm&@eg&ﬁ@%@ug measur ed, deconvol uted mass (23096) of the
| i ght chain of ti- #167 dth neasuy ed ss (23096) of the light
chain of anti N@e NBH%T@ “’é?sgz;r‘?ﬁg & %I‘E'F@AW itﬁ‘ggj?h"ﬂfeﬁlf:ymé%@nﬂi"ght
Chai ns The se(gﬁﬁded@@e@&ea Qg Seids amd RiRing Db (N moliciidi %i{ga%rtq%enal

10 4D4

ant i body, was used as sources to isolate total usi ng

TR zol (1) ra=vepeasids(ofiihe PNdgieayence o thaslight chaimef aatGEAb 4D mlane suesched usi ng a
random pri i i lsnbePro T N NNN
R PT35S T
15 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 hybridoma
20  #119 expressed the same aniibody as hybridoma #167. In addition, the calculated mass

of the antibodies based on sequence further confirmed the observation.

Table 3 — Summary of Mass Spectrometry Findings

i NGF Ab Measured mass of Measured mass of | Theoretical mass derived from DNA
anti N Ab #167 Ab #119 sequence of Ab 4D4
light chain 23096 23096 23099
eavy chain 49479 49484 45484

25

Example 4

84



(rapid anplification of cDNA ends) preparative assay was perfornmed using the
GeneRacerTmKit (lnvitrogen) according to instructions fromthe

manuf acturer. For 15 preparing conplete |ight chain encoding cDNA, the
forward prinmer was the GeneRacerTm nested priner, and the reverse priner
was 5'-GEG GIC AGG CTG GAA CTG AGG- 3" (SEQ ID NO 34). For preparing cDNA
encodi ng the variable region of the heavy chain, the forward prinmer was the
GeneRacerT'" nested priner and the reverse primer was 5 - TGA GGA CGC TGA
CCA CAC G 3" (SEQ ID NO 35). RACE products were cloned 20 into pCR4- TOPO

(I nvitrogen and the seguences determ ned. Consensus sequences were used to
desi gn pri K3Reessipn of M hAntbadies; in Chinese\Hamster- Dvary son. For
preparing cDNA encodi ng ant i - NOF 4D4 D7 kappa |i ht chain, the 5° PCR

primer encoded SwdlegrpRIInAthe, 44 anti-NGE @XQW&F achisyad by €o-tansioasian of

O T Cra ATEHT b BIRATS 180K O D S RS i BB GE YD
NO  36). Tfkspp%/ DS 9 8lasBidO RS diterofaitd Q¥dhbtadeCleticitid gﬁ#& efinil@bd On codon,
as well as Sa|I restriction sife (5 -CIT GIC GAC T CTC TCC CCT O1T

GAA GCTSC 3dapteyE©hmEﬁmmsts7pvmwh@H®s a¢llsi neingP@Reaeivaiuphosphaig) mathodnas
purified, A | . ' t nd | igated
"o the. e apafodlssrbrg Sl el o ABlhing Bt B Corllng

Appl i cat i orhypdaithinediynudingldo chifdrd thelg8€B, ofidells lexpressivgr the MDHIR enpareat ed by

83 referen ur pose. Ra20 was rodu changi ucl eoti de
2565 1 n - pricatbeef FPh R S oy iR RAfEn TR ot det e ¢ o

r5mt g%eR nesi E‘exﬂressﬁﬂrofgﬂé-pﬁlmm‘(m? eAMAirethe eﬁklditg)n?mtﬂed1uNG:'I‘l¥HJﬁl ghdét HORYnE h()a(ionl t he
' pr| r encoded the anming term nus, o si gna u anXba
restricty on?"é‘ﬁszﬁ’/ﬁ’? %‘g i fporagsing, WFF%“?%"% Rt"%é u@ri %’5%}% CAG AAG

CTT CTA GAGnipAcdd. NBER oS Tt 8Hoi e e RHerceled v adnds s@@arasTﬁIm:& i8'01deSEQ | D NO

38). The 3' prinmer encoded the carboxyl term nus and term nation codon, as
wel | as a daldetetchigher ckprassion; ofedD4 anti-NGE maly iwdhe conditionyd “@CGT@\G ACA GGG

?iGIAi 3 3a,nd e%t%%sméa%t% E%j&%&?%gﬁﬁgﬁﬁﬁ \é@? R%H{):Dfs vect 2 EdT\r,1wet "

cal cul ated m@@@@@@@l@t}w&é’cdb‘o@m ned by translating the nucleotide

15 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 vector capable of expressing a

20  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 comprising the amino acid sequence set forth in SEQ

25 ID NO: 44. Table 4 summarizes complete heavy and complete light chains for the 4D4
antibodies having various IgG heavy chain constant regions,

Table 4

Heavy Chain Variable Region
Antibody + Complete Heavy Chain
Heavy Chain Constant Region
4D4(1gG2) | SEQID NO: 10 +SEQID NO: 4 § SEQ ID NO: 40
4D4(1gG1) { SEQ IDNO: 10 +SEQIDNO: 2 | SEQID NO: 41
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sequence to predicted am no acids and addi ng toget her the nol ecul ar wei ghts
of the amno acids, of the DNA sequence of the light chain of anti-NG- Ab
4D4 cl one matched the neasured nass as determ ned by nass spectronetry. The
measur ed, deconvoluted 15 mass (49479) of the heavy chain of anti-NG- Ab
#167 matched the neasured mass (49484) of the heavy chain of anti NOF Ab
#119 and al so matched the theoretical mass (49484) of the DNA sequence of
t he heavy chain of anti-NOF Ab 4D4 clone (Table 3) wthin instrunental
deviation. The data of N-term nal protein sequence and LC/ M5 confirned that
hybri doma 20 #119 expressed the sane anti body as hybridoma #167. In
addition, the cal clul at ed pHesy Chain MarebleRegipbodi es based on sequence further
confirnmed the obserd™Ped$n| Taple 3 - ry Q?F‘PNE&“VSE%'E onetry Findi ngs

anti NGF Ab Measureg#Bs ) Dok sﬂ"i‘ﬁ’vﬁ meat—pss derived from
DNA Ab #167 Ab #JW% I NS \,0445696 28096 23099 ea
chai n 49479 49484 25 EXanptre 484 oresstom of AT NG Ant i bodi es
i n Chinese Hansteri Ovary Chth Vriable REJida cXpr €ssion of _the 4D4 anti - NGF
mAb was achi eved byAwibedyr pnsf ecti o+ of  41) 4- hesipléte  hphi CapDBRa19 | g& or
4D4- heavy cbai n/ pOSR_al19 gwﬂtlkﬂgnal pDSRal19 plasmi@ds into

di hydrof ol at e reduci4se dePEQIDN{G: 12 HSPRMNG &/ |\ fERIPNE: 4 adapt ed Chi nese
hanst er ovary (CHO cells using a cal cium phosphate nmethod. Transfected
cells were selected in nedium containing dialyzed serum but not containing
hypoxaant hi¥mampheFi di ne to ensure the growh of cells expressing the DHFR
enzyne. Transfected cl ones mere screened using assays such as ELISA in
order to defths g thepkosivi =N yhautibidiesmAb i n the conditioned

medi um The hi ghest expr ESSI ng 10 cl ones wer e Ubj ected to increasing
concentrations a’ﬁanmntlnowwsadanpm 4Dé antibedies, genpratefliic aellsagrown/Mxdeanpl i fi ed

expr ossion By Sitelten @l RRARE ik a priopR el BT nefahE RSr M O

in a DRG neuron based NGF neuiralization bioassay, performed as described above
(Example 3).

The NGF antibodies were expressed transiently in serum-free suspension adapted
293T cells. Transfections were performed as either 500 mL or 1L cultures. Briefly, the
10 cell inoculum (5.0 X 10° cells/mlL X culture volunr:w) was centrifuged at 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 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-
15  Glutamine + 20 mM HEPES + 0.01% Pluronic ¥68] in a IL 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
20  pg plasmid DNA/mL culture was first added to serum-free DMEM, followed by 1yl X-
TremeGene RO-1539/ml. culture. The complexes were incubated at room temperature
for approximately 30 minutes and then added to the cells in the spinner flask. The
transfection/expression was performed for 7 days, after which the conditioned medium

was harvested by centrifugation at 4,000 RPM for 60 minutes at 4°C.
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hi ghest expressing clones were subjected to subcloning to obtain a
honogeneous popul ati on and creation of cell banks. 15 Reconbi nant anti- NG
. anti bodies of the invention can be generated in Chinese hanster ovary cells
deficient in DHFR using the sane protocol as described above for the
anti - NGF nonocl onal anti body. The DNA sequences encodi ng the conpl ete heavy
chain or light chain of each anti-NG- anti body of the invention are cloned
into expression vectors. CHOd-cells are co-transfected with an expression
vect or capabl e of expressing a 20 conpl ete heavy chain and an expression
vector expressing the conplete light chain of the appropriate anti-NG-

anti body. For eKemssllex batlde fansisntiansfentéonaive W%’ﬁmﬂg@ﬁyﬁ celisefrpwn apd e

co-transfe :‘f:ﬂaiﬂérf cRRA A resshid. vy chain
conpri si ng%t e amﬁn]gMggE lequenggﬁtgg@gﬁgﬁoﬁWnﬁﬁgmr%ﬁhg@% 'gnd a
vect or capd®l BenoStrepeGint ¢SS fgdium Ryrqyatet Approxjiatetyh a4 XcIO2O3 B icelly wére ani no
aci d sequenc et forth in,.SEQ 25 |ID NQ, 44. Table 4 s I zes conpl ete
heavy and C"‘S%ﬁ?é?@ O R E(?Jr]% %%%PVWN&%%BG pgmquﬁgﬁg%@%{}ﬁ NFVEFR ous 1 gG
heavy chai nraisfagédinhe rfelivang - dayaldify FuGeR®Y Yrakstettitn iRigeah | TheREENON.. Ant i body

+ Conpl ete Heagvy, Chain Heavy Chain Constant Region 4 2 5 |D NO 10 + SEQ ID
NO 4 SS mm%?éa&e TeRgeHt 1““§B‘¥| RioPrrpared |mammﬁ?xwﬁé5 wh sepunfigayy Chain

Vari abl e ReagemL, 475 | d) GlGettecCRIMRIeBIG RGN wed Fidl adlRR YolloWRAIHY ﬁQDﬁ%@nt Regi on
4D4 S)i IDNO 10 +'SITDNO 6 5 IDNG 42 4 3 1D NG 10+3 TDNO 26 SEQ I D
NO. 43 Li gHasmich BNA. VEhe) eompdexrues naubated ab sepm fenmepgpiretfer 3O grinutehdbe  Li ht
Chai n Constgple mgPdwittherkadel 108 rdifer Bottle. FReYsdter Bottle wa? ghded Hth a 5%
10  CO; gas mixture, capped tightly and placed in a 37°C incubator on a roller rack 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
15  conditioned medium was pooled together and 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
20 3). The results resemble the activity of the antibodies tested directly from hybridomas

described above.
TABLE 5
Ab IC50@ | IC50@
ENGF (nM) [fNGF (M)

4D41pG1 R 0,1488 >34 M

4D4.1gGL.5 0.1587 > 45 nM

4D4.1gG2.R 02047 | >59nM

D4.1G2.S 02063 | >371M

hNGF = human NGF, iNGF = rat NGF, R = Roller culture, § =
25 Spinner culiure
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Exanple 5 Characterizing the Activity of anti-NG- 4D4 Antibodies Transiently
expressed anti-NOF 4D4 anti bodies, generated in cells grown under 5 spinner
(S) or roller (R) conditions were tested to confirmtheir ability to
neutralize NG in a DRG neuron based NGF neutralization bioassay, perforned
as descri bed above (Exanple 3). The NGF anti bodi es were expressed
transiently in serumfree suspension adapted 293T cells. Transfections were
performed as either 500 nmL or 1L cultures. Briefly, the 10 cell inoculum
(5.0 X 105 cells/nL X culture volune) was centrifirged at 2,500 RPM for 10
m nutes at 4C to renove the conditioned nmedium The cells were resuspended
in serum fExempBMEM and centrifuged again at 2,500 RPM for 10 minutes at 4C.
After aspirating the wash solution, the cells were resuspended in growth
medi um [ Dviypduction ofauti-NGH Xntibody| i n- Tr ansf erri n- Sel eni um Suppl enent + | X
Pen Strep Qut + 2nM L 15 Gutam ne + 20 mM HEPES + 0.01% Pluronic F68] in a
I L or 3L spi nneAnfiiN{sk antibody iseproduSércbysqxipression inlaselénat ling off GHO@sllsodiont ai ned on

magneti c stj . at 125 .RPM whi ¢ I in a hum di fied i ncubator
mai nt ai ned %{h %@%ﬁﬁ %f&g.%% S&Egﬁlgldm%@%fgsm%c%eﬂﬁ%?%ﬁ&k §*

t ransf ec i anedise aTlentells nraglodmuihitiakn incaT-flash dollowed bNpinhecfigkeaid then r eagent
conpl ex was prepared in 5% of the final cylture I in serunrfree DVEM 1
20 g pl as m%‘gﬂ\ﬁ/ ?ﬁls?glr%amof*?rﬁsm&&'&agﬁuﬁ {9 ”saé)g)ﬂﬁge?oir@@mb%ﬁﬁgcpﬁ?l owed by
LTul X- Tr gpedeaeoltGh ASRBOD bidzeskctor bing 4 g SAPLBNARS iV@hih aNfttat fdgat room

tenperature for approximtely 30 m nutes and then added to the cells in the
spi nner f| £SR2INAgcon¢entrpied gedia sampsnts dsaddad iamaigtein enllgrorihand pulily s, after

whi ch the cgigid| PRAGRCEGRMND fol BDrPRRUET 156 WML Bty @Hgﬁgi%dg%ﬁiNdF 000 RPM

for 60 mnutes at 4C. 86 For rollTer bottle transient tran ctions, we used
293T adHer eantibasiis eongfitusivelapraducadibythe cells@nd seceignnt tharel velhreediimh 5% FBS +
| X Non-Essential Amno Acids + 1X Pen Strep Qut + 1X Sodi um Pyntvate.

Approxi mat el y, Zhe prodegiorpgadorcis| ontrofiedeat aspredeterminedapl35@mpereturepahér bot t | es

Gy using AICEYEL R Tt YEERSPnislcl b ltn gy b R S0 B ity 01 O 1

m xt ur e wasadpitiemalisselvedoxagen sxommiled yy din nrogén, aid sogengdsiloys.

At the end of production, the cell broth is fed into a disk stack centrifuge and the

15  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 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.

20
Example 7

Cross-Reactivity with Other Neurotrophing

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
25 NT3 and the assay of DA uptake in cultured DA neurons for human BDNF.

Treatment of DRG cultures with NT3, anti-NT3 and anti-NGF antibodies
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DMEM 675 pl FuGene6 transfection reagent was first added, followed by 112.5
jig plasm d DNA. The conpl ex was incubated at roomtenperature for 30

m nutes. The entire mxture was then added to a roller bottle. The roller
bottl e was gassed with a 5% 10 CO2 gas m xture, capped tightly and placed in
a 37C incubator on a roller rack rotating at 0.35 RPM The transfection was
performed for 24 hours after which the nmediumwas replaced wth 100 nL DVEM
+ I X Insulin-Transferrin-Sel eni um Suppl enent + 1X Pen Strep Gu + | X

Non- Essential Am no Acids + 1X Sodium Pyruvate. Typically, two 100m 48
hour harvests were obtained fromeach roller bottle. The harvested
serumfree 15 c®wdithousneiter atingnDR(3 cpido (ieglation gerodednreadaderitedt sbofeiged at
4,000 RPM f nut es_at .4C. Bth4 l.g and : S d, pot ent
activity WE(P)‘P?“P%&S%] %8% %Fmﬁ mtl%'ﬁﬁl fa(g 'ﬁ%%%%gﬁﬁ%‘% human
NGF ( Fi gur an2hNT3 hatibody (R&D)0kast ined a@hlpamhw esntol  Unlosowild (BRI-NG®dAl n Tabl e
5. The anti bo F'SSS Sh%gllt“e activit ai pst 3 ggﬁ Flgure 20 3). The
results red P?/VW“BF""("H@“&'H% 1@ poiph 3¢ 160l sesiak ilptionsy m

nybr i dOS AITIRS Gk cAOANfed i ABlaFife i Eort bling &2 the oI5, (1M NG
(nM D4.I d . 1488 > 34 nM S 0.1587 > 45 nM D4.1 &.R 0.2047
>59 nMI]4. CQ.S 0. 2063 > 37 nM hNGF human NGF, rNGF = rat NG, R =
Roller culture, S = 25 Spinner culture 87 Exanple 6 Production of anti-NG-

Ant i body Amémweﬁgfmgwr%s%qpm@j@gyongxpr ession in a clonal line of CHO
cells. For each production run, cells froma single vial are thawed into

serumfree cel | cotdée ﬁie&r%a;% E&}@mﬁﬁéﬂeﬁy&rﬁ RV balddold &bl s¥itigh @ T-T1ask
foll owed by spinner flasks and t
for 15 min, blocked with Superblock (Plerce) for 1 hour and permeabilized with 0.25%
10  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-mouse secondary
antibody (Wallac Oy, Turku, Finland) for 1 hour at room temperature. Washes with TBS
15 (3 x Smin with gentle shaking) were applied after each 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).

Embryonic Mesencephalic Culture

20 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 Ca™ and Mg™
(Gibco). The tissue fragments were dissociated into single cell suspension using a
papain dissociation system {Worthington Biochemical Corp., Freehold, NJ). Briefly,

25  tissue fragments were incubated in a digestion solution containing 20 unit/m] 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 dissociation medium consisting
MEM/Ham’s ¥12 1:1, 1 mg/mi ovomucoid inhibitor and 1 mg/m! ovalbumin and 0.005%
deoxyribonuclease I (DNase). The dissociated cells were pelleted at 200 x g for 5 min
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grown in stainless steel reactors of increasing scale up to a 2000L

bi oreactor. Production 1is carried out in a 2000L bioreactor using a fed
batch culture, in which a nutrient feed containing concentrated nedia
conponents is added to nmaintain cell growh and culture viability.
Production | asts for approximately two weeks during which tinme anti-NOF 10
anti body is constitutively produced by the cells and secreted into the cell
culture nmedium The production reactor is controlled at a predeterm ned pH,
tenperature, and dissolved oxygen level: pHis control | ed by carbon dioxide
gas and SOdI um car bonate_ addi tion; dissolved oxygen is controlled by air,

ni trogen, reswapgreded dm EBPS sopfaining ltmafnénmcob‘r 1, dmg/mhevalisintin br ot h i s

LESaiQESda DB DAL Gl SR, WP corkfl Hsbianct B BB o,

depth fil t@pntﬁ-miltd\ﬂedg/my ovorguoRidyinhibitér; $0 mg/Ehleovelbamirf 4t 200 xqnfbr Giminesl nedia i s

| < Concent rapef B4 e lsREGEE Afed biblol's 25 ke WA e BelS Bk € e

medi um i5s trémeveahd clanp rDreatsedated &dlls wgte fated nitisatei caliure platdsaz & Berds iy

purificatio | gt 20 Exa oss-Re IVIt wth O her
Neur ot r onhi® Eéﬁéfp]@/ e@ﬁtpf%%d’i’eé%pwg@% E’é'gé?g th @19%@{‘4 vity
agai nst - hurgdusdNTanifi 1%(@@&53@ dasffn%eﬁmy fab@ﬁs&am.ms nol &diing t he DRG

neuron survival assay for human 3 and the assay of DA uptake in

cul tured DRMERACEhSEROITH ﬁ‘unle?ﬁszlzﬁr@ﬁ@}renneoP@R@ dngdivan cgnsigted ofT3,

ant i NT3 andnipifsh edMHiaPRbAA AEST) 18R P12, hqunm,@a&@§erammuagy Gp! | s
(isolation procedure described above In were tréat W t h

r ecorrbﬂ:@antmmfﬁma aml)@ Snigg/mll ingudin §Sigmmyp). Sbwu&umamm@ut atéﬁ‘fﬁi,m@andl body
(R&D) was ‘%&al ye control. Unknowns (anti-NG- Ab sanples) were
added at varl ous concent rafions with 10 point, 3.16 fold serial dilutions. 5

Al'l the sanples were diluted in conplete nedium before being added to the
cul tures. I\/basurerrent of MAP2 expression in DRG Neurons Cultures were fixed

W th 4%parf m al h ﬁﬂﬁ'e aIt@@,tl n 15 mn,
bl ocked wi tﬁ uf)"gr‘ﬁ &f’ le'r"rc %ﬁ‘?"é"r"% ou?n erne g %Nggd with O. 25%
BDNF at 10 ng/ml was added to the cells 2 hours after plating, followed by serial

15  concentrations of anti-NGF Ab samples. Anti-BDNF antibody (generated at Amgen) was
used as a positive control.

D4 Uptake in Mesencephalic Neurons

Dopamine uptake assay were carried out as described previously (Friedman, L.

20 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, and the cultures were

25 washed three times with Krebs-Ringer’s phosphate buffer. Cells were lysed to release
[PH]DA by adding a lquid 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 inhibitor of the high affinity DA uptake sites
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10 Nonidet P-40 (Sigma) in Tris-HCl (Sigm)-buffered saline (TBS) for 1 hour
in roomtenperature (RT). Cultures were rinsed once with TBS containing 0.1%
Tween20 (Sigma) and incubated with nouse anti-MAP2 | gG (Cherni con,

Temecula, CA) for 1.5 hour at roomtenperature, followed by incubation of
En-1 abel ed anti-nouse secondary antibody (Wallac Oy, Turku, Finland) for 1
hour at room tenperature. WAashes with TBS 15 (3 x 5min with gentle shaking)
were applied after each antibody incubation. Enhance solution (150 m/well,
Wallac Oy) was added to the cultures and fluorescence signal was then
measured in_a_tinme-resolved fluoroneter (Wallac Oy). Enbryonic Mesencephalic

Cul ture 20 Bsikkile REcanddMegie by @’PEP@)’W&@&@%&E‘%@UHQ@% 1328k SarioLabs)

wer e used. Plaké d tlabtsd | ns was

renmoved andﬂ]%/?ansfte)?@aerdgﬁ‘?g&co | d, E%Jmeg%gco é%{)?g 23%3 er etgeeg%ai ne

(DPBS), pH affinity A uhiske valeer+ and My (G bco) The tissue fragments were

di ssociated into single cell suspension using a papain dissociation system

(Worthington Biochem cal Corp., Freeﬂ'@bhﬁ NJ). Briefly, 25 tissue fragnents

were incubated in a digestion solutjion containing 20 unit/m papain in

Earl e's Bal anced Salt Solutjon (EBSp) at 3[fC for 50 mn. Cells were

di ssociated by trituration through f'g -ppl i shed RFasteur pipettes in a

di ssoci ation nedi um consi st{i NGpYPV F1IC0@, (1 ng/ M ovonucoi d

inhibitor and 1 ng/n oval bum n and|{ 0¢Re5%"B@&E@Mi|bonucl ease | (DNase). The

di ssoci ated cells were pelljeted at ?06 x gl for 5 m[n 89 and resuspended in

EBSS containing 1 ng/m ovomucoid ihhibi 'rn | my/ml oval bumn and 0.005%

DNase. Cell suspension was [c Jupedi3sFhr bughi3a giadi ent sol ution

contai nilng 10 ng/ M ovonucoid inhibitor, 10 ng/mM oval bumin at 200 x g for 6

mn to renove the cell debris; and filtered through a 25 g Nitex nylon nesh

(Tetko, IncE3ample8 renove the clunps. The dissociated cells were plated in

ti ssue culture pl at es at a den5|ty of 100 000/ cn2. The plates were

pr e- coat ed Identifigat e fe0nthy] : igs and nouse laminin 1 gglm

(G bco BRL) as preV| ously descrl bed (Low s JCet al., J. Pharmacol. Exp.

Ther . 1992; Epifepe Miphing D8 Lirkited Mretealytit ur e nedi um conS| sted of m ninal

essential nedium (MEM/Ham s F12,1:1, 12% horse serum (G bco), 100 pg/nal 10

transferr ijn and Fveimictogtams (LEsafINGF &t davabatediaith 44 (U5 ford0enik@pd atat 37C,

5% CO2 an
10

4°C in 0.1M Tris buffer, pH 7.5. The complex was then digested with protease
(subtilisin) 1 pig 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
15  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 digestion | 2 hour digestion

816.1 QAA (96-98) C-terminal -- 57
S18.3 FFETK (53-57) Loop region 40 45

(SEQ ID NO: 45)
S18.5 SSSHPIFHR (1-9) N-terminal 40 50

(SEQ ID NO: 46)

(HWNSY)*
(SEQ ID NO: 47)
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100% hum dity for 6 days. Treatnent of Mesencephalic Cultures with BDNF and
anti-BDNF or anti-NG- BDNF at 10 ug/m was added to the cells 2 hours after
plating, followed by serial 15 concentrations of anti-NG- Ab sanpl es.
Anti - BDNF anti body (generated at Angen) was used as a positive control. DA
Upt ake i n Mesencephal i ¢ Neurons Dopam ne uptake assay were carried out as
descri bed previously (Friedman, L. 20 and Mytilineou, C., Neuroscience
Letters 1987; 79:65-72). At day 6, cultures were washed once with
pre-warned Krebs-Ri nger's phosphate buffer (pH 7.4) containing 5.6 nM

gl ucose, 1.3 niM EDT rgylin__a nmonoanm ne oxidase iphibitor. The
cul tures =ﬁé¢f*i§§f@t@“ﬁ¥%@é ) blib9paegien it ai nig 50 [nM [ 33 DA (NEN) for
60 m nut es | w#$) st opped by _removi ng_t he lupt ake buffér, and
the cultures were 25 washed three tinmes with Krebs-R nger's phosphate
buffer. Cells were lysed to release [3H DA by adding a liquid scintillation

cocktail, opticBhapacentage ofiprotectivd wascsalculdieddiom the peptidelpealcheightir 888.5 The cel |

| ysat es wer ed for radi MRS ), =Rl | i quid
seinti 11 a i neash o8 bt B Spion Phacly obipfelt SRIDING' Uik vt dessed by
addi ng 0. 5 prdved@EREZO G2, 4T3 spidedy, isthce theidttisk Peptide pekle (WIS YaSEQNIDt NOPA upt ake
sites 90 (Heikkila RE an 1.no tL ur, @g% Jpﬁrn | of Pha?macol ogy 1984;
103: 241-%) ,"yfﬁ’f‘s trhenig ﬁ%gwlgg’i%? ot g R S eieshancspt ake
TP 1, AT B Gy B o 8| 50 ©

nt i body - 3 n > .75 > . anmpl e
| dent t f | eatteraynabandgentealiloap ragions wegpalpa pasrblagpitapsti es  Epi t ope Mappi ng by
Limted Proteolysis Five mcrograns (g) of NG- were incubated with 4D4 (11
g) for 30 mnutes at

Microcon Separation of Digested Peptides

10 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 Microcen 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

15 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
$2 (28.3) ~--EVMVL (35-39) (SEQ ID NO: 50), Loop region.

20 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

25 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.
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10 4Cin 0.1M Tris buffer, pH 7.5. The conpl ex was then digested with
protease (subtilisin) 1 g at 37C for 1 and 2 hours. HPLC peptide maps were
conpared to each other to find the peptides that were protected by the 44
antibodies. Limted proteolysis of NGF indicated that several major
peptides were initially released fromNG-. O particular interest, peptides
518.3, S18.5, and 534.4 were generated and protected with 15 antibody from
the proteolysis. Qther peaks were not significantly formed or protected.

The protected peptides fromtwo experinments (1 hour and 2 hour digestion)
are shown in Table 7. Table 7 rotection 1 hour estion 2 hour digestion
516. 1 AA 96. 98 K13 -maPSHPIIRGERS VEDVSMAY §BXS(FEQ BONOr i on 40 45 (SEQ
ID NO 45) 518.5 SSSHPI FHR (1-9) N-terminal 40 50 (SEQ ID NO 46) (HASY)*
(SEQ I D NO 47 91 53Ualeplatsl mpeevi3s2 O sagedmyss ~odSg8 2eljitemigd 38 SE I D NO
48) The percentage of protection was cal culated fromthe peptide peak

hei ght. S 18.5 KeGRSAr-mQAAWBFRIDTAGSHVIARK GHQILNE: fpt i de ( SSSHPI FHR, SEQ
ID NO 46) was protected with the 4D4 anti body, since the other peptide
peak (HWNSY; SEQ | D QurulBedimpsswodstSgrOhsenvgbuiaisy 2458 5pGdértmimh  of 4D4

anti bodi es, as detected at 280 nm absorbance. Peptide 518.3 was a

C-term rfal part1@&p88¢ﬁngqﬁumhnﬁpﬁngﬂhuﬁaaﬂakﬁ@@pﬂnmgmohmmﬁheethMmal and

cent e 3 Sk 3,00 PO HG SUMRRES MOS8 P ©
i ncubat ed vz, fhnaar-tenﬂmﬁt)@s %r)trbgiadt el aldifionNan AsgN ldy@sﬁmnmémiha@mt i body
(#162) (8 Q) { R raomm oSSty of --SSHPIFHRGEFSVC— (SEQ ID NO: 53) was
protected by the 4D4 antibody, whereas a trypsin digestion showed that a peptide
10  fragment consisting of ---SSHPIFHR---- (SEQ ID NO: 54} was not 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.

"0)

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

15  entire human mature NGF (hNGF) sequence (Table 8). The 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
20
Peptide # Sequence SEQ ID NO
33582-27-01 [SSSHPIFHRGEFSVC (1-15) 56
33582-27-02 [FHRGEFSVADSVSVC (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 [KGKEVMVLGEVNIN (31-45) 62
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S

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 molar
concentration at 55 puM (about 100 pg/ml). Peptides were incubated in Reacti-Bind
Maleimide activated 96 well microtiter plates (Pierce Cat # 15150), 100 pl/iwell, at room
temperature for 2 hours and then at 4°C ovemight with agitation. Human NGF (100
pg/ml) was used as positive confrol. The plates were washed with wash buffer (KPL)
and blocked with 0.2% non-fat dry milk (in PBS-EDTA buffer, pH 6.23) for 2 hours at
10 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

pg/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).
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total of 23 peptides were generated synthetically using standard techni ques
based on the 15 entire human mature NGF (hNGF) sequence (Table 8). The
pepti des were 15 amino acids |ong, overlapping by 10 am no acids, and
cysteine-tailed at the Ctermni to allow for conjugation to a matrix. The
human anti-bNGF Ab 4D4.19gGl descri bed above was used for the mapping
experinent. Table 8 20 Peptide # Sequence SEQ I D NO 33582-27-01

SSSHPI FHRGEFSVC (1-15) 56 33582-27-02 | FHRGEFSVADSVSVC ( 6-20) 57

33582- 27- 03 EFSVADSVSVWGEDKC (11-25) 58 33582-27-04 DSVSVW/GDKTTATDC( 16- 30)
59 33582-27-05 GDKTTATDI KG&KEC (21-35) 60 33582-27-06 ATDI | CCKEVWLGC
(26-40) 61 3358oross7 the723GKEymINGE/Neptides3 lat A&ist @2mejar B8 Wy -obrved,

33560 27 100N g e fed HelkEorkaongl P RSV P KBk bc (51 6)

66 33582- 2SEQ ADPRORCE)PYESHFIRIRGEFSVTO)1-BY; PAs@ed 20-(SBQ-NPWIHGESIPI DSKHC

R S TSI o Mo BN S S

33582- 2%- 1SV ATPEMCFVRAT 95)76/95); ﬂﬂ tided #18 FYKEEMVPNOARYREES> 100) 73
33582-27-1 4 33582-27-20 QAAVRFI RI DTAAVC
(96-110) 7%0 gg%?"zégﬁgéé% LSRKC (101-115) 76
The four binding peaks of 4D4 mapped to the N-terminus, C-terminus, internal
domains, as well as loops L2 and 14 in NGF as described in Weismann ef al. (1999,
Nature 401:184-8). These results are summarized in Table 9.

10
Table 8

hNGF epitopes | N-terminus L2 Internal L4 Intarnal C-tanminus

peptide #1 peptide #10 | peplide#16 | peplide#17 | pepilde#19 |peptides #20-29
(SEQIDNO: | (SEQIDNO: | (SEQIDNO: | (SEQID NO: | {SEQIDNO: [{SEQID NO:75-

Peptide # 56), £5), 1), 72), TMDGKQ-- 74), SEQ 1D NO:78),
SSSHPI-—, NSVFKQ---, WNEYA—, - TMDGK—, QAAWR-,
1-15 45-60 76-90 81-95 91105 95-115
Ab binding signal +++ + ++ + +++ s

Wiesmann et al. solved the crystal structure of AINGF bound to the trkA receptor,

showing that the N-terminus (residues 2-9) was important for receptor binding

15 (Wiesmann ef al., 1999, Nature 401:184-8). The residues of this segment in NGF are

also important for specificity for trtkA over kB 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

20 peptide #17 (SEQ ID NO: 72) (TTTHTFVKALTMDGKC, 81-95), comesponding
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

25  loops L2 and L4 with those of NGF introduced NGF-like activity while matntaining NT3
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33582-27- 22 AAVAVLSRKAVRRAC (106-120) 77 33582-27-23 CAAVAVLSRKAVRRA
(107-120) 78 The human NGF peptide fragnments were diluted in PBS with 5%
DMSO, 1 mM EDTA, pH 6.23. The final peptide concentration was nornalized to
the sane nolar 5 concentration at 55 ;LM (about 100 p.glm ). Peptides were
I ncubated in Reacti-Bind Mal ei mde activated 96 well microliter plates
(Pierce Cat # 15150), 100 Wwl |, at room tenperature for 2 hours and then
at 4C overnight with agitation. Human NGF (100 g/m) was used as positive
control. The plates were washed with wash buffer (KPL) and bl ocked with
0.2% non-fat dry mlk (in PBS-EDTA buffer, pH 6.23) for 2 hours at 10 room
t enper at ur @cEiE- (Thas L2and ké eredikelyicegions wheraapibwly 41 bind selnctivelPloa¥GE  wer e
then incu mn anti-NG- anti body at various concentrations
L P NS

(0, 3, 10, ol I'owed by goat anti-U Ab-Ifl P (KPL) for 2 hours.
Si gnal was deve | TMB s rat e re a 0 {m erLaddition
of stop sol utloﬁﬁgﬁg’% Wh}ég A%@osgigtﬁie%3p an ﬁ%: Eseép])(?i c]% ﬁg)% I-',e1 st 4
maj or peak (WA DBEETHEKIAL, WGGD);anatcigngﬂfm itviermell dgnaﬁfl"cd‘smerrdﬁR&rgsMresponded
to the foll ow.n tides: SSS Fl RGEFSVC
(1-15); p“ﬁ?ﬁ%‘g# TERER)S @%%3 r%%l?g"“ Ré“\"iﬁ%cji’ﬁ‘—"g?ﬁéﬁ?’? “@ghéflgﬁlﬁtldes 4
16 - é7 (SE@nh& ﬁdﬁl oﬁﬂ-.r Sk ttophing. 452 shovred WO AR e BEWHAL againét AdS)se and
Peptides # D NO A3 - TTTHT- LSRKC
(100-115). *ﬁ?fi T?g“spaé?aw W&“’W&p‘g&ﬁ Z@L’E’f?é“q\?gt orthis pag of
Cterm nus,N@mtiseﬁﬁal likelP BB Eifticalofor Wedcles @ﬁecll Suk 45 Afhriadt fob sEd

described in Weismann et at. (1999, Nature 1 184-8). These results are

sumari zed WB‘%BP‘E‘O@PW Tabl e 9 hNG- epi opes N-term nus L2 Interval L4

I nterval C—termnus tlde# ptlde # 10 peptide # 16 peptide # 17
pept i dold: 19° pegaiibeds Apémiodinds teberH o R NS e dES TP Bl HQ ( SEQ | D

SEQ 1D No: )0 SSEE’B@\‘&?V% TG B0 Sl ond e R 741

of human NGF that dJstmguxshes NGF from other neurotrophins (BDNF and NT3).
Binding to this region helps to explain why 4D4 is not active against other neurotrophins,

Furthermore, there is a single amino acid difference between human NGF and mouse
15 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.

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
20  binding preferentially to trkA, rather than ttkB or trkC, further explaining its selective

neutralization activity against human NGF.

Example 9

Affinity Measurement of Monoclonal Antibodies by KinExA

25 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 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

96



1-15 46-60 76-90 81-95 91. 105 96-115 Ab bindi ng signal +++ + ++ ++ +++ ++
Wesmann et at. solved the crystal structure of hNG- bound to the trkA,
receptor, showing that the N-term nus (residues 2-9) was inportant for
receptor binding 15 (Wesmann et at., 1999, Nature 401:184-8). The residues
of this segnent in NG are also inportant for specificity for trkA over trkB
or trkC receptors. Antibody 4D4 is selective for human NGF over nouse/rat
NGF, as well as BDNF and NT-3 nost |ikely because N-term nal differences
bet ween human NGF and ot her neurotrophins. Antibody 4D4 binds to peptide #10
(SEQ ID NO. 65) (NSVFK---, 46-60) and 20 peptide #17 (SEQ ID NO 72)

( TTI FI TFVKAntHymoxecleGs zotigdy  fleekses pomainngResearshe ct Thee Ibynding Isigols we® and L4,
whi ch repr%@mﬁ f LSil Nete I eql it h o ahigher . average
sequence di‘v rsﬁ%%koéd)mt%e;ecpﬁ%nﬁgﬁno??o%{?i %&s&g%pﬁugmggg]éri%%{a?%%et ween
NGF and BDNguilibriunh gewstant (Br) weyptained fromenbnlibeat régressiod df4hevesmpdtitipor t ant

for the biqg i AR I\ urt her nor substitution of five NT3
resi dues i r?h'%gs ﬁ%llo%s {]in{%&ﬁﬁe E’ﬁe'\s}\lngt: 0"5%5‘% “%g'%ﬁ@ %‘?eiégﬂlﬁét?&) ﬁﬁ%’?r?)ke

activi ty§ Wik &pvens abaut B iphyfolVAD 4D8Dimiidg ty hiyGF.Thus, L, 2 and L4 are likely
regi ons where anti body 4D4 bind selectively to NG rather than to BDNF or
NT-3. Anti body 4D4 also binds to peptide #16 (SEQ 1) NO 71)

(WNSYATTTI | TF' VKAL, 76-90), matching an internal donmain of the NG- crystal

5 struct ur eExakdplesior egi on i s 100% honol ogous between human NGF and nouse NG,
but distinct from other neurotrophins. 4D4 showed nuch weaker activity

agai nst r atjdestifeetion\sadditin NGEGntiBodibss activity agai nst human NG
Thus, binding to this part o% NGF is nost likely not critical for species
A1 body 4D 5l 56 bl ot Fo e Gt or sl by o ot NP (pebt: aee 10-21
nti bo al s nds {o the C.termnal region o pepti des -
N@mﬁfcdo ﬂ@E@deP‘Ea‘gﬂcfs mﬂm@wshk%, ang3 phoye, WerR sslected fhe of the

(SEQ |
regions  offuirBRdPGBrNR! cotifibhdiombdl §as Wwfﬁpﬁih@j\%\lg%ﬁﬁx%ﬁw&ﬁﬁﬂaﬁm ns ( BDNF
and NT3). Binding to thi's region helps to explain y 4 i's not active

agai nst ot Hem Regnesia werirwsified mr sequonest: e The predieted snass wiap gorapaged wish aci d
difference pgt %%&&Hﬂ&td\@: arBBCHi SRR the conditioned media. The antibodies were

cloned. Two of the clones were expressed in CHO cells and tested for activity as

15  described above. The results are shown in Table 10.
Table 10
ICS50 @ IC50 @ IcCs50 @ IC50 @
hNGF rNGF Molecular | hNGF INGF
clong {nM) _{nM) Notes Clone {nM} (nh)
TH2 3.294 1.748 cloned TH2-rF¢ 0.963 0.792
6H9 3.172 1.699 cloned 8H9rFc 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 (Figures 5

20 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
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15 NGF in the Cterm nus, suggesting that this single am no acid nmay be one
of the reasons 4D4 is selective for human NGF over nt/nouse NGF, simlar to
the N-term nus where species differences are observed. Lastly, 4D4 al so
interacts with an internal donain described by peptide #10 (SEQ ID NO 65)
(---KARDC, 50-60) of human NGF, which is an inportant region for NG 20

bi nding preferentially to trkA, rather than trkS or trkC, further explaining
its selective neutralization activity against human NG-. Exanple 9 Affinity
Measur enent of Monocl onal Anti bodies by KinExA 25 Binding of Ab 4D4

(38859- 80) tgl—h-uNGE (29714-91) was. tested gn KinFxA Briefly, Reacti-GCel 6Xx
(Pierce) weré pre-codt®™¥ Vil{H*RIQEE [6HP Y] YHY 14D BSMH #G6 5l and 30 pM

of Ab 4D4 sanphpsVeET € 100%Ubat Rioog TN 7838, ERNCERERAET N huNGF
(Angen) at rqomtenpgrature fn?ﬂ% h(luqu g fnispg%‘aln BK?O}EJGH 27%‘lh’d/{,hl NGF- coat ed

beads. The 43R V8| the bdad!®Band 288%bdd\85kas quidAh file8LB% {1 uorescent
(Cy5) | abel ed ggayyg 96 ant i {human-t T HOgNed, JH CALRINLEY Research) .
The bi ndi ng gi-gnal s_propaortional tlgdt%h* cd?%efr}{sg%/on 0131'?%’&, ant i body
at equilibri um7HDV§ISQC| ation equilifbrium ¢ohe®ant (GILe Wag9. 8%t ai ned from
nonl i near reg of thejconpetTtion——cyrves upit tga /e one-site
honogeneous 1?%?191} ndel (KinEXTM sioftware). 5 IH)IQ%’ S%B%’ut 4 pMfor
Ab 4D4 bi ndi rg466VHJI\1|G:. Exanpl e 10 |l denti f{i cat i 01 of addi t|1omeal ant i - NGF

ant i bodi es Addrttonmat—ant—NG—anttbodies—({-dest+ghated—314D10—663, 7112, 14F1

1, and 4&5), 10 generated and identified as described in Exanples 2 and 3
above, were selected for further dﬁgé 12rBrl efly, conditioned nedia was
tested for binding activity. Antibo romthe rredl a were purified and

sequenced. FhreRtet Z‘I . Nf;i Was ‘1 B TE +h Zcé spect+o dat a of
anti bodi es|{from it (ﬁ@ceg ‘? EHOP | Two of
t he cl ones were%re gn“‘ecﬁ :L CLH ?s 4 esteg fbE dc |\I/'/|e(?7&§g 15
descri bed @#ay4. The resuylts dre shown | n Tabl'e 10 Tablle I0
vk [100% | 89% | 91% | 72% | 74% | 69% | 71% | 71% | 70% | 73%
14D11
LC 100% | 94% | 68% | 71% | 67% | 68% | 68% | 68% i 70%
4Goa
LC 100% | 69% [ 74% | 68% | 70% | 70% | 69% | 71%
4G6b
LC 100% ] 87% | 83% | 86% | 86% | 86% | 96%
4G6e
LC 100%| 91% | 94% | 94% | 94% | 91%
14D10
LC 100% | 91% | 94% | 94% | 86%
6&9 100% | 99% | 98% | 89%
458‘1 100% | 99% | 89%
ng 100%
4Gée 100%
5 It should be understocd 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 appended claims.
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IC50 a 1C50 (c) 1C50 @1 C50 hNGF rNG- Mol ecul ar hNGF r NGF  cl one (nM nM
Notes Clone (nM (nM 7142 3.294 1.748 Boned 7H2-rFC 0.963 0.792 6119
3.172 1.699 cloned 6149-rEc 13.93 0.653 14010 0.3918 > 13 cloned 14011
0.2803 a 20 cloned 4G5 0.414 > 10 cl oned The sequences of the |light and
heavy chain variable regions of these antibodies were then conpared to the
4D4 anti body sequence, as well as to each other (Figures 5 20 and 6). The
per cent honol ogi es of the heavy chain variable regions as identified from

t hese conparisons are shown in Table 11. The percent honol ogi es of the |ight
chain varj Qhe regions are shown in Table 12. In addition, the percent
honol ogi es of the CDR regions of the various antibodies are shown in

Fi gures 5-10., Table 1 DAVH.14D10 VH 6HOVH.7112 VH 14D11 VH 406 M |
4D4 VH 100% 70. 9%&5‘1113}()33@‘.“%@81??‘%‘@) %‘.E‘o WPG%H% m‘é‘&r%‘%%%‘% 54. 30/ .
81.1% 6119 VH 10438y eompitesSd/héity Ehdin Kd¥ing\d hehOP thall vadtibieFedibh akdD11l VH
100% 56. 8% 4G6 VH 100% Ta%e 12 VADA. 14DI1 406a 4GBb 4G6c 14D10 6119 LC

7112 LC 4Gee VK light|chaip gayizble region whereipndhe ey shatn varnblexegion sgraprsses 104 71%
70% 73% 14D11 LCyyl Qi L %ndel Hnrn¥tab Bt 88% L83anéOientity to the amino

acid sequence set forth in SEQ ID NO: 10, or an antigen-binding or an
immunologically functional immunoglobulin fragment thereof,

2. The antibody of claim 1, wherein the light chain variable region comprises an

amino acid sequence that has at least 90% sequence identity to the amino acid

10 sequence as set forth in SEQ ID NO: 12, or an antigen-binding or an
immunologically functional immunoglobulin fragment thereof.

3 The antibody of claim 1, wherein the light chain comprises a human light
chain CDR1 that has an amino acid sequence that is at least 85% identical to
the amino acid sequence as set forth in SEQ ID NO: 24, or an antigen-binding

15 or an immunologically functional immunoglobulin fragment thereof,

4, The antibody of claim 1, wherein the Yight chain comprises a human light
chain CDR3 that has an amino acid sequence that is at least 85% identical to
the amino acid sequence as set forth in SEQ ID NO: 16, or an antigen-binding

or an immunologically functional immunoglobulin fragment thereof.

20 5. The antibody of claim 1, wherein the heavy chain comprises a heavy chain
variable region comprising an amino acid sequence that is at least 90%
identical to the amino acid sequence as set forth in any of SEQ ID NO: 10, or
an antigen-binding or an immunologically functional immunoglobulin

fragment thereof.

25 6. The antibody of claim 1 wherein the heavy chain comprises a human heavy
chain CDR2 that has an amino acid sequence that is at least 80% identical to
the amino acid sequence as set forth in SEQ ID NO: 18, or an antigen-binding
or an immunologically functional immunogiobulin fragment thereof.

7. The antibody of claim 1 which comprises:
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4CG6a LC 100% 69% 74% 68% 70% 70% 69% 71% 4G6b LC 100% 87% 83% 86% 86% 86%
96% 4G6¢ LC 100% 91% 94% 94% 94% 91% 14DJO LC C 100% 91% 94% 94% 86% 6119
100% 99% 98% 89% LC 4G5d LC 100% 99% 89% 7142 LC 100% 4G6e 100% 5 It
shoul d be understood that the foregoing disclosure enphasizes certain

speci fic enbodi nents of the invention and that all nodifications or
alternatives equivalent thereto are within the spirit and scope of the

i nvention as set forth in the appended clains. 98 W claim 1. An isolated
human anti body that binds specifically to NG, wherein the antibody
conprises a heavy, chgj i e i e ' .a |ight
chain variabl e re%ji gﬁim eré’nnrﬂfﬁggﬁgg‘g"y C a@ﬁx@éF%‘%ﬁ%’ﬁ%@gﬁg%ﬁri ses 5 an
am no aci d sequence atilaeqicas: &t set Eatht in NBY FoNGe nide an detigentbinding éthen anmi no
acid sequence set forth in.SEQ.D.NO,.10, 0 1 anti - bi ndi Of. an

i munol ogi cal |y funWBﬁﬂ?gfﬁgf%B?%WWﬁ@aﬁ%ﬁ?wﬁgaw. aﬁgg']*ﬁ ! ant i body
of claim1, whereinchdig Ha{riggta titai dhaiavdriableCrepio| hpeiiAP ranSABing Macidgdm no acid
sequence that has at | east 90% sequence identity to the amno acid 10
sequenct as set f or eefluprresiscset foriian SEQ 1By NG 1200y e Antigen@idinso amn

immunologically functional immunoglobulin fragment thereof;,

b. a heavy chain having a heavy chain variable region comprising an amino
acid sequence as set forth in SEQ ID NO: 14, an antigen-binding or an
immunologically functional immunoglobulin fragment thereof, and a light

10 chain having a light chain variable region comprising an amino acid
sequence as set forth in SEQ ID NO: 16, or an antigen-binding or an
immunologically functional immunogiobulin fragment thereof;

¢. a heavy chain having a heavy chain variable region comprising an amino
acid sequence as set forth in SEQ ID NO: 18, an antigen-binding or an
15 immunologically fimctional 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: 16, or an antigen-binding or an
immunologically functional immunoglobulin fragment thereof; or

d. a heavy chain having a heavy chain variable region comprising an amino

20 acid sequence as set forth in SEQ ID NO: 22, or an antigen-binding or an
immunologically functional immunoglobulin fragment thercof, and a light

chain having a light chain variable region comprising an amino acid

sequence as set forth in SEQ ID NO: 16, or an antigen-binding or an

immunologically functional immunoglobulin fragment thereof.

25 8. The antibody of claim 1, wherein the heavy chain comprises a heavy chain
variable region having an amino acid sequence as set forth in SEQ ID NO: 10,
or an antigen-binding or an immunologically functional immunoglobulin
fragment thereof, and the light chain comprises a light chain variable region
having an amino acid sequence as set forth in SEQ ID NO: 12, or an antigen-

30 binding or an immunologically functional immunoglobulin fragment thereof.
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i mmunol ogi cal Iy functional inmunoglobulin fragnent thereof. 3. The anti body
of claim1, wherein the light chain conprises a human light chain CDRI that
has an am no acid sequence that is at |east 85% identical to the amno acid
sequence as set forth in SEQID NO 24, or an antigen-binding 15 or an

i mmunol ogi cal Iy functional inmmunogl obulin fragment thereof. 4. The anti body
of claim1, wherein the light chain conprises a human light chain CDR3 that
has an am no acid sequence that is at |least 85% identical to the amno acid
sequence as set forth in SEQ 1D NG 16, or an antigen-bindi ng or an

i rmunol ogi cal I y f ul reof The

anti body of c[ aim wﬂﬁgﬁ(ﬁnﬁ?ﬁgp ﬁh@%@y %ﬂ%‘{a&?%%&@ 2 ﬂ&ng

vari abl e regi on cawba icenstayt sagicariwheremche vaiatileangion ichidprides aﬁfanillﬁ)aﬁ:ﬁd 90%
identical to the am no acid s? enc e 'Oérhin any. of . SEQ I D NO 10,
or an antigen- bi aPfYeo™ &R | %%c@l Rd 51 cf¥ d‘Haf“Xt? oBUl in
fragrrent t her eof . ﬁﬁuﬁ,geﬂibﬁa@ﬂeﬂtmbfof claim1 wherein the heavy chain
conprises a human heavy chaln CDR2 that has an amino acid sequence that is

at | easy 80%jpdentThé attitoRy of BRIRY] FRerdiithe BRUY ORER cafipSRt ah Afnkdd dc SEQ | D
NO 18, or an antigen-binding_ or an_inmnglo caI lﬁH\TunCtl onal

i mrunogl obul i n f r &GHENNE ab 5d f@BYin any ofi§HQ HWNDy & h% BERHIDNOc onpr i ses:

99 a. a heavy chabf dagy bfibefi-bhaf 3&"—% [fbg&ﬂéﬁ'é’dﬁxln&tﬁﬁfk’of)n conprising an anino
aci d sequence as set forth in SE NG~ 10, an antigen-binding or an

| munol ogi caljlyy fqﬂ@&ﬁtmaa*of E‘IH’&H' %&Pé{ﬁm%lf ﬁ&ﬁﬁf'&on&d?ﬁéseﬁzmaﬂl@%ﬁod I ght
chain having a light chaih varia Ie regi on conpri si an am no acl d

sequence as set fard &b conste8EQ@gidD, WBereihthe wariahle laglpngempmendnmguumracah

i mmunol,qgical ly f n 0 i g n ther a heavy chain
havi ng IQ heavy ch%@%@r%ab%g%%n@rﬁ@ngfa am ho o gg?lgmgeauence as
set forth in SEQ ihinh#dgedid fragmertlickg®€n- bi ndi ng or an i mmunol ogi cal |y
functional inmmunogl obulin fragnent thereof, and a |ight 10 chain having a

| i ght chai n viari althe aittgidp pf ehinprlil swhgeia theakight @h#in icBmprises an amino acid

sequence as set forth in SEQ ID NO: 16, or an antigen-binding or

Ji

immunogenic fragment thereof.
15 13.  The antibody of claim 1, comprising:

a. human heavy chain framework regions, a human heavy chain CDR1
region, a human heavy chain CDR2 region, and a human heavy chain
CDR3 region, wherein the human heavy chain CDR3 region is the heavy
chain CDR3 region shown in SEQ ID NO:14; and

20 b. human light chain framework regions, a human light chain CDRI1 region,
a human light chain CDR2 region, and a human light chain CDR3 region,
wherein the human light chain CDR3 region is the light chain CDR3
region shown in SEQ ID NO:16.

14.  The isolated human antibody of claim 13, wherein the human heavy chain
25 CDR2 region is the heavy chain CDR2 region as shown in SEQ ID NO: 18
and the human light chain CDR2 region is the light chain CDR2 region shown

in SEQ ID NO: 20. '

15.  The isolated human antibody of claim 13, wherein the human heavy chain
CDR1 region is the heavy chain CDR1 region of NGF as shown in SEQ ID
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sequence as set forth in SEQ ID NO 16, or an antigen-binding or an

i munol ogi cal ly functional inmunoglobulin fragnent thereof; c. a heavy chain
havi ng a heavy chain variable region conprising an am no acid seqguence as
set forth i NGBERQ danB tRéhurivdh light chaini @R} bdgiwhi 13 gheotigtachaif DR rapddroghiooalih y

functional i Eﬁlﬁggﬂ Q%'zil in fragnent thereof, and a light chain having a |ight
chain vari a® b conprising an amno acid sequence as set forth in SEQ

ID NO 16, or an antigen-binding or an inmmunol ogically functional
i mmunogl obulin fragment thereof; or d. a heavy chain having a heavy chain
vari abl é6.r edheanttayrdfsiauy laanhnieimthezﬁtilatdydiiseciltncﬁ@nashmaan NefRh in SEQID

NO. 22, or an antl en-.bi ndi n noIo ically functi . . .
i mmnogl obuPPRPER 5%&%4& %ﬂ%?g gﬁcw d’ﬁﬁﬁfﬂﬁ?&ﬁ}lﬁ@nwaﬂfwtw& n
variabl e reg) Q%A@ §i!t1%€hs§d} \@1@1‘1 Mlmgfaﬁtﬁﬂlﬂ%”ﬁﬁs M??;S!%Es forth in SEQID

NO 16, or an antigen-binding or an 1 mmunol ogicall uncti onal
i mrunogl obul i n fragment thereof 25 8. The antl body of claim1, wherein the

heavy chain s A, heay hain var. hav| no acid
sequencéﬁl @Egﬁtﬁlﬂ?‘f@f"}?‘@ eige t hiént‘f"ag’ Y"'F }‘H‘gf"h&(ﬁm

| munol ogi C%bé}?eﬁt"rﬁ}%ih HPRRD bFEBHﬁPQ&Q*hUidd}lerraﬂSWahtzQ?Eﬁﬁin N%@%l&%ﬁvi&ght
chain conpri's t chain variable region having an am no acid sequence
as set fortImantaSE{t)iMDvN@asi@,wmhamICmbfgﬂmut:w& HI-B8 ngless. an

i mmunol ogi cal Iy functional inmunoglobulin fragnent thereof. 100 9. The
antibody of claim1, wherein the heavy chain conprises a variable region

and a cqgst g ahﬁ@ddﬁ]bf c‘ﬂﬁﬁirﬁ' th%&% fh%rahﬁl%cﬁz cﬁ%@bﬁﬂ:s%%_ﬂg gﬁﬁn FJGfam no acid

sequence as set or “an antigen
i mmunogeni c pbb@gnmdﬁwhheﬂ@bbf akﬁ)ulm X I'Dhbl aﬂbssbmdmewﬂraltzieahmn@u Nﬂ’r‘ebleamiv’itMe

heavy chain  co S an amno acid__se nce orth in any of SEQ ID
NO 14, SEQ“’I‘E)%M%HV@@C&SF% L an Hoso Q%ra% ¥ h@e"n‘"@‘? '&#ng or i mmunogeni c
fragnent thereof. 11. The anti body of claim1, wherein the light chain

conprises a variable region and a constant region, wherein the variable
regi on dénpriheeastibodyaofichomalk; iwherein the heavy chain and light chain are connected by a

flexible linker to form a single-chain antibody.
20, The antibody of claim 19, which is a single-chain Fv antibody.
21. The antibody of claim 1, which is a Fab antibody.
22.  The antibody of claim 1, which is Fab'antibody.
23. The antibody of claim 1, which is a (Fab') 2 antibody.
24.  The antibody of claim 1, wherein the antibody is a fully human antibody.
25. The antibody of claim 1, wherein the antibody inhibits NGF signaling.

26. The use of the antibody of claim 25 in the manufacture of a medicament for treating a
condition caused by increased expression of NGF or increased sensitivity to NGF ina
patient.

27. The use of claim 26, wherein the condition is acute pain, dental pain, pain from trauma,

surgical pain, pain resulting from amputation or abscess, causalgia, demyelinating
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10 sequence as set forth in SEQ 1D NO 12, or an antigen-binding or

I mmunogeni ¢ fragnment thereof. 12. The anti body of claim1l, wherein the

| i ght chain conprises an am no acid sequence as set forth in SEQ ID NO 16,
or an anti gedisbésasjitnigrmmal nemmalgiagence, ¢hragivaldohblivm esaoke, thalddic phlfive ant i body

eavy chai h CORIOME.atRsieS: o RAITRGS §F A SCIRBIE G 1S é’tﬁén%,ahﬂﬁa”ﬁ”heavy
chain CDR3 El?éi’ﬁd?ﬂeraﬁ(‘{“%%ﬁérﬂl Eéﬁﬁaéh‘é”ﬁfglﬁiﬁé‘gus?é?%ﬁﬁ Qﬁ%&%&‘é‘ uled of fién-N€AVY

chain CDR3 region shown in |g t chain

f ramewor k r egasonky syndnemes; tdnsg:mheadvahn oEmiRhl infginonration zarthuiirheurgitic chai n
CDR2 region, ,and a. human |ight..chain region, er |nthe hy l'i ght
cha ' CORS t GRS NP esteag it o egiess i Bty POWeT HHOE WERRI 16° 14.
The i soI at edy, Adhded pEMnfat 143 &l rBinkin SURR hain 25
CDR2 region |§w€1flsgnheave$ chal na%g} egfdc#\@as sho{%ﬁﬁ’l n SE%ngﬁ{Idg 918 and
the human | i disordetsapsorigEiRzskiregomplaints witke idflaghbatotyaiompOBE®s,rseghwm, sinditisy i n

SEQ I D NG Zg 15. Thelsolatedh nantl 8 of ca m .13, wherein the
human heavy FrLattis PERSitis GFUTHS, %0 E“H@QQ@I %Eﬁsﬁs’ “‘cr AOMATY NGE as

shown in SEQ 1inhG Rpaste) Gk
| i ght chain &%’%m&l{rgel I on ﬁ%m&msa{%() I Dede%Iéaéllgégiy e.ﬂldThe )g'ri%fglg{t?o ;Plaﬁl#ct claim

13, wherein phie aadﬁsdooﬂ;cdd'nyqasxalgeana@s aflodymiz drabetinndu@bpatigopaipepusalgiani t h a KD

of about | x 10-9, or | ess.and utral i.zes human NGF bi oactivi.ty., in a
standard in WPP?Bh%{ lil%“ttﬁma P‘\“és% t‘?feaﬁ‘ﬂﬁfl SYndromgs, gs reﬂlé‘&gal UFHue The

anti body of Efiéil, Metpdé DA BREOSE AL &Pl & E@fﬁtdi‘ﬁ:

pol ypeptide w t%@% ﬁ%ﬁ ouf}ﬂa Sl‘?r[lbtl )]b orr +ess and neut r!’ﬂtfggﬂsé NGF

bi oactivity gemtomnsa@mg&smimtestmaltcvroraersﬁeayegmmm vwaundCBamef alkbgivskih x 10-9 M

or less. 18. The anti body QI cl ai m117 wher e t he anti pody dissociates from

a hunman NGF reactions, prurms, vitiligo, general g astromtestma disorders, colitis, gastric ulceration,
duodenal ulcers, vasomotor or allergic rhinitis, or bronchial disorders, dysmenorrhoea,

dyspepsia, gastroesophageal reflux, pancreatitis, or visceralgia.

28. A pharmaceutical composition comprising a pharmaceutically acceptable carrier and a

therapeutically effective amount of the antibody of claim 25.

29. The use of the pharmaceutical composition of claim 28 in the manufacture of a
medicament for treating a condition caused by increased expression of NGF or increased

sensitivity to NGF in patient.

30. A method for detecting NGF in a biological sample comprising:
a. contacting the sample with the antibody of claim 1, under conditions that allow for
binding of the antibody to NGF; and

b. measuring the level of bound antibody in the sample.

31.  Anisolated human antibody that specifically binds nerve growth factor, comprising a
heavy chain and a light chain, wherein the heavy chain comprises a heavy chain variable

region comprising an amino acid sequence
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pol ypeptide with a KD of about I x 10-11 or |l ess and neutralizes human NGF

bi coactivity in a standard in vitro assay with an ICso of about 0.2 x 10-9 M
or less, 19. The anti body of claim1, wherein the heavy chain and |ight
chain are connected by a flexible linker to forma single-chain antibody.
20. The anti body of claim 19, which is a single-chain Fv antibody. 21. The
anti body of claim1, which is a Fab anti body. 22. The anti body of claim1,
which is Fab'anti body. 23. The anti body of claim1, which is a (Fab') 2

anti body. 24. The antibody of claim11l, wherein the antibody is a fully human

anti body. 25. The anti hody claiml, wherein_th ntibody inhibits NOF
signaling. 26. Th& §f§(§°’éﬁﬂ’t$\1§é§at§@iolcﬂysgﬂ@gpﬁrfé’sgﬁii’ﬂ\g&némﬁ%%re of a
medi cament for tr&a:igigsRQ WOND: 8505 SyIBNGYST, W BassknBiRGfS s A0 of NOF
or increased sensitivity to NG- in a patient. 27. The use of claim 26,

wher ei n t he condi im@reqlegieatlyfenchenahimmeneglpbulpbirsgmephiberepk om t r auma,

surgical pain, pain resulti ng1 fromanputation or abscess, causal gia,
denyel i nat i ng2102 The gutthody of elainydhyi whereim tighan vyl ehaincegmpiifes achpawy Fhain

al cohol ksm stroke,.: L 'Ccﬁi’d' + oS [ : i Sihatt SO 1 { ne
defici e?lcy syndr o?@%ﬁl%@ﬁ , 1 cl)-j%}n sﬁp%h%gen%?cﬂg?&%& %’én%r%": eﬁ%agc?g%gﬁe,
m grai ne, cl ust er ideetickh&hthe amiinceatid sjuericaas oot fordnin anysaf REQ I3 W rSdnes,

| pus.ost eoar ¢y PEROD R0y b SERITIRALEPs POUAG! B,k SEHTRING: T eE8°0TY) o
bowel syndrone, i aftigehibiidiigyoreaeimthiunologiesity, functidnalniinmoylobulinubagnedat e bl adder

di sorders, psoriasis, fski n conplaints with inflamuatory conponents, sunburn,
carditis, dermattEY nyositis, neuritis, collagen vascul ar di seases,

chronic infl tory. .copditions, jnfla 0 [ nd associ at ed
hyper al'§esi aé’g]r?da él"i‘é?:]?tﬁ‘ii]g‘,‘mﬂ’eﬁpb_ t‘{ﬁtép ﬂ_ﬁyhﬁﬁsg 98‘?‘55&’_@8‘3?{\%?@%! gesia or
al | odyni a, di abet igRaiR Qnfl QPAEIRYcHER] Ruhefefi 8R! ,chaid YeBRPHBA! 4 Ghl ¥haidl Nt ai ned

pai n, deafferentation_syndrones, asthma, epithelial tissue  damage or
dysfunction, her p&afiadigisgion compasing pa aaine 4d sequence ap sefpforth jip pEQ ID

respiratory, genm%ifgqg(gm MNRS0! 9 18 NA: 2| S@Fg%ﬁﬁ%‘gﬁgfwim%& wounds,

burns, allergic s tions, pruritis, vit , gener
gastrointestinal GEQOIDNOs 88,EHQ I NO: §3HEQ B NO: 89,88 ) NO: 91, or SEQ

15 ID NO: 131, or an antigen-binding or an immunologically functional

immunoglobulin fragment thereof.

34,  The isolated human antibody of claim 33, wherein the light chain compriges a

light chain variable region comprising an amino acid sequence that is at least

85% identical to the amino acid sequence as set forth in any of SEQ ID NO:

20 12, SEQ ID NO: 80, SEQ ID NO: 88, SEQ ID NO: 89, SEQ ID NO: 90, SEQ

ID NO: 91, SEQ 1D NO: 82, SEQ ID NO: 84, SEQ ID NO: 86, or SEQ ID

NO: 131, or an antigen-binding or an immunologically functional
immunoglobulin fragment thereof.

35.  The antibody of claim 33, wherein the light chain comprises a light chain

25 variable region comprising an amino acid sequence that is:

a. at least 89%, or 94% identical to the amino acid sequence as set forth in
SEQ ID NO: 80, or an antigen-binding or an immunclogically functional

immunoglobulin fragment thereof;
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duodenal ul cers, vasonotor or allergic rhinitis, or bronchial disorders,
dysnenorrhoea, dyspepsia, gastroesophageal reflux, pancreatitis, or
visceral gia. 28. A pharnmaceutical conposition conprising a pharnaceutically
acceptable carrier and a therapeutically effective anount of the anti body
of claim25. 29. The use of the pharmaceutical conposition of claim28 in
the manufacture of a nedicanent for treating a condition caused by
i ncreased expression of NG- or increased sensitivity to NG- in patient. 30.
A method for detecting NG in a biological sanple conprising: a, contacting
the sanple with the j of |l gl 13 . conditions that allow for
bi ndi ng of the aA?iB§%§h?g%%8§§4§ﬁ% ?}ﬁﬁggggﬁ%b fﬂ% %@%ﬁsg k Hd ant i body
in the sanple. 31. AEQHEuLNEt 88 dranmntigenibitggyortandmnumelopicalefuhstionsinds ner ve
grow h factor, conptisin .heav ain.and a |light chain, wherein the
Sibadhou Bt BiPg

heavy chain conpri seg™my ble region conprising an am no

aci d sequence 103 as, se rthol,n . SE 10, S ID NGO 79, .SEQ 1D NGO
81, SEQID NO 8%, a%%?jt‘ﬁ%)‘? .S%,‘é‘*&%’%@ﬁ?ﬁ% a%gfgql}?"“aﬁs é‘?‘i&?ﬂ’eﬁ- bi ndi ng
or an §munol ogi caBEQ MUNCE 89,16t lan iaftigenditdalpirian inhAmERBically Rh&Rbal 32. The
anti body of claim 3], wherein the heavy chain conprises a heavy chain 5
vari abl e region confPRERGgEobykn Hagmet fefeat sequence that is at | east 90%
identical to the am npo acid sequence as set forth in any of SEQ I D NO 81,
SEQ ID NO 83, SE® FDengh878% 91%por OfyeNdentigyl todhe aminoragd sggueneg as get an
ant i gen- bi ndi ng or j lipoN6abh Yorf i i .n@}w ' gment
thereof, 10 31 An izdgTHat ed u%gag?’iogo%i%? tg{]mg%lg i :agg y %P%ggsﬂyﬁl@
conprising a heavy fwistionsl imuneglobylin fragmentiherapler ein the 1ight chain
conprises a light chain variable region conprising an anm no acid sequence
as set ®orth in SEQal least §Els, 9476, H%6) drI9MOde8Bal 1B abinN@cidgRqueBEQs1D NO 84,
SEQ I D NO 86, SEQ | EQ. 1 D NO. 90, .SEQJ D NO 91,
or SEQ 15 I D NO 13%&%&%% a F?Se%ﬁ-ggi%%rﬁgg%e?%g%?%uﬁoo oﬁllhcc’:lgg%]lfyfuncti onal
functional immunoglobulin fragment thereof;

f. at least 91%, 95%, or 96% identical to the amino acid sequence as set
forth in SEQ ID NO: 82, or an antigen-binding or an immunologically
15 functional immunoglobulin fragment thereof;

g, at least 86%, 94%, 95%, 98%, or 99% identical to the amino acid
sequence as set forth in SEQ ID NO: 84, or an antigen-binding or an
' immunologically functional immunoglobulin fragment thereof;

h. at least B6%, 94%, 95%, 98%, or 99% identical to the amino acid
20 sequence as set forth in SEQ ID NO: 86, or an antigen-binding or an
immunologically functional immunoglobulin fragment thereof; or

i. at least 86%, 89%, 91%, or 96% identical to the amino acid sequence as
. set forth in SEQ ID NO: 131, or an antigen-binding or an immunologically
functional immunoglobulin fragment thereof.

25 36.  An isolated human antibody that specifically binds NGF, comprising a heavy
chain and a light chain, wherein the heavy chain comprises an amino acid
sequence as set forth in any of SEQ ID NO: 14, SEQ ID NO: 18, SEQ ID NO:
22, SEQ ID NO: 92, SEQ ID NO: 93, SEQ ID NO: 94, SEQ ID NO: 98, SEQ
ID NO: 99, SEQ ID NO: 100, SEQ ID NO: 104, SEQ ID NO: 105, SEQ ID
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I nununogl obulin fragnent thereof. 34. The isolated human anti body of claim
33, wherein the Iight chain conprises a |ight chain variable region
conprising an am no acid sequence that is at |east 85%identical to the
am no aci d sequence as set forth in any of SEQID NO 20 12, SEQ ID NO 80,
SEQ ID NO 88, SEQID NO 89, SEQID NO 90, SEQ ID NO 91, SEQ ID NG 82,
SEQ ID NO. 84, SEQID NO 86, or SEQID NO 131, or an antigen-binding or
an i mmunol ogi cal ly functional i mmunoglobulin fragnment thereof. 35. The
anti body of claim 33, wherein the |light chain conprises a light chain 25

vari abl e regi on copprisi M NO AR e s t..least 89%
or 4% i dent cal - Puhe SR AINGE IS SEGUE NG HE 6 Bl n 2 sBadlydb o eo.
or an antigen- bi ndi6)BEY MNOMILY) W B 8 NO:f LIS of e ahtigdnBiaugoboRy! i n
fragnent thereof, 104 b. at |east 91% or 94%jdentical (o the am no acid
sequence as set f gpEHnqlegically fuctonghimmpnogiopulyfragmentprept- ndi ng or an

I mmunol ogi cal |y functional innnunqglobulin fragment thereaof; c. at |east
86% or 87% ident 18gIsolatpdiyman antieda of glaigif, Bhewintae beavy ohain gomprises SEQ | D
NO 89, sor an ant L 36RaLha Rk Dg@j”gggf;g %L@ﬁéﬂa&éﬁﬁﬁ | fNRlino aci
i mmunogl obul i n frlggrre#h%ﬂzrecl)?;t . at _egjéet 87% 91% oEéaglll%lodaécrl\(%ical to
the am no aci d sedeqerse thad issattleast 3% identicalSB@he aniRDacid @gquencezm set forth

fher cof 10 e at 1 SSABTHTeSeOTG: 1ghgi A5R0, (PPN A of S0t
sequence as set forsftigembisigel br N@  iSinundbgieailya ftnctiema! bimdimtglobulian

I mmunol ogi cal ly f.unct it(é)%zlgl I mmunogl obulin fragnment thereof; f. at | east
91% 95% or 96% AR °°E"o the ami no acid sequence as set forth in SEQ

LR R I N T AR AT
identical to the @RdiM@ndQl Eght chain, wherein the light chain comprises an amino acid
sequence as set forth in any of SEQ ID NO: 16, SEQ ID NO: 20, SEQ ID NO:
24, SEQ ID NO: 95, SEQ ID NO: 96, SEQ ID NO: 97, SEQ ID NO: 101,
SEQ ID NO: 102, SEQ ID NO: 103, SEQ ID NO: 107, SEQ ID NO: 108,
15 SEQ ID NO: 109, SEQ ID NO: 113, SEQ ID NO: 114, SEQ ID NO: 115, or
any of SEQ ID NO: 119-134, or an antigen-binding or an immunologicalty
functional immunoglobulin fragment thereof.

39.  The isolated human antibody of claim 38, comprising a human light chain
CDR1, wherein the CDR1 is an amino acid sequence that is at least 85%
20 identical to the amino acid sequence as set forth in SEQ ID NO: 101, SEQ ID
NO: 95, SEQ ID NO: 119, SEQ ID NO: 122, SEQ ID NO: 125, SEQ ID NO:
107, SEQ ID NO: 113, or an antigen-binding or an immunologically
functional immunoglobulin fragment thereof.

40. The isolated human antibody of claim 38, comprising a human light chain

25 CDR3, wherein the CDR3 is an amino acid sequence that is at least 85%

identical to the amino acid sequence as set forth in SEQ ID NO: 103, SEQ ID

NO: 97, SEQ ID NO: 121, SEQ ID NO: 127, SEQ ID NO: 130, SEQ ID NO:

109, SEQ ID NO: 115, SEQ ID NO: 134, or an antigen-binding or an
immunologically functional immunoglobulin fragment thereof.
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sequence as set forth in SEQ ID NO 84, or an antigen-binding or an

i mmunol ogi cal ly functional inmunoglobulin fragnent thereof; h. at |east 86%
949% 95% 98% or 99% identical to the amno acid 20 sequence as set forth
in SEQID NO 86, or an antigen-binding or an i m*runol ogically functional

i b t th 9% 91% 96%
Gont 1 iy vah Bl G Ant RO 8 st feeifically oS RIS Sprhvines POVKEPRRT 2 or an
antigen bl nﬁd:g%ﬁ:n@ bfaﬁeamaﬁl QetigERldgda CHRB %fngﬂ@hg laﬂwmgﬁ&@ bléqu@néer agnent

thereof. 25 36. An isolated human anti body t hat Igemflca bi nds NGF,
conpri si ng wldstegdhyom d‘rcagrnumﬂscawmcgmommana of GRErIEI NOt hé VB NGByalion

"D No 18, “GRTRRH. SErRENESE, §E0 180G SEQ B NGB 10350 BN 541 Seq
D NO 98, RESEQODNQD: 9@9 h RNQ 121960 1BB®! m\l@E MINEER) £k 105,
SEQ ID 105 NO 106, SE 110, SEQ ID NO 111, SEQ ID NO 112, SEQID

NO 116, SEQ: ID,NEQ M Odr24S‘EE§2IIDN@1 18EQID NP: éﬁ@aSﬁ,@llBlNﬁlﬁdrwd an

i mmunol ogi cal | nct i.onal | .obui i.n fragnme thereaf 37. The isol ated
uman anti oG HEfcer Whain (R 4AE H’é’“ﬁ%ga‘W%B'ﬁg 3 AR 5 o hunan
heavy chai ngGERaioNhRdetidh, bheslBgsy chain is an am no acid sequence
that is at least 80%identical to the am no aci d sequence as set forth in

SEQIDNO 99, SEQIDNO 106, SEQIDNO 117, SEQIDNO 111, or

anti gengpi ndi o nol o al | i rmunoegl obul i n a ment
ant om0 00 Al TIARKO B E Al o Gl o Rel: Lol obubis o Ly 20T :
conpri sing @qh@rR¥¥t 1e§£t®0% fiRHtién] bd & RqueiRisBlectol Foml thetddbuy dfREudlal n
conprises an am no acid sequence as set forth in any of SEQ I'D NO 16, SEQ

| D NO. 20, SEgstimg MBPEQIR NOED, SEND Nob 1253E0QI1D NO: 14SEGHEON® INOSEQ7,  SEQ

15 SeQ 1D NG NG4S SIPERi20 53 SEQHD Ny R eraprp SO e Rbe oy

of SEQ I D NGriahfl&srdptdses A6 nftie fahict8 AmHd i §Libafitudibn, iA¥BHIEN, @8 He1adidn

43. The antibody of claim 31,33, 36,38, 41, or 42, wherein the heavy chain and light chain

are connected by a flexible linker to form a single-chain antibody.
44,  The antibody of claim 43, which is a single-chain Fv antibody.
45. The antibody of claim 31, 33, 36, 38, 41, or 42, which is a Fab antibody.
46. The antibody of claim 31, 33, 36, 38, 41, or 42, which is Fab'antibody.
47. The antibody of claim 31,33, 36, 38, 41, or 42, which is a (Fab'); antibody.

48. The antibody of claim 31,33, 36,38, 41, or 42, wherein the antibody is a fully human
antibody.

49. The antibody of claim 31,33, 36,38, 41, or 42, wherein the antibody inhibits NGF
signaling.

50. The use of an antibody of claim 49 in the manufacture of a medicament for treating a

condition caused by increased expression of NGF or increased sensitivity to NGF ina

patient.
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functional immunogl obulin fragment thereof. 39. The isolated human anti body
of claim38, conprising a human |ight chain CDRI, wherein the CDRl is an
am no acid sequence that is at |east 85% 20 identical to the amino acid
sequence as set forth in SEQ ID NO 101, SEQID NO 95, SEQ ID NO 119, SEQ
I D NO 2, .SEQ | r 125, SEQ,ID . 107, SEQ I.D r 113, or an

anti gen?bi ngﬁﬁg’e&?cﬁﬂi%%Te %&PT’}@%’O‘F tcitediad), de IBBUTPH f r agnent
thereof . 40y e shadadbsidl, PHTRRuRM RAF¥mBhiafbRbrabiBess CANRIERI N9 @ human

| i ght chain w8 ’(%IIJDI%% .iv:\'he’rﬁe%iur_l t he %{?Baﬁ an no acrd sequehce that is at
| east 85% deteydlingting diseasks trigrnmivalasuch ge,paserr echaisnis etcohalish sirk<GEQ | D NO
103, SEQ I D ). 97, SEQ I D 121, SEQ.ID NO, 127, SEQ.I D NO. Q, SEQ ID
NO. 109, SHJATHF R sYR PH@_E?Nng%eméfq% ,lmmunsﬂefiﬂewewﬁo s S

i munol ogi calkhng, EHEALIMERR, gbh&ﬁ%ﬁ&ﬂcﬁ@,%ig?aiﬁé,%ﬁﬁ’é?heid&@ﬁé%ixedwgkc&l%r ofN _

i sol ated human anti body t'hat specifically binds NG conprising a heavy chain
or a fragneot-vascular sesivgmed) &insioodwpdacke, pgneralbR3mamtipn, & ihnigis ahewnativo aci d
sequence selected fromthe gro of seguences consi st ] f SE NO 14,
3RO TD N demesigyasarbi AR M frmgiey PR aders. SRePED No
103, SEQ | DpNGky syﬂ%me%@aﬁ%zﬂ@a ek%%ism%g, kiFPialy -at?{llgor uﬁEthinglé}Q r 115, SEQID
NO 118, SEQ ID "NO 121, SEQ | 124, "SEQ ID NO 127, SEQ ID NO 130,
SEQ | D NO dBdrdarsdpsomiaviay skantompleinsovitvirdlasimmtotyeowgponants, sootpmj ceditino nor e
t han one am,no acid substituti or] i nsertion, or dﬁl eti.oH 42. An isol ated

human ant i bBERPAHRMEQSEE PR (ollnerr¥aser dissases. ShiogiciRtlammatyryci d

sequence at L oasi,9 i i :ﬁﬂht of
sequences (c:(%)nm sntsi %%%%ﬁ% ath%aﬁsloac, SE Ir[)aiﬁcs)%qu,qﬂl%a(;) I’[SI%%IC%%%ZEO SEQ ID
NO 16, SEQpaihBndiassotidieddyQedalpebi@or 2Dodyarn dBBEQId fixukipatid2painmiusalgiar i ant

t hereof wherein the ,variant conpris no .nore fhan one amn i d

substituti ofymp wﬂlbmalrﬂ?mefﬁpgﬁ %ﬁﬁ?r&gt.aﬂ%éy'ﬁﬁ?m%avﬁm %'&Fﬁ‘ﬁélﬁ@s,

36, 38, 41, , W i j e B ted by
St voxi bi e fmf o tERRLfor, REBERILIEH I B b lceb Mt e BRRRRE. ©C Y
43, which i gertomringlyegashaimeskvalaortviafmihy regions, wounds, burns, ailergic skin

reactions, pruritis, vitiligo, general gastrointestinal disorders, colitis, gastric ulceration,
duodenal ulcers, vasomotor or allergic rhinitis, or bronchial disorders, dysmenorrhoea,

dyspepsia, gastroesophageal reflux, pancreatitis, or visceralgia.

52. A pharmaceutical composition comprising a pharmaceutically acceptable carrier and a

therapeutically effective amount of the antibody of claim 49.

53.  The use of the pharmaceutical composition of claim 52 in the manufacture of a
medicament for treating a condition caused by increased expression of NGF or increased

sensitivity to NGF in a patient.

54. A method for detecting NGF in a biological sample comprising:
a. contacting the sample with the antibody of claim 31,33, 36, 38, 41, or 42, under
conditions that allow for binding of the antibody to NGF;

b. and measuring the leve!l of bound antibody in the sample.
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45. The antibody of claim 31, 33, 36, 38, 41, or 42, which is a Fab

anti body. 46. The antibody of claim 31, 33, 36, 38, 41, or 42, which is
Fab' anti body. 47. The antibody of claim 31,33, 36, 38, 41, or 42, which is a
(Fab')2 antibody. 48. The anti body of cl ai m 31,33, 36,38, 41, or 42, wherein

the antjbody is a fully h n, antib T f claim 31, 33,
56. 3, 1. A pusis® atkmiertly At ahfided iy vy e BER £ b 46 9748 “The use
of an anti body of claim49 in the nmanufacture of a nedi canment for treati ng a
condi ti on caused by increased expression of NG or increased sensitivity to
NGF i n . patpgieell copprising theheucigieaad oftlaimd50, wherein the condition is
acute pain, dental pain, pain from trauma, surgical pain, pain resulting
from anput ation or abscess causal gia, denyelinating diseases, trigem nal
neural g7a, ARRGRked CNIGR! tHat%JrSdﬂé@é ArSaRtiboHY Mrdm%ﬂ%@%ﬁclaﬁﬁh 31 53’31% one,

di abetes, acquired i mune deficiency syndrome ( ., toxins,

chenot herapiﬁ 4hemel2al headache, migraine, cluster headache m xed vascul ar
or non-vascul ar syndrones, tension headache, general inflamation,
arthritis, rheumatic diseases, |upus, osteoarthritis, fibronyalgia,

i nf | anmggt or y m@ecmesaﬁ@iﬁg ageﬂtrcbinbﬁslhg at RMRhe amnﬂi &ﬁ@seqhsﬁde%mw&@r y eye
di sorders, infl an’mato%d unst ab bl adder disorders, psoriasis, skin

conpl ai nt s fiwm BECD A @oSEQdM@n&mt@Q H N€Uirld, SEQrIB NOs 16, &E(Mﬁﬂ‘i@l s,

T o S R S G A o bR S8 T R TRB i o,

neur opat hi cihe BRidihgBdneSBth@iedGRyper al gesia or al | odyni a, d| abetl c
neur opat hy pain, causal gia, synpathetically maintained pain,

deafferentation syndrones, asthma, epithelial tissue damage or dysfunction,

her pes i sturbances.of visceral |1t respi,r,ator.

geni to e R et R T AT S

skin reaCtm@ﬂaﬁeutﬁﬁﬂj? kfft@ive\Addubt &0the BRARIpAS eﬂaﬁ“tc[d?ﬂnrﬁses'“ nal disorders,
colitis, gastric ulceration, duodenal ulcers, vasonotor or allergic

rh|n|t|s or bronchi al dlsorders dysnenorrhoea dyspepsi a,

O P A BANFRE 2 B r ESH B Paiicufe B oo

medicament for treating a condition caused by increased expression of NGF or increased

sensitivity to NGF in a patient.

61. The binding agent of claim 58 that is a protein.

62. A nucleic acid molecule that encodes the binding agent of claim 61.

63. A host cell comprising the nucleic acid of claim 62.

64. An isolated cell line that produces the binding agent of claim 63.

65. The use of the binding agent of claim 58 in the manufacture of a medicament for treating
a condition caused by increased expression of NGF or increased sensitivity to NGF ina

patient.

66. The use of claim 65, wherein the condition is acute pain, dental pain, pain from
trauma, surgical pain, pain resulting from amputation or abscess, causalgia,

demyelinating diseases, trigeminal neuralgia, cancer, chronic alcoholism, stroke,
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therapeutically effective amount of the antibody of claim49. 53. The use of
t he pharnmaceutical conposition of claim52 in the manufacture of a

medi canment for treating a condition caused by increased expression of NG- or
i ncreased thelamid pain Syndrmnbj(ﬂiabemesaaqalairbéhnmuﬁﬂdeﬂkimyhpnﬂrbme (BRIRRYI ng NGF

'nab'olo cal npl.e conpris cantactin t le wth the
:ant i bol:ly of I"E'I“é’l %ﬂe@ft@?pys t{eﬁ%g%ah%rm'ﬂ?meuhl&gﬂe rrp ’t"‘ﬁ&‘flara?rl ow for
bi ndi ng of ﬂdﬁeva%Eﬁlhnbﬁgﬂrc{nQes'\@EsmPheﬁ@%d@&%?&l'lﬂﬂaﬁﬂﬁtléﬁ\éﬂhnﬂi rRQiidicant i body

in the sanple nucl eic acid nol ecul e that encodes the antibody of
cl ai m 31, 33ised6¢s3Bipus, Isteonrthirdtis, fﬁﬁ)m)mlgmsnﬂmmbtomhqnwelsh:rcgdferh,emtaub:lt eic acid

of claimb5 i sol ted ell linhe that ces an accordi ng

to any of gl?oéyeigyrg%omggn ey disgfdergoin ma OTXEGE vasia :’JP‘@% ndi ng agent
conpri sing ﬁ&orl:l@r@ soHE.‘sﬁs %Hln%ngﬂélﬁts%ﬁﬁﬁﬁﬂ%nﬁﬁié%%&ﬁgonéniso'Eﬁ‘u%%@x 'cQ‘dN@ 10,
SEQ ID NO 12, NO NO 20,

SEQ | D NO. mmamm nwwltmfn@@SJ OlInGEs va?@ilaﬂtbeamdclvmhmcenﬂmnmh@ml nd| ng agent

bind t t t
Shar raceut | I3 AR BaR Ant A on AR Prveledy CO&EQ‘P%&{'”ZPFE&P?‘% amount
of the bi ”d}bd‘ﬂmﬂﬂ&%cn@t@d ‘hlyﬁérﬁl'g5§a oPRlodihR, &%Bet&fnemamﬁa'i@%@ﬁ’stal

conposi tion of claim58 in the manufacfure of canent for %;reatl ng a
condi ti on cyuyathebyallyhoaintede }Emprdesﬁfﬂ:romtamn $yBAragnes asthreaspithelizd tisivei vity to

NGF i 1.. The bj f | 58 1 t 62. A
ol b e an: danke o dysdupetin: et Piradistaes dhyRieal foglily A fpraosy
nost cel | CQURRGihAM dabRoMHRIIGr IcllePFeaidya WoSitis Bikms Aeigholiah Rdctl | ne

t hat produceés the ndi ng agent of clal m63. . The use of the bi nding
agent of cl priurti§&itiligct, gamdrgaﬁmnuswiad)filsardmdc@arsegastrﬁtoulccmt;am,|dmgderal

condi tion caused b I ncreased. expression qf Increased sensitivity to
NGFina p ?ré’n‘fas rggtor ?ﬁgﬁ‘ﬁ%'& rE’F“tbsI’ % %og@nal%lrcgqrﬁ thHIBe‘&‘Bﬁm"?’l (@ﬁp‘fpé 4acut e
pai n, dent ab,shabddphiRalrefliR Pancreatitis, or visceralgia.

67. A method for detecting NGF in a biological sample comprising:
a. contacting the sample with the binding agent of claim 58, under conditions that
allow for binding of the binding agent to NGF; and

b. measuring the level of bound antibody in the sample.

68. An isolated nucleic acid molecule comprising a nucleotide sequence that encodes an
amino acid as set forth in any of SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ
ID NO: 16, SEQ ID NO: 18, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID
NO: 40, SEQ 1D NO: 41, SEQ ID NO: 42 SEQ ID NO: 43, SEQ ID NO: 44, or any of
SEQ ID NOS: 79-134.

69. An isolated human antibody or an antigen-binding or an immunologically functional
immunoglobulin fragment thereof that binds specifically to NGF, wherein the antibody
or fragment comprises a heavy chain variable region comprising:

a. a CDR1 region comprising an amino acid sequence of the formula:

a'a’a’a’a’
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trauma, surgical pain, pain resulting fromanputation or abscess, causal gia,
denyel i nati ng di seases, trigem nal neural gia, cancer, chronic al coholism
stroke, 109 thalam c pain syndrone, diabetes, acquired i mmune deficiency
syndronme ("AIDS"'), toxins, chenotherapy, general headache, m graine,
cl uster headache, m xed-vascular or non-vascul ar syndrones, tension
headache, general inflammuation, arthritis, rheumatic diseases, |upus,
osteoarthritis, fibronyalgia, inflamatory bowel disorders, irritable bowel
syndrone, inflammtory eye disorders, inflammtory or unstable bl adder
di sorders, psoriasis, skin conplaints with inflanmatory conmponents, sunburn,
carditis, “&*Hatitis, myositis, neuritis, collagen vascul ar diseases,
chronic inflammatoyy conditions, inflammatory pain and associ ated
hyper al gesi a and & Faaghrhy FespErmcid repdess and associ at ed hyperal gesi a or
al  odyni a, diabetig neuropathy pain, causalgia, synpathetically maintained
pai n, deaf f er ent ati A" SPAFHGHREO agid repifle; epithel ial tissue danmage or
dysfunction, herpeg sinplex, disturbances of visceral nptility at
respiratory, genigt S@melinkato, polps dydrephebics apmatic awing aeid tpsidpeir egi ons, wounds,
burs, allergic skip reactions, ruritis, vitiligo, general gastrointestinal
di sordefs, coliti$, lsga@utmlbydmt@gmrmhauwnmaw regideesrand vasonot or or
allergic rhinitis,spr bronchi al disorders, dysnmenorrhoea, dyspepsi a,
gast r oesophageal éislagiphatia ecpaartiydtophilio pminoscidrresidyien. 67. A met hod for
detecting NGF in a biological sanple conprising: a. contacting the sanple
with the binding agent of claim58, under conditions that allow for binding
of the binding agent to NG-; and b. neasuring the | evel of bound antibody in
t he sanpl e. 68.b.An GRXRY wgiod coroprisiigmnaniinh avid seqednee efthpforsilay a nucl eoti de
sequence that encodes an amno acid as set forth in any of SEQ ID NO 10,
SEQ ID NO 12, SEQID NGO 14, SEQ ID NG 16, SEQID NO 18, SEQ ID NGO 20,
SEQ ID NO 22, SEQ ID NO 24, SE%ID NO 40, SEQ 1D NO 41, SEQ ID NO 42
SEQ I DIRO 43, SEQ | D NO biy’bbib aibie oo tSESul ‘e v 79-134. 69. An isol ated
human anti body or an antigen-bi nding or an i nmunol ogi cally functi onal
i mmunogl obwhereirf:r agnent t hereof that binds specifically to NG, wherein the
anti body or fragnment conprises a heavy chain variable region conprising:

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;

15 b* is a polar hydrophilic, hydrophobic, or aromatic amino acid residue;
b’-b” are independently polar hydrophilic or aliphatic amino acid residues;
b'° is 2 polar hydrophilic, aromatic, or aliphatic amino acid residue;

b'! is an aromatic or hydrophobic amino acid residue;
b'2 is an aliphatic hydrophobic or polar hydrophilic amino acid residue;

20 b*? is an aliphatic, hydrophobic or polar hydrophilic amino acid residue;
b'* and b*® are independently polar hydrophilic amino acid residues;

b’ is an aliphatic or aromatic hydrophobic amino acid residue; and

b"" is an aliphatic acidic amino acid residue; and
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a. a CDRI region conprising an am no acid sequence of the formula:

al a2a3a4a5 110 wherein: al is a polar hydrophilic amno acid residue; Wis
an aromatic amno acid residue; a3 is a aliphatic, polar hydrophobic,
aromatic amino acid residue; 5 a4 is a neutral hydrophobic or aliphatic
amno acid residue; and a5 is a aliphatic or polar hydrophilic am no acid
residue; b. a CDR2 region conprising an am no acid sequence of the formul a:
10 bl b2b3b4b%6b7bsb% % t bt 2bi 3bi abi sb16b17 wherein: bl is a aliphatic,
pol ar hydrophobic, or aromatic am no acid residue; b2 is an aliphatic

hydr ophobi ¢ am n residues.h3 is. ol ar hydrpphilic or aromatic am no
acid residue; fS%tgﬁlbgmﬁl%%S {Ea oaf)lﬂll?q&é%s W%ﬂﬁgﬁf?}“ﬂﬁr aromatic anino
acid residue; bs-b9 are _indapendentbyi polsas 1hygdophi lic or aliphatic amno
acid residues; bl0 is acgﬁgﬁﬁycd? 8p iq%c? %r‘%ﬁati c, or aliphatic am no
acid resi d% - bl1l is an aromatic or hydrophobic am no acid residue; bl2 is
an aliphati ﬁ\?drophobi c or polar hydrophilic amno acid residue; 20 bl3 is
an aliphatic, hydrophohic or | ar hydraphi|lic am no acid residue; bl4 and
b16 are independeﬁt'gggsﬁ’&ﬁ"élmﬁ@ﬁ‘?@cpﬂ?‘#&c‘gmsme?aci d residues; bl5 is an
al i phatpc or aromati c. hydrophobi mng acid residye; and,. bl7 is an
al i phatikc aci di c 3rﬁsr?6’s%‘6i°ﬂ arpg&rglg&oplgﬂta of @ apomatic dyydeophohic 8mineasist i si ng an
am no aci d sequengsgidaé; the fornul a:
C2C1lc4C5C6C7CBCICI OC11C12C13C14C15C16CL7 wherein: cl is absent or an
al i phatic am no agi dnfegh dreindopdndent’y BRANTrOf FoIROhARofIH, ORBhie OF an
aromati ¢ hydrophobi ¢ am no aci d

hydrophobic, or aliphatic amino acid residues;

Q)

¢’ is absent or a polar hydrophilic, aliphatic or an aromatic amino acid

10 residue;
c®is absent or a polar hydrophilic or aliphatic amino acid residue;
¢’ is a polar hydrophilic or an aliphatic amino acid residue;
c®is a polar hydrophilic, hydrophobic or an aromatic amino acid residue;

¢’ is a polar hydrophilic, aliphatic or an aromatic hydrophobic amino acid

15 residue;

¢'® a polar hydrophilic, aromatic hydrophobic, or an aliphatic hydrophobic

amino acid residue;
c'! - ¢* are independently polar hydrophilic or aromatic hydrophobic amino
acid residues;
20 ¢'* is an aliphatic or aromatic hydrophobic amino acid residue;
¢! is a polar hydrophilic or neutral hydrophobic amino acid residue;
c'6 is absent or a polar hydrophilic amino acid residue; and

¢'” is an aromatic hydrophobic or aliphatic hydrophobic amino acid residue,

and wherein said antibody or fragment dissociates from a human NGF
25 polypeptide with a Kp of about 1 x 10? or less and neutralizes human NGF
bioactivity in a standard in vitro assay with an ICs of about 1 x 10 M or less.
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residue; c3 and c4 are independently absent or a polar hydrophilic, aromatic
hydr ophobi ¢, or aliphatic am no acid residues; c5 is absent or a polar
hydrophilic, aliphatic or an aromatic am no acid 10 residue; c6 is absent
or a polar hydrophilic or aliphatic amno acid residue; <c¢7 is a polar
hydrophilic or an aliphatic amno acid residue; c8 is a polar hydrophilic,
hydr ophobi ¢ or an aromatic amno acid residue; c9 is a polar hydrophilic,

al i phatic or an aromati c hydrophobic am no acid 15 residue; cl10 a pol ar
hydrophilic, aromatic hydrophobic, or an aliphatic hydrophobic am no acid
residue; cll - cl13 are independently polar hydrophilic or aromatic

hydr ophobi ¢ amno acid residues; 20 c14 is an aliphatic or aromatic

hydr ophobi c ino_acid residue;, cl5 is a pglar_hydragphilic or neutral
hydr ophobi ¢ gﬁ: no bo s‘?r%[?g?lmﬁ%’"ﬁ%gfg 690‘%9&5 | ar hydrophilic anino
acid residue; and cl17 is gn aromatic, hydrophoki c_ or aliphatic hydrophobic
ami no acid residue, and® whepgd Ygﬁ"!PB‘h&ﬁIPF'B&&S‘}“E?g“Pi agment di ssoci ates from
a human NGF 25 pol ypeptigde with a KD of about | a 10"9 or less and
neutral i zes human NGF bi 8%} FPRghs hydgophebicamaing apid résiduplo assay with an | C50
of about 1 x 10'8 Mor less. 112 70. The antibody or fragnment according to
Claim6d wherein: al is?dspoplighatshydephobic anipneed resdus resi due; a2 is an
aromati c hydrophobic amnp and residue; 5 a3 is an aliphatic hydrophobic
amino acid residue; a4 Psisaneiw pydrophgbicophobic; as is a pol ar hydrophilic
amno acid residue; bl is;a aliphatic _or aromatic amino acid residue; b2 is
1l e: a’ is a polar hydrophilic amino acid residue;

b' is a aliphatic or aromatic amino acid residue;

b is Tle;

10 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;
15 b' is Tyr;
b* is an aliphatic hydrophobic amino acid residue;
b!? js an aliphatic or polar hydrophilic amino acid residue;

b** and b' are independently polar hydrophilic amino acid

residues; and

20 b3 is an aliphatic hydrophobic amino acid residue;
b"7is 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 acid residue;
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10 b3 is a polar bydrophilic amno acid residue; b4 is a polar hydrophilic
or aromatic am no acid residue; bs-b9 are independently polar hydrophilic or
al i phatic amno acid residues; blDis an aliphatic amno acid residue; 15
bll is Tyr; b;2 is an aliphatic hydrophobic am no acid residue; bl3 is an
ali phatic or polar hydrophilic am no acid residue; bl4 and bl6 are

i ndependently pol ar hydrophilic am no acid residues; and 20 bl5 is an

al i phati c hydrophobic anmino acid residue; b'7 is an aliphatic acidic am no
acid residue; cl is absent or an aliphatic amino acid residue; c2 is absent

or a polar hydrophilic or; a ar oma} i ¢ hydrophobic anmino acid residue; 113
c3 and c4 are independenf|&" éb's“@ﬁ’ﬁ' epyndgntlyabsgnt A2 Pelhisidrephilic, aameticc

hydr ophobi ¢, or aliphati ByRepHoBicasH Hpkdtis hiiBScidgssidus;absent or a pol ar
hydrophilic amno acid res ue; c6 is absent or a polar hydrophilic or

al i phatic amno acid resbf‘ih’%sent%rﬁ%o]a?hﬂr@mlﬁramwc%hh & or an aliphatic

am no acid residue; cs is a polar ydroph| hydrophob| ¢ or an aromatic

amino acid residue; c9 }pfg é’bs@:ﬂ'o%g hjh'c%ra]ﬁ:lhh %[n rﬁﬁ gromatic

hydr ophobi ¢ am no acid residue; a pol ar aromatic

hydr ophgbic, or an ali ph@‘lﬁ&ﬁl@ﬁ’%{ﬂ%ﬂﬂﬁ@b&@ﬂpﬁﬁm@ﬁhﬂo c" - cl3 are

i ndependent |y pol ar hydrophi romati c ydrophoil c am ﬁo aci d
residues; cl4 is an ali pEiaCdir HERPRIE, CydIhRO BT «RMR0 aftfilohelST due;

residue;

¢’ is a polar hydrophilic, aliphatic or an aromatic hydrophobic

araino acid residue;

10 ¢'® is 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;

15 ¢'5 is a polar hydrophilic or neutral hydrophobic amino acid

residue;
16 is absent or a polar hydrophilic amino acid residue; and

¢'7is an aromatic hydrophobic or aliphatic hydrophobic amino acid

residue .
20 71.  The antibody or fragment according to Claim 69 wherein:

a'is Ser, Asp, or Thr; a®is Tyr; a° is Ala, Ser, Trp, or Gly; a* is Met or Tle; 2°
is His, Gly, or Asn; blis Tyr, Gly, le, or ASp;b2 is Ile; b® is Ser, Thr, Tyr, or
Asn; b is Trp, Arg, or Pro; b’ is Ser, Asn, or Gly; b® is Ser, Arg, Asp, or
Gly; b is Ser, His, or Gly; b® is Ser, lle, Asp, or Thr; b® is Lex, Ile, or Thr; b'°
25 is Gly, Lys, or Phe; b'! is Tyr; b'? is Ala or Ser; b" is Asp, Gly, or Pro; b™ is
Ser; b'® is Val or Phe; b is Lys or Gin; b7 is Gly;, ¢ is absent or an

aliphatic amino acid residue; c? is absent or Tyr; ¢ and ¢* are independently
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15 c15 is a polar hydrophilic or neutral hydrophobic am no acid residue;
cl6 is absent or a polar hydrophilic amno acid residue; and cl7 is an
aromati ¢ hydrophobi c or aliphatic hydrophobic amino acid residue. 20 71.
The anti body or fragnment according to Caim69 wherein: al is Set, Asp, or
Thr; a2 is Tyr; a3 is Ala, Ser, Trp, or Qy; a4 is Met or Ille; a5 1is His,
@y, orAsn; b' is Tyr, Ay, Ile, orAsp; b2 is Ile; b3 is Ser, Thr, Tyr, or
Asn; b4 is Tip, Arg, or Pro; b5 is Ser, Asn, or Ay; b6 is Ser, Arg, Asp, or
Gy; b7 is Ser, Hs, or Gy, bs is Ser, Ile, Asp, or Thr, b9 is Leu, Ile, or

Thr; bl0 25 is d r. Rhe; | iss Tyr: bl2.4s a,. of. r; |3|sAsp,
Ay, or Pro; bl4 %WL%Z?T‘ %5’1’5‘; ’sor@fl"brls ?%5","" %%G‘ys(’{b?’%rls %ﬁgﬁt BT? is dy;
c' OIi s4absent gr aGly, Qtl?mahhccagmp' tpagi_r& ﬁamm\/m e, ﬁbﬂﬁ-négggﬂls-rylr) cf
n r n nden n r n
ger CGI 3, eolr Treg,e ¥ei°F Yéﬁséﬁt‘??%gf °“°€gy°’“’g§ﬂ H%cﬂ@gmwéjqﬂsﬁ’elﬁs ir;,e or
Asp; ca is Trp, Pr , 02QUsn; &t ISWe v&Qoid Sly HLS s M o AF ¢ aba@ﬂt,o oyal Tyr,
or Arg; ell- cl13 are i ndep endent | { Ser, P he, Tyr, p, or Asn ¢14 is The,
(

Val, or35d@y; ci15 iAsn)ed CorISTRSrrPf\@ is absent, Asp, or 5 Asn; and cl17 is
Tyr or Val. 72. The antibody or fragnent accor d| ng to Cl aim 69 wherein: al
is Ser or AsﬂZ a2 The amtipody erFragmenl agcardingiy Clam 63 whewein: or Ile; as is His or
Asn; bl is Tyr orGy b2|%IIe b3 is Ser, Thr, Tyr, _or Asn; b4|sTrp,
Arg, or Pro; b5 is lsSarorcaﬁSP,AmﬁT}bﬁa iis ABarr Ser; aAnsgietbﬂllc,SI iﬂ&sorAﬁL_\]a bs is

Ile or Thr; b9 is G -Thr 1 5 b12 is
Ala or Ser; bl3 |ésL§gﬁrlo;y’ 1‘1 E%fT% I?yr’Brl é’ Vsaf) b |s Lys or
a 3; bn is IGy bCSei@'&ﬁﬁhﬁriﬁ Sﬁ'ror@rg,,b7€s'21-lis$)rG@bS%EMCwTﬁyfbglsQ&uaM of4 are
inepenentyas T [ , GP .| se;or Ser; c6,i.s Ser or
dy; c? |s dy orermd’w %@lygriﬁlcpgl %ﬁ’b b 9S$]§°Hg§r E3 SPBT'G*I?S:P 1810 is Val
or Tyr; cll- c33 &eebPndsnesdent [ erys oImn bPh_§G139rcl msm@&m@&@ Phe or
Val; cl15 is Met or p, cl6 js ab4sent or - and ¢cl17 is Tyr val . 73.

The anti body of clabsem ggTerﬁepJgif A are mdcpendentfy abseut, Tyr, Gly, or Val ¢ is
absent or Ser; c®is Ser or Gly; ¢ is Gly or Arg; tis Trp or Pro; ¢’ is His, Gly,

or Tyr; ¢! is Val or Tyr; ¢'! - ¢! are independently Ser, Tyr, Phe, or Asp; ¢**
15 is Phe or Val; c"* is Met or Asp; ¢'® is absent or Asp; and ¢'” is Tyr or Val.

73.  The antibody of claim 69, wherein:

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

NO: 22, the heavy chain CDR2 has an amino acid sequence as set forth in

SEQ ID NO: 18, and the heavy chain CDR 3 has an amino acid sequence as
20 set forth in SEQ 1D NO: 14;

b) the heavy chain CDR1 has an amino acid sequence as set forth in SEQ ID
NO: 92, the heavy chain CDR2 has an amino acid sequence as set forth in
SEQ ID NO: 93, and the heavy chain CDR 3 has an amino acid sequence as
set forth in SEQ ID NO: 94;

25 ¢) the heavy chain CDR1 has an amino acid sequence as set forth in SEQ ID
NQ: 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 amino acid sequence as
set forth in SEQ ID NO: 100;
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a) the heavy chain CDRI has an am no acid sequence as set forth in SEQ ID
NG 22, the heavy chain CDR2 has an am no acid sequence as set forth in SEQ
ID NO 18, and the heavy chain CDR 3 has an ami no acid sequence as 20 set
forth in SEQID NGO 14; b) the heavy chain CDRL has an am no aci d sequence
as set forth in SEQID NO 92, the heavy chain CDR2 has an am no acid
sequence as set forth in SEQID NO 93, and the heavy chain CDR 3 has an
am no acid sequence as set forth in SEQID NGO 94; 25 c) the heavy chain
CDRI has an amino acid sequence as set forth in SEQID NO 98, the heavy

chain CDR2 has an 1 | c S. o h.i L DeNQD 99, and

t he heavy chain &&H%ﬂ%gg%%‘%n g%%lr#ghg?ég? snégahléinsg@eg%c £ssg$%ﬁﬁﬁ$ADSEQ | D NO
100; 115 d) the HWN@vY04; ke eaGPDblaith @DR2hasan amirdcicill seqopneaaesasortiein forth in
SEQ ID NGO 104, 'y, chai as 1 No_acid sgquence as set
Forth in S 1 b N AR 105 e T oo G Cihon 20 S MRS &oi o
sequence as set $epfdrih jh SEQEONG 19§ 106, 5 e) the heavy chain CDRI has an
am no acid sequence as set forth in SEQID NGO 110, the heavy chain CDR2

has an sanino aci de)IBGHGRS Chad CORY Haki Bmind acﬁﬁ%de&d\xg_-setlﬁﬂth igEQube heavy
chain CDR 3 has an_am no acid sequence as seft forth in SEQ ID NO 112; or

f) the heavy chaiNOchH thisheaxy, chain GHRNag an aminorackd sequenge a§ satdforth W SEQ 1D
10 NG 116, the h 11 1 Gfdnd W EhﬁITEﬁ' R 336k 9n SRMHORRGeqRNSELs forth in
SEQ I D NO 117, a%q?ﬁghﬁea\% chai n E‘3 as an am no acid Sequence as set
forth in SEQ | D Netforthgn SEQ IDA: 1@ axt ed human anti body or an
antigen-binding or an i munol ogically functional im nmunogl obulin fragnent

t hereof that bind thpkeavy clein CHRA daiNGFaming Beidisequehee asiset frth i 8B IBr f r agnent

conpriges a |ightyghaih variable. J nREI S 0. CE%R egi on

conpri ztl?ng an am ﬁ@ g(i:(?’&h egfééc?u ﬁlgaél{ g’?’@h%gs 1“;1 of ':'aflzcﬂip“ml'{il‘mct{;Ias B8
SEQ ID NO: 117, and the heavy chain CDR 3 has an amino acid sequence as

set forth in SEQ ID NO: 118.

o
=
I

74.  An isolated human antibody or an antigen-binding or an immunologically
functional immunoglobulin fragment thereof that binds specifically to NGF,
15 wherein the antibody or fragment comprises a light chain variable region

comprising:

a. a CDRI1 region comprising an amino acid sequence of the formula:

a1a2a3a4asa6a7’a8a9aloal lal‘Z

wherein:
20 a' is a polar hydrophilic amino acid residue;
a2, a'! and a'? are independently aliphatic or hydrophobic amino
acid residues;
a’, a°, a’ and a° are independently aliphatic, polar hydrophilic, or
hydrophobic amino acid residues;
25 a® is a polar hydrophilic amino acid residue;

2% is an aliphatic or hydrophobic amino acid residue;

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

residue; and
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al a2a3adasabal a asal oal ' al2 wherein: 20 a' is a polar hydrophilic am no
acid residue; a2, all and al2 are independently aliphatic or hydrophobic

am no and residues; a3, ab, a7 and as are independently aliphatic, polar
hydrophilic, or hydrophobic am no acid residues; 25 a4 is a polar
hydrophilic am no acid residue; a6 is an aliphatic or hydrophobic am no acid
residue; a9 is absent, or an aliphatic or polar hydrophilic amno acid
residue; and 116 alO is an aliphatic, aromatic, or hydrophobic am no acid
residue; b. a CDR2 region conprising an am no acid sequence of the fornul a:
5 bl b2b3b%84a wherein: blg.is | i phati.c, pol.ar dr ophohi.c, . or hydrophobic
anmino acid residue; b2 Ps 1‘%{%@Pﬁ%’ﬁa"ﬁ%ﬂtﬁr°rﬂ:9'ﬂ¥°85ﬂ%‘b?‘3§‘8ﬁflﬂ6és§gﬁd resi due;
10 b3 and b4 are independently polar hydrophilic, aliphatic or hydrophobic
am no acid residues; b5 is a polar hydrophilic or aliphatic hydrophobic

am no acid residyes; is a polar hydrophilic or al, tic hydrophobic
anino acid 15 reE'i?j : afﬁ%mb?(?ql@sﬁ‘g P“&‘m"l‘?{]‘@r“"ﬁ)‘ﬂ’r‘?}“’l’q‘gjﬂg“% cid residue;
and ¢, a CDR3 region conprising an anm no and sequence of the formul a:

cl e2e3e4cSebe7cSc?dCc" c12e13Cl4el5el6el7 20 wherein: cl and c2 are

indepengently pol ar hydrophilic a"ig%ﬁﬁﬂgﬁﬁgﬁidUES;

wherein:
b' is a aliphatic, polar hydrophobic, or hydrophobic amino acid
residue;
b® is an aliphatic or hydrophobic amino acid residue;
10 b® and b* are independently polar hydrophilic, aliphatic or
hydrophobic amino acid residues;
b’ is a polar hydrophilic or aliphatic hydrophobic amino acid
residues;
b® is a polar hydrophilic or aliphatic hydrophobic amino acid
15 residue; and

b’ is a polar hydrophilic amino acid residue; and

c. a CDR3 region comprising an amino acid sequence of the formula:

clczc3c4cscﬁc'?cﬂcgclocl1012013014015016017

20 wherein:
c! and ¢ are independently polar hydrophilic amino acid residues;
¢® is a polar hydrophilic, aliphatic or hydrophobic amino acid
residue;
¢*, ¢® and ¢f are independently aliphatic, polar hydrophilic, or
25 hydrophobic amino acid residues;
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c3 is a polar hydrophilic, aliphatic or hydrophobic amno acid residue; c4

, ¢5 and c6 are independently aliphatic, polar hydrophilic, or 25

hydr ophobi ¢ ami no acid residues; 117 c7 is absent or a polar hydrophilic or
an aliphatic hydrophobic amno acid residue; cs is a polar hydrophilic or
hydr ophobi ¢ am no acid residue; and c¢9 is a polar hydrophilic am no acid
residue, 5 and wherein said antibody or fragnent dissociates froma human
NGF pol ypeptide with a KD of about 1 x 10-9 or less and neutralizes human
NGF bioactivity in a standard in vitro assay wth an 1C50 of about 1 x 10 M

or less. 75. The anti body.or.fr nt.a I . Q.Chakm 7 rein: 10 al
a3, a4, a7 and a8 are ig%e]%eaﬁ%gﬁ?% pﬁﬁ%&%ﬁ%ﬁ%i iac}%géﬁcngydg%%aﬁcresi dues;

a2, a6, a" and al2 are iamiapsadidiesiiby al i phati c hydrophobic amno acid
residues; a5 is a polar hydrophilic or aliphatic am no acid residue; 15 a9
i s absent, or an ali phatd®ts ayolgpdydmphilicerdgiiophabicamine acid rdidue;@ad due; alo is
an aliphatic or aromatic amno acid residue; bi is a aliphatic, polar

hydr ophobi ¢, or hydr ophaliiica pstirhrydmehitic ammweiacidessid®, b2 i s an aliphatic

hydr ophobi ¢ am no aci d residue; b3, b4 and b7 are independently pol ar
hydrophi | ic amino acid zndsilchushs saith antibady o6 fragraent dileeneiefidrh b alaar

hydrophilic or aliphati ydrophobic.,amno acid residugs, 25 c¢c 1 and c2 are
i ndependent |y pol ar hydﬁgg imlﬂpea“‘re‘nﬁ’“gc? ngr é’giﬂgﬂ‘étsi x 107 of ?"33 and

neutralizes human NGF bioactivity in a standard in vitro assay

with an ICsg of about 1 x 10® M or less.

75.  The antibody or fragment according to Claim 74 wherein:

10 a', a°, a%, a” and a® are independently polar hydrophilic amino acid
residues;
2%, %, 2" and 2% are independently aliphatic hydrophobic amino

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

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

a'® is an aliphatic or aromatic amino acid residue;

b' is a aliphatic, polar hydrophobic, or hydrophobic amino acid

residue;
20 b? is an aliphatic hydrophobic amino acid residue;

b’, b* and b’ are independently polar hydrophilic amino acid

residues;

b® and b® are independently polar hydrophilic or aliphatic

hydrophebic amino acid residues;
25 ¢! and ¢? are independently polar hydrophilic amino acid residues;

¢® is a polar hydrophilic, aliphatic or hydrophobic amino acid

residue;
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c3 is a polar hydrophilic, aliphatic or hydrophobic amno acid residue; 118
c4 , c5, and c6 are independently aliphatic, polar hydrophilic, or
hydr ophobi ¢ anmino acid residues; c7 is absent or an aliphatic hydrophobic
am no acid resi.due;. 08 is a hydrophobic amno acid residue; and 3 c9 is a
pol ar hydrophilic amno acid residue. 76. The anti body or fragnent
according to Claim75 wherein: at, a3, a4, and a7 are Arg, Ser, Gn, and
Ser, respectively; a2 is Ala; 10 a5 is Ay or Ser; as is Ser or Be; a9 is
absent, Ser, or Ay; atOis Ala, Tyr, Trp or Phe; bl is Asp, Ay, A a, or
Val ; 15 b2 and b3 are Alg a ctl b4 i rr of.Asn; b5 is
Leu or Arg; b6 is Gu, A acgoﬁnge‘:nm‘ rzllﬂha E’QS‘Y@"P]&HB X2 are dn:
c3 is The, Tyr, Arg, or ﬁ}hﬁ,hoﬁéamﬁlo,aaamﬁuys or Ser; c5 is Ser or Asn; c6
is Tyr, Ser, Trp, or Phe; 19 ¢7 is absent, Pro, or His; cs is Leu, Trp,
Tyr, or Arg; and c9 is cfifabsent or an aliphatic hydrophobic amino acid residue;

¢* is a hydrophobic amino acid residue; and

5 Fdisa polar hydrophilic amino acid residue.

76.  The antibody or fragment according to Claim 75 wherein:
al, a3, a4, and a’ are Arg, Ser, Gln, and Ser, respectively;
a’is Ala;
10 a’ is Gly or Ser;
a® is Ser or Ile;
a’ is absent, Ser, or Gly;
a'0 is Ala, Tyr, Trp or Phe;
b! is Asp, Gly, Ala, or Val;
15 b? and b® are Ala and Ser, respectively;
b is Ser or Asn;
b® is Leu or Arg;
% is Glu, Ala, or Gln;
b’ is Ser or Thr;
20 ¢! and c* are Gln;
¢? is Phe, Tyr, Arg, or Ala;
¢t is Asn, Gly, or Ser;
¢’ is Ser or Asn;

¢®is Tyr, Ser, Tip, or Phe;
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77. The anti body or fragnment according to Claim?75 wherein: 5 a', a2, a3,
a4, and a7 are Arg, Ala, Ser, dn, and Ser, respectively; a5 is Ay or Ser;
as is Ser or Ile; a9 is absent, Ser, or Gy; a7pis Ala or Tyr; 10 b' is
Asp or Ay, b2 and b3 are Ala and Set, respectively; b4 is Ser or Asn; b5
is Len orArg; b6 is Qu, Ala, or Gn; 15 b7 is Ser or Thr, ¢' and c2 are
@n; c3is Phe, Tyr, Aig, or Ala; c¢c4 is Asn, Ay, or Ser; c5 is Ser or Asn;
20 ¢c6 is Tyr, Ser, Trp, or Pbe; <c7 is absent, Pro, or Hs; co is Len, Trp,
Tyr, or Arg; and c9 is Thr. 78. The anti body of claim 74, wherein: 120 a)
the light chain CDRI has -;asnabgégtri%%gms,sequence as set forth in SEQ ID NO

24, the light chain CDRY” RS ar ami no Aci d sequence as set forth in SEQID

NO 20, and the light chai, n_.amno acid sequence as set forth
in SEQID NO 16; 5 b) t elp{“l ghp’gﬂg?ﬁg@bﬂq& has an am no aci d sequence as
set forth in SEQ 1D NO ¢95+ the |light chain CDR2 has an am no acid sequence
as set forth in SEQIDCN(lf 6, and the light chain COR 3 has an am no acid

sequence  asqpet HOrlndd) oPrapenk addStding'th Claim 75 wherein:
5 a!, a%, a’, a* and a’ are Arg, Ala, Ser, Gln, and Ser, respectively;

a’ is Gly or Ser;
a®is Ser or Ilg;
a’ is absent, Ser, or Gly;
a'’ is Ala or Tyr;

10 b' is Asp or Gly;
b? and b? are Ala and Ser, respectively;
b* is Ser or Asn;
b’ is Leu or Arg;
b® is Glu, Ala, or Gln;

15 b’ is Ser or Thr;
¢! and c? are Gln;
¢’ is Phe, Tyr, Arg, or Ala;
ctis Asn, Gly, or Ser;
¢’ is Ser or Asn;

20 c®is Tyr, Ser, Trp, or Phe;
¢’ is absent, Pro, or His;
¢® is Leu, Trp, Tyr, or Arg; and
¢’ is Thr.

78.  The antibody of claim 74, wherein: -
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c) the light chain CDRI has an am no acid sequence as set forth in SEQ 10

I D NO 101, the light chain CDR2 has an am no acid sequence as set forth in
SEQ ID NO 102, and the light chain CDR 3 has an ami no acid sequence as set
forth in SEQID NGO 103; d) the light chain CDRI has an am no acid sequence
as set forth in SEQ ID NGO 107, the light chain CDR2 has an am no acid
sequence as set forth 15 in SEQID NO 108, and the light chain CDR 3 has
an amino acid sequence as set forth in SEQ 1D NO 109; e) the light chain
CDRI has an ami no acid sequence as set forth in SEQ ID NO 113, the |ight

the 1 ght - chai n_COR ™ te8ehk fhal BHRT38r B 6o o6l refleaceies SEORIROFA n S0 | D

NO 115; f) the IIghDNbamﬂm@ﬂam:aﬁl@nmmmndaaeammaasa&"&mforth in

SEQID NO 119, the ht chain as. an _am no aci d seqguence as set
%éﬂa hshte

forth in SEQID NO“@E IDING: 4 hain fDEsRhes o g KReausneRi d
sequence as set foraggctlf&ﬂﬁﬁ@ 1]621 25 g) the light chain CDRI has an
amno aci d sequence as set forth in SEQ ID NO 122, the light chain CDR2
has an gmino acid s 2 R

3 W it ﬁmﬁgg %Qnafnmo%%faféeg,%@ asl B forf i %@124 1

chain CDR 3 has an amno acid uence as set n SEQ I D
h) the light chain GDRIOhSS thelighhthain GORY havapamioe acid sepuence@s 54t foth SEQ 1 D

o0 15N 526, 9ot o R 15K S dodifle AR ARAER PRANSIEARCGA LN LN

SEQ ID NO 126, and S an am no ac quence as set
forth in SEQ 11) NOasi&ZortlbiniSEQ WENOi ¢ht chain CDRI has an anino acid

sequence as set forth in SEQID NO 128, the |ight chain CDR2 has an am no
aci d sequence as setc)ftor light clnin SBR11Has hiOamikid Bcidosequenhe ad sed) lfirthcdha8BQ CDR 3 has

an am acid seque as..set . forth i | D NO 0; or j) the light
chain E&Rl has an aﬁﬁﬁgogiqld&géﬁﬁé’h%ci)ﬁggf 2 gring af Sgﬂ*:’@”lélgs séi et
in SEQ ID NO: 102, and the light chain CDR 3 has an amino acid
sequence as set forth in SEQ ID NO: 103;

d) the light chain CDR1 has an amino acid sequence as set forth in SEQ
1D NO: 107, the light chain CDR2 has an amino acid sequence as set forth

15 in SEQ ID NO: 108, and the light chain CDR 3 has an amino acid
sequence as set forth in SEQ ID NO: 109;

e} the light chain CDR1 has an amino acid sequence as set forth in SEQ

ID NO: 113, the light chain CDR2 has an amino acid sequence as set forth

in SEQ ID NO: 114, and the light chain CDR 3 has an amino acid
20 sequence as set forth imn SEQ ID NO: 115;

f) the light chain CDR1 has an amino acid sequence as set forth in SEQ 1D
NO: 119, the light chain CDR2 has an amino acid sequence as set forth in
SEQ ID NO: 120, and the light chain CDR 3 has an amino acid sequence
ag set forth in SEQ ID NO: 121;

25 g) the light chain CDR1 has an amino acid sequence as set forth in SEQ
ID NO: 122, the light chain CDR2 has an amine acid sequence as set forth
in SEQ ID NO: 123, and the light chain CDR 3 has an amino acid
sequence as set forth in SEQ ID NO: 124;
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10 NO 132, the light chain CDR2 has an am no acid sequence as set forth in
SEQ ID NO 133, and the light chain CDR 3 has an am no acid sequence as set
forth in SEQID NGO 134. 79. A polynucl eotide encoding the anti body or
fragment according to any of Cains 69-78. 15 80. An expression vector
conprising the polynucleotide of aim79. 81. A host cell conprising the
expression vector of Claim@80. 82. The host cell according to Caim81
wherein the cell is a eukaryotic cell. 83. The host cell according to Caim
82 wherein the cell is a CHO cell. 84. A nedicanent for treating a painful

di sorder or conditi assQciate i,th 20 increased expression NGF or

i ncreased sensiti Vi ?@ "FZI‘%%&E?"“% ﬁ:g\glre}ﬁf &% AR 2NOTRTTEY si%ﬁﬁ%&&uti cally
ef fective armount of Ib NGri25) the fight@hdih OD®R2 Has an afinb &oid RejueskieGd kit Yorfinct i onal
i mmunogl obul i n fragnent. t hereof r .pharmaceutically acceptable salts of

t he nonocl onal anti %%Qﬁgtlﬁﬁ' F?é)tgar?ﬁn?‘? 1‘%@?"@ ‘ré?%spai%dh%ﬂ’@ﬁaqmdanti body

is at least one of gaqudndBus Qs foMipdn SBC IPQAY1%9 of Caiml, and a

pharmaceutically acceptable carrier, diluent or excipient. 85. The

medi cangnt of cl ai miBde iykiehah CORAI s BPARRL 30 keBideRO W FHAIRISERED 2) 2
heavy chain having a_heavy chain varjable region conprising an amno acid
sequence as set for t¥0:128ghelight chein CIR2 hes am pmivaaridsaqusnertisset forth im 122

| munol ogi cal | y funegconsio; TIAA8 RN thalol QORSMas bl GfidfactiMadbnbd o1

chain having a light chain variable region conprising an amno'acld sequence
as set forth in SEQas Betidth ihBEQID M@: ¥ érgen- bi ndi ng or an i mmnol ogi cal |y
functional i mmnoglobulin fragment thereof; 5 b) a heavy chain having a
heavy chai n vari abl ¢ theljgltrchaio iR 1diamen amina etid ecquemicds sa derénia SEQsIDset forth

in SEQ,1 NO 14, or , ant | - bi ndi r an_ i nmunol oqgi cal | ctional
i mmunodPobul i n fragﬁ'tﬁ?htégglg}ft,&gﬂ%q?aﬁﬁ?am:nﬂglc sﬁ%‘&f‘?‘?g”ﬁgﬁ ﬁfﬂgﬁtﬂ chai n
vari abl e region comSBEINY0AN3E i thedizhCIRRATUBR Gehas a6 am@io defd defuehée SEQ | D

NO 16, or an antigen-bi ndin r i nologically 10 functional
i munogl obul i n fragﬁéﬁ?tf‘f"ﬂ’e‘r“%g&maﬁo- {ETJ

79. A polynucleotide encoding the antibody or fragment according to any of
Claims 69-78.

15 80.  An expression vector comprising the polynucleotide of Claim 79.
81.  Ahost cell comprising the expression vector of Claim 80.
82.  The host cell according to Claim 81 wherein the cell is a eukaryotic cell.
83.  The host cell according to Claim 82 wherein the cell is a CHO cell.

84. A medicament for treating a painful disorder or condition associated with

20 increased expression of NGF or increased sensitivity to NGF, the medicament
comprising a pharmaceutically effective amount of a monoclonal antibody or

an immunologically functional immunoglobulin fragment thereof, or
pharmaceutically acceptable salts of the monoclonal antibody or the fragment,

wherein said monoclonal antibody is at least one of said monoclonal antibody

25 of Claim 1, and a pharmaceutically acceptable carrier, diluent or excipient.
85.  The medicament of claim 84, wherein said monoclonal antibody comprises:

a) a heavy chain having a heavy chain variable region comprising an amino

acid sequence as set forth in SEQ ID NO: 10, or an antigen-binding or an
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c) a heavy chain having a heavy chain variable region conprising an am no
aci d sequence as set forth in SEQID NO 18, or an antigen-binding or an

i mmunol ogi cal |y functional inmmunogl obulin fragnent thereof, and a |ight
chain having a light chain variable region conprising an am no aci d sequence
15 as set forth in SEQID NO 16, or an antigen-binding or an

I mmunol ogi cally functional imunogl obulin fragnment thereof; or d) a heavy
chai n having a heavy chain variable region conprising an anino acid
sequence as set forth in SEQ ID NO 20, or an antigen-binding or an

i munol ogi cal 'y fynetds b TR | % » arei I ght 20
chain having a light chai nl%’/arl agiﬂé%él?ag%&i%ﬂm” S|e%gﬁge§é%§mmﬂogggllﬂd sequence
as set forth in SH@MEBViNga light chein waniabln régimmreobiprising gn amirarecidsaqueoteogi cal | y

functional innmunogl L i n ; cthereof . . - A.nedi canent for freating a
pai nful di sorder %rs(%g%éﬁthil?i%g% C}lgtoégg\ﬁﬁﬁ%g'bfn@énrge‘gsa@d%?@%ﬂ n of NOF
or increased sensfunttitnalininombglobulinfengnestithasdnt 25 conprising a
pharmaceutically effective anount of a nonocl onal antibody or an

i munol ®gi cal |y fuvnethesryadbain gl iebu)} dhainf vasighte gidnen8Riing @8 MideSi Ng  an
am no acid sequence,that has at olﬁgast E?g]‘ﬁ&%gﬁence identitygt,o t he am no
acid sequence set a‘?‘{‘)ﬁqﬂeﬁcﬁ aééaf NS . .4aH‘T AR 2aigen-tandingeercan 1 hat has
at | east 90% sequpfisholdpfsally tiindiend] BmAmbAebulal FaghREH BRE&LAMISEighor th in
SEQ 30 1D NGO 12, and a pharmaceutical |y acceptable carrier, dildent or

exci pi ent. 123 gsfhainiiEingadishhehsin vasible region @EIPTRRG pR ARINSAcd sagneoes onal

anti body di ssoci ajes;: f karﬁ . I 1%9- k L th.a | ; out 1 Xx
10'9 or less and neut%ﬁ??gs ungh%ﬁégegi% tfb{llrlﬂlt‘é‘rl |naga1ﬁ]§r1$ugﬁgg1}adﬂ}ijn vitro
assay Wth an | Cobmngionakipsumoglokulin(fra@mihicheréass. 5 88. The nedi canent of

claim 86, wherein the antibody di ssociates froma human NG- pol ypepti de
with a KD of about) 2 hgavichaid hevingassagnchaincwariatde region dumpeising EEmicoact i vity

' dard i I: | . 10- I . .
The- med cament  of 469 BRNERE L iRp SHPth Mo 3 e el Grime huan

immunologically functional immunoglobulin fragment thereof, and a light

chain having a light chain variable region comprising an amino acid sequence
15 as set forth in SEQ ID NO: 16, or an antigen-binding or an immunologically
functional immunoglobulin fragment thereof; or

d) a heavy chain having a heavy chain variable region comprising an amino
acid sequence as set forth in SEQ ID NO: 20, or an antigen-binding or an
immunologically functional immunoglobulin fragment thereof, and a light

20 chain having a light chain variable region comprising an amino acid sequence
as set forth in SEQ ID NO: 16, or an antigen-binding or an immunologically
functional immunoglobulin fragment thereof.

86. A medicament for treating a painful disorder or condition associated with
increased expression of NGF or increased sensitivity to NGF, the medicament
25 comprising a pharmaceutically effective amount of a moneclonal antibody or
an immunologically functional immunoglobulin fragment thereof, comprising
an amino acid sequence that has at least 80% sequence identity to the amino
acid sequence set forth in SEQ ID NO: 10 or an amino acid sequence that has
at least 90% sequence identity to the amino acid sequence as set forth in SEQ
30 ID NO: 12, and a pharmaceutically acceptable carrier, diluent or excipient.
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10 NGF pol ypeptide with a Ku of about 1 x 10-11 or less and neutralizes
human NGF bioactivity in a standard in vitro assay with an | C50 of about
0.2 x 109 M or less. 90. A use of a pharmaceutically effective anmount of
the antibody of claiml for the manufacture of a nedicanment suitable for
treating a painful disorder or 15 condition associated with increased
expression of NGF or increased sensitivity to NG-. 91. The use of claim 90,
wherein said nonocl onal antibody dissociates froma hunman NG- pol ypeptide
with a KD of about | x 10-9 or less and neutralizes human NGF bioactivity
in a standarqg.,in witro.a i i h | £50. of..about, 1 .x .20, 10'8 M or |ess.
92. The use %IJ cl ﬁ’?ﬁr@ﬁ’}'c Erg\/\%ro \g:c%“f'%g’ gﬁ%?‘ﬂc?ﬁ\? rgqngglggqlaapgéoc}yrcgﬁogatﬁ%mn NGF
pol ypeptide with @omCGDhadham DGR pdlypepli@e %thar Khesfsabaidl neldt at istesndunan NGF
bi oactivity in a stangar i n K]thmg assay. vvith%q%E_ICSO of abput 1 x 10-9 M or
| ess. 93. The uselGHTadFaHmE! QaSH RS SR B A AsEL ¥R K pEm a hunan
NG- 25 pol ypepti gy khod kR 1efs. about | x 10-11 or less and neutralizes
human NG- bioactivity in a standard in vitro assay with an | C50 of about
0.2 x 194 M o3, | G456 me@amehd 61 Hlfiitn 96, wHerth I8 ZntiboliP GRER AR PR inlihad di sor der
or condition is selected fromthe group consisting the condition is acute
pai n, dental pai nNGFapahypeptise witlpa Korofahent 1sutQyi @alespanchneutyalizes bumen t i ng fr om
anput ation of abs gRAfyiokRYRAY dandaiANY Al A Wit M REAS Dol T X 967V

neural gi a, cancer, chronic al coholi1sm "stroke, thal'damc paln Syndrone,

di abet es, acqui r edrlessmune deficiency syndrone ("AIDS'), toxins,

chenot her apy, general headache, mgraine, 5 cluster headache, m xed-vascul ar
or non-vascul& s{hdmedesnent efielzion8s, vderticthe antifodyp dissociatds| feomra bivam

arthritgs, rheumatjs dise S, ..l URUS osteoartihritis,  fibr al gi a,

i nfl amat ory bowew(%:i %o&fp aé(ge,wﬁﬂ?’?%a%ag"%c}vﬁ s?fl?ueﬁ? ghde'}elﬁg‘ﬁ%r%ﬁ“r" Pbry eye
di sorders, i nfl| anN@Rbiyactvityinstsenisd b Gttd assay eHth eni Hep 6f atpand.2 a308M ski n
conplaints with i r&“esasmmtory conmponent s, sunburn,

90. A use of a pharmaceutically effective amount of the antibody of claim 1 for

the manufacture of a medicament suitable for treating a painful disorder or

15 condition associated with increased expression of NGF or increased
sensitivity to NGF.

91.  The use of claim 90, wherein said monoclonal antibody dissociates from a
human NGF polypeptide with a Kp of about 1 x 10® or less and neutralizes
human NGF bioactivity in a standard in vifro assay with an ICsq of about 1 x
20 10% M or less.

92.  The use of claim 90, wherein the antibody dissociates from a human NGF
polypeptide with a Kp of about 1 x 10 or less and neutralizes human NGF
bioactivity in a standard in vitro assay with an ICsg of about 1 x 10® M or less.

93.  The use of claim 90, wherein the antibody dissociates from a human NGF
25 polypeptide with a Kp of about 1 x 10! or less and neutralizes human NGF
bioactivity in a standard in vitro assay with an ICs of about 0.2 x 10° M or

less.

94,  The use of claim 93, wherein said painful disorder or condition is selected
from the group consisting the condition is acute pain, dental pain, pain from
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10 carditis, dermatitis, nyositis, neuritis, collagen vascul ar di seases,
chronic inflammtory conditions, inflammtory pain and associ at ed
hyper al gesi a and all odyni a, neuropathic pain and associ ated hyperal gesia or
al | odyni a, diabetic neuropathy pain, causal gia, synpathetically mintained
pai n, deafferentation syndrones, asthma, epithelial tissue danage or
dysfunction, herpes sinplex, 15 disturbances of visceral notility at
respiratory, genitourinary, gastrointestinal or vascular regi ons, wounds,
buns, allergic skin reactions, pruritis, vitiligo, general gastrointestinal
di sorders, colitigum@askgitd pd C%Eiﬁtrbéﬁﬂingcﬂm%ﬁﬁtaﬁﬂrﬁéf ﬁ)scesy,acif?ﬁf%ﬂr or
allergic rhinitis, or bronchial disorders, dysnenorrhoea, dyspepsia,

gast r oesophageal dempslineting slisepsest trigeminab mewrplgise cancgt, achromc gdcohglisni, sol at ed
human ant i body t gl D gk [ oitdole, | Qullids, HORLAT okl GBRLLROTY
conprises: (a) a heavy chal n having a.%eavy chal h vari abl e region’ conprising
an amno acid seyubome HAIRY, faxidsh chem@BhQapyhD $Oeral headnecheg nmamdingen- bi ndi ng

or an J mmunol ogi ¢ally, functional ,i nogl obul i n _fragnent thereof, and a

li ght 55 chain h&?HSL% geﬂil‘i?cg’ﬁ’t %ﬁg‘?'ﬁa%?’i B OV EHCHR %&H@?P’ﬁ’né"ﬂéwham no acid
sequence as set Headathe, | gefsbD likdlaNhatiSh), aMhrif) alduh@a- Biseded)0lhs, an

I mmunol ogically func i,qnali i rrmélnpgl,o ulin fragrrfgt t hereof; (Sj@ a heavy
chain having a hé&4 P IREQFY: ae“#@ﬁ?’@@’%ch?ﬁ’re Jsprgensn imgiabifo Lol g

sequence as set fyQpdrbmé NindEiratd e @sordefs %Hﬁﬁﬁdt&?nmbhﬁﬂbﬁwbﬁﬁdé”_ 30
I munol ogi cal |y functional i nmunoglobulin fragnent hereof, and a light 125

chai n having a | idserdess, psosiagigyskinsiompleingt with ndapmatorneprapengrts, sented.d sequence
as setyforth in I mﬁP@Z s s AL Ofk: [ | ogically
functi 1od‘nal i munogl o sﬁ:alen r’a_lgljcl Q%ttl@t eg[?%%]g;;%ﬂ?% a %g%v‘g/lsc 2l nméglgl ng a
_hea\é;éqclh%i &ovagiga;bﬂmmﬁgiya?_némnm urélgmglaawammud asﬁb@i?tséfé}ma]n]dw;asmdtset f;)rth
in . : an_ant i gen-hi nga.Q | nQ cally.. i ona

i mmunogl obul i n fraéléé%’#’f n?‘ﬁg?ag}(])l? p 9‘3%8‘5 3%})?1591%:?{:]381?%“& é’\glgirll%da%nar ‘lhaﬁ{ﬁ%chai n

vari abl e regi on meorpathy paig, eausagin ynpathetically vaintaneispasie tdedffarértation SEQ | D

NO 84, or an antigen-binding or, .an.i nol ogi cal fungcti onal
i munogl obul i n f r%%@'ﬂ‘?s’t" g’o 1thg}}a? hss%amagegor d%si!uchon, erpes simplex,

15 disturbances of visceral motility at respiratory, genitourinary, gastrointestinal

or vascular regions, wounds, burns, allergic skin reactions, pruritis, vitiligo,
general gastrointestinal disorders, colitis, gastric ulceration, duodenal ulcers,
vasomotor or allergic rhinitis, or bronchial disorders, dysmenorrhoea,

dyspepsia, gastroesophageal reflux, pancreatitis, or visceralgia.

20 95.  An isolated human antibody that binds specifically to NGF, wherein the

antibody comprises:

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

25 chain having a light chain variable region comprising an amino acid sequence
as set forth in SEQ ID NO: 80, or an antigen-binding or an immunelogically
functional immunoglobulin fragment thereof;

(b) 2 heavy chain having a heavy chain variable Tegion comprising an amino
acid sequence as set forth in SEQ ID NO: 81, or an antigen-binding or an
30 immunologically functional immunoglobulin fragment thereof, and a light
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(d) a heavy chain having a heavy chain variable region conprising an am no
acid sequence as set forth in SEQ ID NO 86, or an antigen-binding or an
i mrunol ogi cal ly functional inmunogl obulin fragnent thereof, and a |ight
chain having a light chain variable region conprising an amno acid
sequence as set forth in SEQ ID NO 87, or an antigen-binding or an

i munol ogi cal ly functional inmunogl obuhn fragnment thereof. 96. An isol ated

hunman aa{ahbm}(ng &aghttzhmsVaﬁﬁﬂ@lré SR dipriging &1 MRind 2RI Rqhiéiel Q8 sdt6#h in Wherein
t he anti bod HEFISES a_heavy chain variable region, said heavy chain

var i abI SEQ Frpn ABliges-lWming osmGmmungpgioa)y, fugoional smounezleklinig) . and

) of SEQ ID NO 10, and a light chain variable region,
sai d I |§%m%§?%e(€;gri abl e region conprising CDRI (SEQ ID NO 24), CDR2 (SEQ

I D NO @9} hearycthalaHivingEhdably ki 18nialé repieiad ddmpkiting #h/amihb acidNeiRdy aof

claim 96, wherein the heavy chain conprises a heavy chain variable region
conpri s$ﬂrﬁ§)r$EQSE§Z NONQ:E3, anen aniigenibiking oraand egealyfungtignel chai n

vari abl eqi A at ed. n anti bod
that bi mﬂ’&i Qhuin dthgs B B %’15 138 s b g‘?g?@)"?‘a‘“ V(?Fr&)?‘ilé Y (a) human
heavy cluthptising2dreiRink atRiGcGikhce as b iBih MESBY ID NDMB4CHRAn AftEbleAbindi i sing
SEQ I D NO 22 a human heavy chain CDR2 regi on conprising QID 18,

and a humamuedegicallyzuncte 1mrégmglaolnkhnﬁragmength |qp NO 14; and 126 (b)
human I{ ht chai,n. fyr amewo unan | i

conpr i s\dh4 &R ig RSV R rinGa R hrom e R IR s 10

NG 20, ser'ﬂlf&tlﬁm SE@@N@@H of Brdhniti @?b% iSR0SI y3aitidRaNG 16, 99. An
i sol ated human anti body that binds s ically to nerve growth factor

( NGF) , Wrmumgbbwinér@mmbﬁuspoa@mﬂml tclealmb@wyg 2 hightrchervasisbls rc@gn on

D NO 10.. 100, A body, that \bi
Coaet £ 1 RSHterER A b i hiene s b SRR SETBNGTR, BP8Y abfRh BB i ses o
light chinimirdlb@bAlB, fuRelicHal FRNBAGAORGinIE@nlchy Nekebf2, 101. An isol ated human
anti body that binds specifically to nerve growth factor (NG-), wherein the

anti body conprises a light chain conprising SEQ ID NO 44. 102. An isol ated
e, e B HE rke D Lt KRS et 1
the antibody comprises a heavy chain variable region, said heavy chain variable region
comprising CDR1 (SEQ ID NO: 22), CDR2 (SEQ ID NO: 18), and CDR3 (SEQ ID NO: 14) of
SEQ ID NO: 10, and a light chain variable region, said light chain variable region comprising
CDRI1 (SEQ ID NO: 24), CDR2 (SEQ ID NO: 20), and CDR3 (SEQ ID NO: 16) of SEQ ID 12.

97.  The antibody of claim 96, wherein the heavy chain comprises a heavy chain variable
region comprising SEQ ID NO: 10, and the light chain comprises a light chain variable region
comprising SEQ ID NO: 12.

98.  An isolated human antibody that binds specifically to nerve growth factor (NGF),

comprising:

{(a) human heavy chain framework regions, a human heavy chain CDRI1 region
comprising SEQ ID NO: 22, a human heavy chain CDR2 region comprising SEQ ID
NO: 18, and a human heavy chain CDR3 region comprising SEQ ID NO:14; and
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103. An isol ated human anti body that binds specifically to nerve growh
factor (NGF), wherein the antibody conprises a light chain conprising SEQ
| D NO 44 and a heavy chain conprising SEQ ID NO 40. 104. The anti body of
any of clains 96-103, wherein the antibody dissociates froma human NGF
pol ypeptide with a KD of about 1 x 10-9 or l|less and neutralizes human NG
bi oactivity in a standard in vitro assay wwth an 1C0 of about 1 x 10-8 M

or |ess. éﬁ)ﬁlmﬁﬁqig?}ﬂtchmcblar@éw&wegtmﬁ!aqi.ﬁﬁm@@g&%amwbsmire%ihﬂ%oéz?ﬁkiagdy
di ssociates froma human NG- pol ypeptide with a KD of about 1 x 100 or I|ess
and neut r al i SEQ IRdv@n2d@rhunasdaht vhaiy CDR 2regomanodurigingSEQ IPNQs2hypndit h an

| C50 of about 1 x.10-9.M ess, 127 .106. Lpbody of any of clains

96- 103, mheﬂﬁnwnt)ﬁfé'?ﬁ 3(‘?6385(}{3/3 %k"é‘o"é’F&’{‘éE‘gfﬁE@ﬁﬁﬂm@n NGF pol ypeptide with
a KD of about 1 x 10-11 or |ess and neutralizes human NGF bioactivity in a
standard in vitro assay with an I C50 of about 0.2 x 10-9 Mor less. 107. The
anti body of any of clains 96-103, wherein the antibody conprises a heavy

chai A%.andAndsalatad humag kntilkadai that bindsrspeeilically toingve growifagion (NGE ). hwelzerginchai n

are gonnected by a flexible linker., to forma.si = i, anti body. 108.
The TRUPRGG starfal n RS i Al rifioh RiFAuRe PO B Y oa,. 100, “The
anti body of any of clains 96-103, which is a Fab anti body. 110. The

anti body of any of clains 96-103, which is a Fab' antibody. 111. The
anti body of any of clains 96-103, which is a (Fab')2 antibody. 112. The

ant i Bo@ly ém ispigted hupianiangbaly-thgdindsrspeeiinallye neme dgrowyh faston (INGE)ywinretnn
tihody,.. 113. Th t i body of. f clainms 96 inth ti bod
"o B Atikedy impris ADEhGh Hrighibreon SoRbERng SEOIL MER Compr i i ng &

pharmaceutically acceptable carrier and a therapeutically effective anount

of the antibody of any of clains 96-113. 115. The pharnaceutical conposition
of claim 114, wherein the heavy chain and |ight chain of the antibody are

conndBt.ed Amjiselated humpn antibedydhat kindsgipgeificallyng nervergrowtinfectas dN(F ). 1olerainG.  The
h i cal f clai i,n th ti body i i ngl
ohet SRR LB RS R b nd bl iagyn e anci pody 1 o ol e

wherein the antibody is a Fab' anti body.

102.  An isolated human antibody that binds specifically to nerve growth factor (NGF), wherein
the antibody comprises a heavy chain comprising SEQ ID NO:40.

103.  Anisolated human antibody that binds specifically to nerve growth factor (NGF), wherein
the antibody comprises a light chain comprising SEQ ID NO:44 and a heavy chain comprising
SEQ ID NO:40.

104. The antibody of any of claims 96-103, wherein the antibody dissociates from a human
NGF polypeptide with a Kp of about 1 x 10® or less and neutralizes human NGF bioactivity in a

standard in vitro assay with an ICsg of about 1 x 10 M or less.

105. The antibody of any of claims 96-103, wherein the antibody dissociates from a human
NGF polypeptide with a Kp of about 1 x 10" or less and neutralizes human NGF bioactivity in a

standard in vifro assay with an ICsg of about 1 x 10 M or less.
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118. The pharnmaceutical conposition of claim 114, wherein the antibody is a
(Fab')2 antibody. 119. The pharmaceutical conposition of claim 114, wherein
the antibody is fully human. 120. The pharmaceutical conposition of claim
114, wherein the antibody inhibits NG signaling. 121. An isolated nucleic
acid nol ecul e conprising a nucl eotide sequence of (a) SEQID NGO 9; (b) SEQ
ID NO 11; (c) SEQID NO 21, SEQID NGO 17, and SEQ ID NO 13; or (d) SEQ

| D N»6.23ThSERIBIRYNTD andOef @8TnsSER10E) MedreihSthe %tiao%}oﬂm&dt&oabﬂlea hdfkANt
0

thereof, wherein the variant has at |east about 90% nucleic acid sequence
i denNGEypolypeptidawith st Ko of pbas dpt 1 €1y lesh engh oevtealizesbunaroNGE kipsativity in 423, An

i sol gte 1. Lipe copprisi ng. t.he (of oY cihd of claim121. 124. An

i sol % %‘%I?ﬁﬁ'c‘f’g (E:lgsg iwdﬁpno @éﬁ&eab(%%‘rﬂixs ng Ie{’f&?f& eoti de sequence that encodes
an amno acid sequence of: (a) SEQID NO 10; (b) SEQID NO 12; 129 (c)
SEQ ID NO 22, SEQID NG 18, and SEQID NO 14; (d) SEQID NO 24, SEQ ID

NO. 20, and SE%IDNQ 16; (e) SEQID NO 40; (f) SEQID NO 41; (g) SEQ
| D NEP7.427The antibodEof ppy ROElaims 961 03, wheraipthe mtihody samprises, a leawy shain and

comp? HERRT e Endlncl Befin 35 e T i teavy han 8 {BRAPERy Alevitt e

ol eeufofm tahdisletlens esitbdNG- speci fic binding agent, wherein the specific
bi ndi ng agent conprises at | east one anmi no acid sequence selected from (a)
SEQ I D NO 10;

108.  The antibody of claim 107, which is a single-chain Fv antibody.

109.  The antibody of any of claims 96-103, which is a Fab antibody.

110.  The antibody of any of claims 96-103, which is a Fab’ antibody.

111.  The antibody of any of claims 96-103, which is a (Fab’); antibody.

112.  The antibody of any of claims 96-103, wherein the antibody is a fully human antibody.
113.  The antibody of any of claims 96-103, wherein the antibody inhibits NGF signaling.

114. A pharmaceutical composition comprising a pharmaceutically acceptable carrier and a

therapeutically effective amount of the antibody of any of claims 96-113.

115. The pharmaceutical composition of claim 114, wherein the heavy chain and light chain of

the antibody are connected by a flexible linker to form a single chain antibody.
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(b) SEQID NO 12; (c) SEQID NO 14, SEQID NGO 16, and SEQ ID NO 18; (d)
SEQ ID NO 20, SEQID NG 22, and SEQ ID NO 24; (e) SEQID NO 40; (f) SEQ
ID NO 41; (g) SEQID NGO 42; (h) SEQID NO 43; or (i) SEQID NO 44; or
an antigen-binding fragnent thereof, wherein the antigen-binding fragnent

can bind to NG-. 128. The isolated nucleic acid nolecule of claim 127,
wherein the nucleic acid nolecule encodes a specific binding agent that is

a pret@i NThe Qara;ﬁaeuﬁaamﬁﬁp&ﬁldnl SR $19)8vHehEn HROhBIRdy 7§ lshigfe PO

claim127. 130. An isolated cell line conprising the isolated nucleic acid

of chmibedy27. 131. The isolated nucleic acid nolecule of claim 127, wherein
the nucleic acid nolecule encodes a specific binding agent that is an
anti body. 132. The isolated nucleic acid nolecule of claim131, wherein the

nucl @i athéphmimacdttital @nGRE@NIN Rt I PAVheraAMd Hitihddy (s2) FabEedtedNO  10;
(b) SEQID NO 12; (c) SEQID NO 14, SEQID NGO 16, and SEQ ID NG 18; (d)

SEQ ID NO 20, SEQID NGO 22, and SEQ ID NO 24; (e) SEQID NO 40; (1) SEQ

o vai Tt TonBBRCRs s RmoREion of PR Tonihe bt e ind AR0 R i o

substitution, insertion, or deletion. 133. A host cell conprising the
nucleic acid of claim132. ) )
119. The pharmaceutical composition of claim 114, wherein the antibody is fully human.

120. The pharmaceutical composition of claim 114, wherein the antibody inhibits NGF

signaling.

121.  Anisolated nucleic acid molecule comprising a nucleotide sequence of
(a) SEQ ID NO: 9;
(b) SEQIDNO:11;
(¢) SEQIDNO:21,SEQ ID NO: 17, and SEQ ID NO: 13; or
(d) SEQIDNO: 23, SEQ ID NO: 19, and SEQ ID NO: 15;

or a polynucleotide variant thereof, wherein the variant has at least about 90% nucleic acid

sequence identity.
122. A host cell comprising the nucleic acid of claim 121.
123.  Anisolated cell line comprising the nucleic acid of claim 121.

124. An isolated nucleic acid molecule comprising a nucleotide sequence that encodes an

amino acid sequence of:
(@ SEQIDNO: 10;

(b)  SEQIDNO: 12;
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134. An isolated cell line conprising the nucleic acid of claim132.

(c)
(d)
(€)
69
(8)
(h)
(i)

SEQ ID NO: 22, SEQ ID NO: 18, and SEQ ID NO: 14;
SEQ ID NO: 24, SEQ ID NO: 20, and SEQ ID NO: 16;
SEQ ID NO: 40;

SEQ ID NO: 41;

SEQ ID NO: 42;

SEQ ID NO: 43; or

SEQ ID NO: 44,

125. A host cell comprising the nucleic acid of claim 124.

126.  An isolated cell line comprising the nucleic acid of claim 124,

127.  Anisolated nucleic acid molecule that encodes a NGF specific binding agent, wherein the

specific binding agent comprises at least one amino acid sequence selected from:

(a)
(b)
()
(d)
(¢)
ty)
()
(h)
(i)

or an antigen-binding fragment thereof, wherein the antigen-binding fragment can bind to NGF.

128. The isolated nucleic acid molecule of claim 127, wherein the nucleic acid molecule

SEQ ID NO: 10;

SEQ ID NO: 12;

SEQ ID NO: 14, SEQ ID NO: 16, and SEQ ID NO: 18;
SEQ ID NO: 20, SEQ ID NO: 22, and SEQ ID NO: 24;
SEQ ID NO: 40;

SEQ ID NO: 41;

SEQ ID NO: 42;

SEQ ID NO: 43; or

SEQ ID NO: 44;

encodes a specific binding agent that is a protein.

130
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129. A host cell comprising the isolated nucleic acid of claim 127.
130.  Anisolated cell line comprising the isolated nucleic acid of claim 127.

131. The isolated nucleic acid molecule of claim 127, wherein the nucleic acid molecule

encodes a specific binding agent that is an antibody.

132. The isolated nucleic acid molecule of claim 131, wherein the nucleic acid molecule

encodes an antibody comprising:

(a) SEQ ID NO: 10;

(b) SEQIDNOG: 12;

(¢)  SEQID NO: 14, SEQ ID NO: 16, and SEQ ID NO: 18;
(d) SEQIDNO: 20, SEQ ID NO: 22, and SEQ ID NO: 24;
(¢)  SEQ ID NO: 40;

63) SEQ ID NO: 41;

(g) SEQ ID NO: 42,

(h)y SEQIDNO: 43; or

(i) SEQ ID NO: 44,

or a variant thereof wherein the variant comprises no more than one amino acid substitution,

insertion, or deletion.
133. A host cell comprising the nucleic acid of claim 132.

134.  Anisolated cell line comprising the nucleic acid of claim 132.
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