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| SPECIFIC BINDING MEMBERS FOR NGF INCORPORATION BY
REFERENCE OF MATERIAL SUBMITTED ON A DISKETTE A diskette
copy of the Sequence Listing of Sequences 1 to 537 which is 5 saved as
sequence listing.txt and is 253 KB, and is submitted herewith and is
incorporated by reference herein in its entirety for all purposes. The
present invention relates to sBecific indin mgmbers in 10 particular anti
. SPECTFIC BINDpN ERS, FOR NGF
NGF antibody molecules, especially human antibody molecules, and

especially those that neutralise NGF (Nerve Growth Factor) activity. It

1ncofpiRer relates t@g@@ﬂmf f@wsﬂj?gaamtéLNnggmim?ygmdemlgﬁﬁmE
. diagnosis or treatment of NGF related disorders, including pain ma,. ‘

B 4 e SOy sLhes, T6 Sty Moo, Gy vien is
savediggases ot airvay iflamntatonndiabeticS hethopailty, cardiggni tted herewith
and a¥rhytbstips: EHVa asthritis; psefiasis ansh eaneen t Thedqaresent imvention
gsr(e)\sfi_des antibody molecules of particular value in binding and
neutralising NGF, and thus of use in any of a variety 20 of therapeutic
treatments, as indicated by the experimentation contained herein and
The fudbenbyithessupparting technical literatirec Nenw growtnfacter in
part%ﬁ&a’é@En%?%?”%%@%%‘ya%&%@ﬂéys&%’SQ&‘%&% n,piyotalrale,n .,

e development of the nervous system. n the adult, 25 however, NSF
moleqidgs a Mdte F8BHTCRd Fol& AR itprotfiotés the shé4ith A SGnirarss
Fact@arsubsetioficgntral andypetighensd neuronso (Meaanga& Reichasdty @00M)1 ~NGF
ant NG alseLontubuies iq the fmodulgtion.of the functiogak charactesisics Ofqe v s,

‘ theSe neurons. As part of this latter process, NGF exerts tonic control

inclyibr thesehsifivity G 36 &XEtabilty > bE ROLicEptsis {Ihéstiey £F & 5 2002;

pulm@Bennetf i200%). sTheseqrerphera sreurbnsisense andlizansmitto, thelabetic

neur GEAHHR) NELYOUS » SYsiem Jheyarious;pexious stimulithat wltimately give cancer.
rise to perceptions of pain (nociceptoon). Thus, agents that reduce levels

of NGF may possess utility as analgesic therapeutics.
The present invention provides antibody molecules of particular value

purp

in binding and neutralising NGF, and thus of use in any of a variety
of therapeutic treatments, as indicated by the experimentation

contained herein and further by the supporting technical literature.

Nerve growth factor (B-NGF, commonly known as NGF) plays a well-known
pivotal role in the development of the nervous system. In the adult,
however, NGF plays a more restricted role, where it promotes the
health and survival of a subset of central and peripheral neurons
(Huang & Reichardt, 2001). ©NGF also contributes to the modulation of
the functional characteristics of these neurons. As part of this
latter process, NGF exerts tonic control over the sensitivity, or
excitability, of nociceptors (Priestley et al., 2002; Bennett, 2001).
These peripheral neurons sense and transmit to the central nervous
system the various noxious stimuli that ultimately give rise to
perceptions of pain (nociception). Thus, agents that reduce levels of

NGF may possess utility as analgesic therapeutics.
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2 The societal cost of inadequately treated pain further supports the
potential utility of analgesics based on anti-NGF activity. That is, despite
the existence and widespread use of numerous pain medications, 5 a
clear need exists for new analgesics2Pain is one of the most common
symptoms for which medical assistance is sought and is the primary
complaint of half of all patients visiting a physician. The high cost of pain
to society is well documented. In the U.S_, for example, chronic pain
The gfffictd sonve 34 millionafawridany, Paratedesalis i GOtmilliopawpekday s he
poted@steach yepry Directmedical costs satiributed:ta bagk pain; arthyitic palg: is,
aesp TS Migraine amount 10 $40 bilion annually slone, The total prescription,
P pain medication market is approgqma ely $15 billion per yegr (1I5’Ieuvey & ’
a clesupeyy B AECthese stistRihgsly assubstahtial persentafetbepainst
comm&tlffeprrs Jall tegecgive rdeguate paipseliehAs aiconseguencadalarge.e
pxn I B RIS I e e cporeln oo o, e
méchanfsms of action leuvry P?euvefls. 2071 erapgutlc ICélgfénts that
high rggiEethertissuefevits bt inhibit tid leffeciasisetteted NGFehAveE the for
examppientaktnbe just sueki fovel sapalgesies mSubecutaneeus njestionsLHin
resulNGFitself pIodyse pain In oymans and.apimals, Thus, iniected NGE 1 costs
causes a rapid thermal JFlyperalgesuat, followed %y delayed thermal
ALLr YRR dIgesia it RiechamiEal o5 o diia (PEty SE4F 219642 MR thGP et 40
billabn 2000)a Engogencusly TsecretedNGfe is-sirpitarby pre-nociegptive i on market
is agissysiiniuryindyced; release of NGE andsits subseguent action in the
periphery plays a major role in the'induction of thermal hyperalgesia
through the process of 'peripheral sensitization' (Mendell & Arvanian,
As tR20§2)sBOtEissuednjurypromotesthe releasepefprosnegiceptiierand proferers
£a11 iRflammatory cytakines. which), inturgg induce the re QENGE figmy e
keratinocytes and fibroblasts. This released NGF acts directly on

medl Gt CSsors W itdtice pairfticoP RO ckidpiive' étates WitlhiR hfndtes of e

mechanisms of action (Pleuvry & Pleuvry).

Therapeutic agents that reduce the tissue levels or inhibit the
effects of secreted NGF have the potential to be just such novel
analgesics. Subcutaneous injections of NGF itself produce pain in
humans and animals. Thus, injected NGF causes a rapid thermal
hyperalgesia, followed by delayed thermal hyperalgesia and mechanical
allodynia (Petty et al., 1994; McArthur et al., 2000). Endogenously
secreted NGF is similarly pro-nociceptive. Tissue-injury~-induced
release of NGF and its subsequent action in the periphery plays a
major role in the induction of thermal hyperalgesia through the
process of ‘peripheral sensitization’ (Mendell & Arvanian, 2002).
Tissue injury promotes the release of pro-nociceptive and pro-
inflammatory cytokines, which, in turn, induce the release of NGF from
keratinocytes and fibroblasts. This released NGF acts directly on
nociceptors to induce painful or nociceptive states within minutes of
the noxious insult. This NGF also acts indirectly to induce and

maintain nociceptive/pain states. It triggers mast cell
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the noxious insult. This NGF also acts indirectly to induce and 35 maintain

nociceptive/pain states. IL triggers mast cell 3 degranulation, releasing

pro-nociceptive agents such as histamine and serotonin and, importantly,

more NGF, and can also stimulate sympathetic nerve terminals to release

pro-nociceptive neurotransmitters, such as noradrenaline (Ma & Woolf,
dearad97). o Tissue levels of NGF are elevated in CFA- and e tam 4

9T Chiragedhan inject8d" animals (Va8 Wooir, 197, Amannh &°sendiigsi e ="

sero2gog). Moreover iherdagedrievelsN6EN G haverbeen eotumentadtin
sympdaatients S%ﬁﬁf@gceffﬁﬁhgl%um@@;&tb&itiﬁKN%%&I&W@iivégg?) or

cystitis (Lowe et 10 al., 1997). In rodents, peripheral nerve injur
neur?ggfaerésséls,% %rséxpsr%%%igﬁ o?éf\féﬁrr%ﬁrl;ﬁlm% rﬁ@%rgphwgﬁég’ f?éuréo 7I%\éts, and

Schwann cells (Heumann et al., 1987). Over-expression of NGF in
T1isslEANSGRNIE Micaicesuits inlenharced neurapathia pain hehavien fallowing=q

. rve jnjury. above f wild-type mice (Ramer 1998). Over hours

A End i%adei{ygoéig\gét?c?é N% vaxfé?/%%s %Ir::lgyccéllur](!):lgLéj ?nlbr?r??%%iﬂg 'c@%ﬁ%?ver’
incregsRitiZatich's the diRaResmencdr NeGBtPATSRisSioR &t Hapsestife thed
f rom NAacieeplive pathwaystwafsthenspinad cosgtleCentral sensitization iresultsriwe et
1., PRSSistent agd.chuanic vperalgesia and alodynip, TS JIOCESS.IScho

thought to involve internalization of complexes o NGFand 20 its high
XD ity reéde Ptor, TRE( tyrd&irre tBEapfot kindSe ) Retfograde trai&pdit 6F 115
(Heurthese €omplexessty nociceptior eelhbodieshinothevdersal roodganglisec mice

resul PRG) poleRtiies ﬁ@ﬁ&eéKmmQ%A%Ptiafe%m&@p?@ﬁ%i@gg nerve injury

° substance P, CGRP), PKC activation, and NlMDA receptor activation in 4
aPoveh ERfdrsaf nBimt Of i8S inaP coRFTSan %t A1 25 5893) - alPBrocdssesit
days prefotetthe sensitization ofithe nocideptive pathwaysgNGEralse blays a
sens @l Nthe,up-regulation and Je-distribytion af voliagesdependent and.ccs in
h Ilgand- %ted ion ggannels,flr%%udlng soglum %hanncel stubt¥pes anqct,he .
e .

%a%%%?ln%%%e%ﬁonwfﬁf 0 e spinal cor entral sensitization
results in persistent and chronic hyperalgesia and allodynia. This
process is thought to involve internalization of complexes of NGF and
its high affinity receptor, trkA (tyrosine receptor kinase A).
Retrograde transport of these complexes to nociceptor cell bodies in
the dorsal root ganglia (DRG) potentiates secretion of nociceptive
neuropeptides (e.g., substance P, CGRP), PKC activation, and NMDA
receptor activation in the dorsal horn of the spinal cord (Sah et al.,
2003) - all processes that promote the sensitization of the
nociceptive pathways. NGF also plays a role in the up-regulation and
re-distribution of voltage-dependent and ligand-gated ion channels,
including sodium channel subtypes and the capsaicin receptor, VRI1
(Mamet et al;, 1989; Fjell et al., 1999; Priestley et al., 2002). The
altered activities and/or expression of transmitters, receptors, and

ion channels underlie the increased sensitivity and excitability of

nociceptors associated with neuropathic pain states.

NGF can also promote the sprouting of sympathetic neurons and the

formation of aberrant innervation of nociceptive neurons. This
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(Mamet et al., 1999; Fjell at al., 1999; Priestley et al., 2002). The 30
altered activities and/or expression of transmitters, receptors, and ion
channels underlie the increased sensitivity and excitability of nociceptors
associated with neuropathic pain states. NGF can also promote the
sprouting of sympathetic neurons and the 35 formation of aberrant

inn rvatio,n 0 OCI eﬁptjcve neuro '|t'h|s 4 |rhnervagon is thoughtt
innerva Bl’l l% O Ccon 1h d mallntenance
contribute fo the induction an mamtenance of chronic n00|cept|ve pain

of clytatels: suehlasryhipatictitatlyahaintained pains Brreomple redivad paki ined
pain SysEreng (Ramexabah 1999) 5 NaFoinsdugedaecicepiion/pabois) .

mediated by the high affinity NGF receptor, trkA (tyrosine receptor kinase

A) (San, et al., 2003). About 40 - 45% of nociceptor cell bodies in DRGs
NGF- gy 68 (ORI TREEECRIEIHE Coll BEGIESIGrtHeY s drPhefet FidbrsY ¥ CE
recefE-dibersctrat (alsmexpeess the secretecthpro-mociceptjvepeplides2003)

Abou§uP<§ta”%%P é@%%@;%@ﬁp ,TESE fiberstermingie.in laminag, | @QQ”OfThese

the dorsal horn, where they transfer to the central nervous system the

are giGhs St Serded by ﬁéﬁﬁﬁeﬁ&l%éép@r@eﬁﬁjta‘%ng dr#&fetions @t
also irthedd wgeneqroduce aphenotypecharactenzadidy,lossofpaine P and
corp SENsALOD both. in humans (Indg, 2002) and in trkA knock-out mige(de 1oy,

Castro et al., 15 1998). Significantly, the expression of trkA is up-regulated
wherg, tﬁ‘ﬁﬁfnél%@&lﬁ%ﬁté‘r& t5k?ﬁ088%t6 irtﬁ‘ﬁﬁ&"(‘fﬁf‘ofzﬁését‘%l 5600y ot tystitid ™1+
sens@dib {Qrao MzzardyRO02Zp orthe inflatanhatory paindateiced Hyimjettory rka

gene Of cOMPlEte RreUNds adjuvant(GRA) oL gartageenan info. the Law{Cha.ebotn
al., 1996) 20 NGF also binds to the p75 neurotrophin receptor The role of

in h‘f‘ﬁl@%‘g]S BdRpt6r i depfBRasnt bR'its EBfkr elvifbiiifeht andthe ° & 21
1998 presénce of i ottrarlreceptorswitrewhich itd§ Belldvedstorptayeanladeassory

anim@ £0sUgsERlIfUNCliiidnteractignhgtvaen the 1t andp75 reeepiors:
25 results in the form% jon of hlgt}(%'fénlty blndI}I;lg site fslfor NGF. The,
zzard

cystitic pain (Qlao & .~ or ammatory pain induced
by injection of complete Freund’s adjuvant (CFA) or carrageenan into

the paw (Cho et al., 1996).

NGF also binds to the p75 neurotrophin receptor. The role of the p75
receptor is dependent on its cellular environment and the presence of
other receptors with which it is believed to play an accessory ©r Cco-
receptor function. Interaction between the trkA and p75 receptors
results in the formation of high affinity binding sites for NGF. The
importance of such receptor interactions in NGF-medlated pain
signalling is not clear, but recent studies have implicated the p75
receptor in cellular processes that may be relevant (Zhang & Nicol,
2004). However, whilst p75 receptor knockout mice display elevated
thresholds to noxious stimuli, they remain responsive to the
hyperalgesic effects of NGF, suggesting that trkA receptors alone are

sufficient to mediate these effects (Bergmann et al., 1998).

The evidence cited above indicates that NGF-mediated processes are

responsible for the induction of acute pain, short-term pain,
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importance of such receptor interactions in NGF-mediated pain signalling

is not clear, but recent studies have implicated the p75 receptor in cellular

processes that may be relevant (Zhang & Nicol, 2004). However, whilst

p75 receptor knockout mice display eJevated 30 thresholds to noxious

stimuli, they remain responsive to the hyperalgesic effects of NGF,

suggesting that trkA receptors alone are sufficient to mediate these .
persigH&ds (BErghtann ot 812 1998) T hecaditritetcitdd abbvelindiCaeshst
pain NGFrmediated pfocesses ase adb responsikie for the ndyction of acute
e £ £ AR SHALIRID PN 3 PEFSISIANtNQCIEEDVe PAIR, BRY RETSISIENt Prpese

_ chronic neuropat.hic pain. Thus, anti-NGF agents are indicated as having

variqhtiity a5 effettivé-analgesics for treating sufferers of any or all of these

various pain states. 5 One such anti-NGF agent is trkA-Fc, which acts as
one uHgCQYOrseavenger. to bindup, and fherebyinactiyvate, endogenous avenger

NGF. TrkA-Fc is a fusion protein consisting of the NGF binding region of
Lo PiCA MRkedtd ESRStnt HbmaTragnTERtEE otan 16 aﬁt%%d‘y.c s
fusidrkprdre prodaces 0 hypoalgesialit hdivednimalsodecreases idcicepter to

a col§6RARSEsnad fecseases sprouting of unjayslinatedipain-seRsing: produces
eurons (Bennett et al,, 1998). Antisera raised against NGF can also

h S, i t , d
YPoqeduce 16Vel§ wien fnjécted “t5 95Cally 8F systemically” Both™®" "
decr%ﬁﬂ?ﬁK§P¥ﬂﬂiﬁﬂ@i&ﬁdTﬂ@@#@ﬂ@ﬂéﬁ@aﬂ?%ﬁﬂ?&@é@ﬁﬁnnéﬂ(§3ﬁ4Naaﬁé@tt et
al., inf@mmatory paw pain (Koltzenberg et al., 1999) and inflamed bladder

responses in rats (Jaggar et al., 1999). Anti-NGF antiserum blocks heat

and cold hyperalgesia, reverses established thermal hyperalgesia, and
Antisnevents eoflatral Sproliiigdn26 #ve chreRiecAITstrittiBRliAjuyYCEniected
locamedekokpetkapathic pain pONROH, 1996; Ra et Bbe 1999 aSmal melecttenuate
carr{‘%'%}acr’ﬁ of theJrka NGE interaction have also been reppried Inafs, te o,
1999) and inflamed bladder responses in rats (Jaggar et al., 1999).
Anti-NGF antiserum blocks heat and cold hyperalgesia, reverses
established thermal hyperalgesia, and prevents collateral sprouting in
the chronic constriction inijury (CCI) model of neuropathic pain
(Woolf, 1996; Ro et al., 1999). Small molecule inhibitors of the
trkA~-NGF interaction have also been reported. In rats, the NGF-trkA
inhibitor ALE-0540 reduces hyperalgesia in a thermally-induced
inflammatory pain model and in the formalin test of acute and
persistent pain (Owolabi et al., 1999). ALE-0540 also reduces

mechanical allodynia in the sciatic nerve injury model of neuropathic

pain (Owolabi et al., 1999).

Therapeutic antibodies in general hold out the promise of a degreé of
target selectivity within a family of closely related receptors,
receptor ligands, channels, or enzymes that is rarely attainable with
small molecule drugs. NGF-mediated pain is particularly well suited
to safe and effective treatment with antibodies because NGF levels
increase in the periphery in response to noxious stimuli and

antibodies have low blood-brain barrier permeability. Whilst
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inhibitor ALE-0540 reduces hyperalgesia in a thermally-induced
inflammatory pain model and in the formalin test of acute and 25
persistent pain (Owolabi et al., 1999). ALE-0540 also reduces mechanical
allodynia in the sciatic nerve injury niodel of neuropathic pain (Owolabi et
al., 1999). Therapeutic antibodies in general hold out the promise of a
oo ST SR sleciuty it o iy of closoy el cepirs
of pappleenlel diigs "NBF-hadiated Painds particalanywell Stited to dafe and
succe8Hfeglive t&%@@ﬁ%@%ﬁlit@sﬁm&h@@%&%@é&%i\&@Fci@é{ei,so im%r@aeﬁﬁzgh%es in
manufEerl herém response to ne noxious stimuli an 35 antlbo dee Ié? hemical,
ood-brain barrier | permea_tﬁjtyg\/\7ﬁ1h|f§3r%3s po yglohaYan alebeen
entitghowiPo BetefféctivieciPahifiabiicyels of ﬁﬁﬂﬁl%tﬂ\l@lﬂ\}ﬁﬁn‘é%monal
antibanlibediesaie Mok likely todue csuecessivliy developedas bumaime anino
thera eutlcs c%u%to the a dvantages in in manufacturlr\]]qgnéi characterizing a
co S|stent well- d}é&?meda emlcaie 5 entlty %he anti-nociceptive effects of
mouse anti-NGF monoclonal antibodies (Sammons et al., 2000) have
Recenheenireported audhesantae acil @eqmelaeesmmbesgamﬂam&esweﬁe
aaa: (D8HPLVIGed, Recept, evidance, suagests MALNGE, pramoleg et uesiicy

pathologies in 10 addlflon to pain. Thus, anti-NGF antibodies may also
for tpgesdss Lﬁlﬁ%&frfol?l%é‘fﬁfbléﬂ?@r ﬂ@ﬁ%ﬁ@&raté&?ﬁé’é%%’é‘s HRElgting bt ted to
asthmaEt knitedito @asthma; tchrenic obstructiveipekirenanyudiseasey ptimonary,

othe rIRO8IS, AL dISEASES %@ﬂ‘fﬂéﬁ'@!@@ﬁ]@o‘ﬁ% (Hoyles 2003, .ommatzeh, |
et al., 2003), diabetic neurogath Yasu t al., 2003), cardiac

2003) arrﬂyﬂlﬂﬁ?&& 18RO 65 35 iy %éa?écre€Q|O3éoo§)afa?r%ﬁm|§‘rrhythmlas
(WO04pocrasis)and Ivaricer fidakaganiara, 20091). ¥W002/006458relatesstcs and
cance@NtiN@Lantibodies; dr particular mouse monoclonal antibody 911, and
use of such antibodies in treatment of 20 various NGF-reiated disorders,

including pain, asthma, arthritis and
W002/096458 relates to anti-NGF antibodies, in particular mouse

ﬁdels

acid

monoclonal antibody 911, and use of such antibodies in treatment of
various NGF-related disorders, including pain, asthma, arthritis and
psoriasis. It states that the antibody 911 had no adverse effect on
the immune system in an experimental mouse model of allergy. These

antibodies were also described by Hongo et al., 2000.

WO04/032870 describes the pain-reducing effect of the mouse monoclonal
NGF antibody mab 911 and humanized NGF antibody E3 in experimental
models of post-operative pain. E3 differs from human heavy chain

gammazZa constant region by 2 amino acids.

W004/032852 describes methods for preventing sudden cardiac death and

for treatment of cardiac arryhthmias using NGF antagonists.

WO 01/78698 describes the use of polyclonal antiserum to NGF to treat

chronic visceral pain.
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psoriasis. It states that the antibody 911 had no adverse effect on the
immune system in an experimental mouse model. of allergy. These
antibodies were also described by Hongo et al., 2000. 25 W004/032870
describes the pain-reducing effect of the mouse monoclonal NGF
antibody mab 911 and humanized NGF antibody E3 in experimental

models of post-operative pain. E3 differs from human heavy chain

The Kiiiaoa GOSN IegIoN B3 ARG abide. 36 WODAIOR285? dekcHEEs
prefenethod forpreVénting'sudden careliad Heath ahich Jorarazgmertt éfheardiac
inve@d RHhmiasHsing N antagerists ML 78698 describes thetise of inate
NGF i)noé);%lgn%élnlyégrgmdt?ONGF to tr% %)chronlc visceral pain. 357 The

present invention prOV|dresms()ﬁ(aS§fi inding members for NGF, preferably

human NGF. Thus, a specific binding member of the invention may bind
spechtimapiNGmer Aembumarr NGE (Bxgenondiuman pemate i DaEand/er kahan

NGF, ’%%E%%@%’ rmgHr%QnNGn@iéo§f’§§'f'%9'i“é1{“ {nembers of the invention, ; .,
may be antibodies to human NGF, especially"human antlbogles, which

non-hEehdIEfs sk AEAAHE Witk HE R &R NS iNGE diy fioh-Rakfe NCF and/ox
rat yrimate NGF and/or mouse NGF and/or rat NGF. |0 A specific binding
member in accordance with the present invention preferably neutralises
NGF. Neutralisation means reduction or inhibition of biological activity of
A SPHFGEL . §  RstiutidtTBF fthibiticry GFRBIE Birfdihg to"6n& 0 ¥hdre BT tion
pref¢eceptorsqpreterabhsTrek). Thedis raductionin biclogicat activityrmay be
inniPAriaLoLtotah g degree. tg which an gatibody peyttalises NGBS nnipition
referred to as its neutralising potency. Potencg may be determined or

of NefeRdtfedtisiny BRE OF MBrE asbayskriowitibhe skaféd petson ardior - T2

redugsidesdnbéd @rogical activity may be partial or total. The degree
to which an antibody neutralises NGF is referred to as its
neutralising potency. Potency may be determined or measured using one
or more assays known to the skilled person and/or as described or
referred to herein, for example:

~  "FLIPR" calcium mobilisation assay (see Example 2 herein)

- PC1l2 survival assay (see Example 5 herein)

- TF~-1 proliferation assay (see Example 6 herein)

— Receptor binding inhibition assay (see Example 9 herein).

Assays and potencies are described in more detail elsewhere herein.

Specific binding members of the present invention may be optimised for
neutralising potency. Generally potency optimisation involves
mutating the sequence of a selected specific binding member (normally
the variable domain sequence of an antibody) to generate a library of
specific binding members, which are then assayed for potency and the
more potent specific binding members are selected. Thus selected
"potency-optimised" specific binding members tend to have a higher
potency than the specific binding member from which the library was
generated. Nevertheless, high potency specific binding members may

also be obtained without optimisation, for example a high potency



referred to herein, for example: 20 - "FLIPR" calcium mobilisation assay
(see Example 2 herein) - PC12 survival assay (see Example 5 herein) -
TF-I proliferation assay (see Example 6 herein) - Receptor binding
inhibition assay (see Example 9 herein)8 Assays and potencies are
described in more detail elsewhere herein. 25 Specific binding members
of the present invention may be optimised for neutralising potency.
speci Generalhupateney aptimisation iavobies: mutating the sequence ofa  initial
scree§e|ee%€.’da59§§éf&%£’&@@£‘9 %ﬁ%@%ﬁﬂ%‘%’@%@’ atgse anaqlgeq%mealsn nt invention
“sequence of an antibody) to generate a library o?%o specific binding o
Proviffembatst whRicheare! i 58sa§ed fft pofericy andthé Stho@potentc  binding
membespecifie birdinganemberscarefselectetridhusoselentechition from a selected
speci fRQtENCYGPtiMisedyspecific binding membersitend no have A Nigher) oy the
... potency than the specific binding member from which the library was ‘
skillBaneratetP Nevartheidss High poemcy Spebitit biRding Mémbers gy s hioh
potenglgo be obtained without optimisation, for example a high potency 8
specific binding member may be obtained directly from an initial screen
- e.g..a bioche_-a-cal neutralisation assay. The present invention provides
B SO Sotdy pimSAH S Hon6HRISEH'S < bifdihg “reffbers: B&S 1o
prefepaiias sreiods forpoteney dptimisativmifom arsélettod vspecifictinding <-9-
inhibmemberrIhepresentinventiondhus allows the gskilled person to generate
specific binding members having high potency. A specific binding
member in accordance with the present invention preferably exhibits
In  sghRfihyperarjesie ahd/of antilobviic aetivityne.g "fikiblts ©f the invention
compréagageenanr-indused themsalbyperalgesiadnssomesmbediments,-a specific
binaifBECHiGBinding.member,qf the invention. camprises an antibody, ; i o oice
~_.molecule. In other embodiments, a spemﬁc binding member ci the _
WlthlmvénﬁGHT%ﬁﬁbﬁ§8§aWP&ﬁﬁﬁéﬁ%ﬁﬁdﬁm;§ﬁeset of CDRs in a non-antibody

protein scaffold, as discussed further below.

In various aspects and embodiments of the invention there is provided

the subject-matter of the claims included below.

Preferred embodiments within the present invention are antibody
molecules, whether whole antibody {(e.g. IgG, such as IgG4) or antibody
fragments (e.g. scFv, Fab). Preferably, an antibody molecule of the
invention is a human antibody molecule. Antibody molecules comprising
antibody antigen-binding sites are provided, as are antibody VH and VL
domains. Within VH and VL domains are provided complementarity
determining regions, (“CDRs”), and framework regions, (“FRs”), to form
VH or VL domains as the case may be. An antibody antigen-binding site
may consist of an antibody VH domain and/or a VL domain. All VH and
VL sequences, CDR sequences, sets of CDRs and sets of HCDRs and sets
of LCDRs disclosed herein represent aspects and embodiments of the
invention. A “set of CDRs” comprises CDR1, CDR2 and CDR3. Thus, a
set of HCDRs means HCDR1, HCDRZ and HCDR3, and a
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within a non-antibody molecule, e.g. a set of CDRs in a nor antibody
protein scaffold, as discussed further below. In various aspects and
embodiments of the invention there_S provided the subject-matter of the
claims included below. Preferred embBodiments within the present
invention are antibody molecules, whether whole antibody (e.g. IgG, such
. 2 Ia(%4 or antiboI(;;ICyD gragrgg&t% (e.rg‘r;d SI%:V 3Fab)[.J Preferably, an antibotd od
set Holeelis gFshe ifvention iS'a huMan an%%ody m%}éeéﬁle?fb\netf%ldsye sharec, @
"set mdlecifes comprising ErtlbodyrdntigeRsbinding sites are provided, as are
antibody V,,4 and 'vL, domains. Within VP anon VL domains are provided
examgPTIPIEMEntaty defermining regions, (LODRS? and frameyork regions,
o form™ VE or omains as the case may be. An antfboéy
presegptigetbiHdiAg site may derisist PaRtentiheay Y defsaifiaisd /ot s v -
domain. All VH and '.Z sequences, CDR sequences, sets of CDP.s and
n nufSE3 OF FCRRS,ANM sets, of L.GDRs disclosed hergin [epresent aspects and
embcdiments of the “invention. A "set of CD-Rs" comprises CDR-, CDR2
refe BpRIFC DR3STAHERN 2 Set Df PCHRS MeinS HCERECHEDR PRREPATDR 3V th
one ahtna: set of LODRs means LLGDRI LLEGPRA andilbaPR3THalgs®ferred
pareQEhﬁﬁvwggqsétaE%d}t%e"%%%ngDﬁ%lelygcéqqe%lécy&?lé@dlligg)%% includes the
Examples of antibody VH and VL domains and CDRs according to the 5
preforesentinverition Q?gl%l%q?sﬁea]iﬁ%ﬁé%ﬁﬁ@nﬁ&ﬁ%%ﬁf&f&é)ﬁé‘tiﬁ‘ﬁ.l%ules of
the numBenof antibedy lineagesarediselosed. herdisodefinedrwithereference

parelQ SEALENCES, £.9. 7SS, CRR sequences, gpiionallyoyith,gne-arsmese,  rne

e.g. one or two, or two substitutions. The freferred 10 parent lineage is
PresHid 1S findad’ THE T02 1 ES finsaGe ifithits e %Péf&ﬁ@dea?r&?&}&}ly
the Mdecule 11330ddsand agthev amtibndyumoleeukesotithe!1183801inding sites

agaiﬂggagggﬁ Wél{digge1%§2§§rﬁl§gﬂi]éhi‘gath%lozj-ES parent "neage are

antibody molecules 1165D4, 1230H7 and 1152H5. The present inventors

have identified the 1021E5, 1083H4 and especially 15 the 1133C11
The [ih8afes ads providing himian<htibody anfigerrbinding sitest of six CDR
sequences of 1133C11 as follows: HCDR1 SEQ ID NO: 193, HCDRZ SEQ ID
NO: 194, HCDR3 SEQ ID NO: 195, LCDR1 SEQ ID NO: 198, LCDRZ SEQ ID NO:
199, and LCDR3 SEQ ID NO: 200. The set of CDRs wherein the HCDR1 has
the amino acid sequence of SEQ ID NO: 193, the HCDR2Z has the amino
acid sequence of SEQ ID NO: 194, the HCDR3 has the amino acid sequence
of SEQ ID NO: 195, the LCDR1 has the amino acid sequence of SEQ ID NO:
198, the LCDR2 has the amino acid sequence of SEQ ID NO: 199, and the
LCDR3 has the amino acid sequence of SEQ ID NO: 200, are herein
referred to as the “1133Cll set of CDRsg”. The HCDR1l, HCDR2 and HCDR3
within the 1133Cl11 set of CDRs are referred to as the “1133Cll set of
HCDRs” and the LCDRl} LCDR2 and LCDR3 within the 1133C1l1 set of CDRs
are referred to as the “1133Cl1l set of LCDRs”. A set of CDRs with the
1133C11 set of CDRs, 1133Cll set of HCDRs or 1133C1l1 LCDRs, or one or

two substitutions therein, is said to be of the 1133Cl1l lineage.

Other preferred lineages and sets of CDRs are defined with reference

to the analogous CDRs as set out anywhere herein, including as



against NGF that are of particular value. The 1133011 lineage is defined

with reference to a set of six CDR sequences of 1133C11 as follows:

HCDR1 SEQ ID NO: 193, HCDR2 SEQ ID 20 NO: 194, HCDR3 SEQ ID

NO: 195, LCDR1. SEQ ID NO: 19§OI_CDR2 SEQ ID NO: 199, and LCDR3

SEQ ID NO: 200. The set of CDRs wherein the HCDR1 has the amino

acid sequence of SEQ ID NO: 193, the HCDR2 has the amino acid
prefesequentenf BEQ IDINO: k9% the HAQDR3i1khas the@minoraciteseguencen SEQ

ID No%f SEQIR NQ: 19, the LCDR] has{he,amino acid sequence,of %Q Res of
25198, the LCDR? has the amino acid sequence of SEQ ID

CDRs 1@%% thé% CORBnas the e Stid Sequercs of ﬁ@ﬁ%of%b clone
1021Eare hereintreferred tocas thee"108380kt setrof<CDRS". Tive HCDR1sed clones

ai rreHCGRB and HCDR3 gwithin the, 1133011 setof CDRS arg refefredio asc1udes
the ":1133011 s?t of HCDRs" and the LCDR1, LC%RZ and CDR3 within

3 setyol 1§33 UG OF CDRE 36 hre tRfarred o 48 the *1133011 Sator 0 *7 “he
Table,CORsOPeset of CORS With He 1EE330BE €t of CDRs, 1133C11 set of
HCDRs or 1133011 LCDRs, or one or two substitutions therein, is said to
Sets &Bge 1]13% 1 Ilnea e, Othe&%eferred Ilne es and sets of CQRSO
éfeflned with reference “35'6 the analogous S as sec. out anywﬁere
with hépsin, iHaGdifGas Topretefred eribodifiénts theSsetsof CPRs 3@idsed acid
subsdhntlablenda (with SEQ ID NOS as set out in Table 2b) Table and Table 2b
show sets of CDRs, (HCDRs and LCDRS5 from optimised clones derived
Iron. clone 1021ES, illustrating _row the CDR sequences of the
The  BpERRSed BIGHES diffef FUM MOSE-BF10ZHES 1A Set BFEDRS fréfirapfe 200
antik2arlrinciudes sa sehof HEDIRscandkrfa set 06 EEDRS fromrgnyselonef HCDRs
or sdlusiapa idhe, Jable gntonaliy inaluding JOZIES setieRets of FRRS Ol or

hese are rowded as indicated, as are sets of CDRs with the disclosed
Sé@cfﬁéﬁ&é%%tﬁhﬁ@%ré}iﬁ/odaﬁﬁéozfﬁa SGibsfitttiohsS The presentevant set
of ChRventiopmisoqrovidesspeeificdindingimembessand antibddycmoleculesiow.

For é%gﬂﬁﬂ§mgﬁﬁeggﬁQEQ§e@®@£CHQR§a§@EOEHCgﬂR§ of an antibody may be

grafted into a framework {(e.g. human framework) to prov1de an antibody

CDRs

molecule or different antibody molecules. For example, an antibody
molecule may comprise CDRs of an antibody of the 1021E5 lineage and
framework regions of human germline gene segment seguences. An
antibody of a lineage may be provided with a set of CDRs within a
framework which may be subject to “germlining”, where one or more
residues within the framework are changed to match the residues at the
equivalent position in the most similar human germline framework (e.g.
DP10 from the VH1 family) or a framework of the Al family e.g. DPLD.
Thus, antibody framework regions are preferably germline and/or

human.

The invention provides an isolated human antibody specific for NGF,
having a VH domain comprising a set of HCDRs in a human germline

framework comprising DP10. Normally the specific binding member also



or set of LCDRs, as disclosed herein, and sets of CDRs of with one or
two substitutions within the disclosed set of CDRs. The relevant se of
CDRs is provided within an antibody framework, as discussed below. For
example, one or more CDRs or a s%tlof CDRs of an antibody may be
grafted into a framework (e.g. human framework) to provide an antibody
molecule o.r different antibody molecules. For example, an antibody
has doleci.dogdnay eemprise &PRs akan antibady:ef the A021E5 lineage anduman
.framework regions of human germ,__ne gene segment sequences. Pn_
IEI Atib oSS Wé’%ﬁegaféprﬁ%@lﬁg pfovitdled Wit a 8&tof CORS witiin e = CPRs
are afraptrewdrkCWhichimay bessuibjecktongermlining”, where one or more
residues within the framework are changed to match the residues at the
uivalent position in the most similar human germline framework (e.g.

e :
BY “BIG RO the VA fa?ﬁnﬁ%r"a*Farﬁém%?ﬁffof%ﬁé%?ﬁﬁﬂﬁﬁéﬁ@‘?ﬁr& DR or VA
or VIThdsrantibody flareworieregions aké preferablycgermlineandfer hamahighly
sini1khe fyvepHen prevides.an isolatecshwpanantibody, speGificdaeNGR  set out
neresEVING.3 VA4 domain comprising 4 set.of HEPRe.n, 2. fuman geumli ng

ram-work com%r|s¥ng If)rE’i-_(f). Nolrrtnafly the specﬁicag‘l%%ing member also Koo

preferebRysH VR dofairt comprising aset of LCDRS; preférably #f athugisiiio acid
substgenniine dramewerkcamprisinga erg: QR oPreferablyythe&DRs. are a

se’_ of CDRs disclosed. herein. By "substantially as set out" it is meant

that the relevant CDR or VH or VI aomain of the invention will be ei_her
In ongeAfieslSr highy SimflaP <16 the s gecified régins Biawhick thel Seghengsmoer
for risiset autohereinaBychighlyrsimilastitns contemplatedithad from i tebybinding
site %ﬁg%ﬁblygro&ﬂp@sééugq ag 1}%&%9 ”a-ﬂgﬁlggégyor\%{ aggﬂgi%mdand a human

substitutions may be made in the CDR and/or "'T: or VL domain. In one

antibagyeciither8ds Prétided’aniColatdd Shetifictiriding MerhbBF f8F Réfve HCDRZ,
HCDR2gravathrfactarc(PG ?3,ncomprising ancantibody antigendainning siterwdich isSDR1,
ncprocompesed.ofia human antibody Vil domaingpd ahuman ; ..« 1cor1, 1cor2,
LCDR3 and a framework, wherein the set of CDRs consists of a set of
CDRs selected from the group consisting of:

the 1133C11 set of CDRs, defined wherein the HCDR1 has the
amino acid sequence of SEQ ID NO: 193, the HCDR2 has the amino acid
sequence of SEQ ID NO: 194, the HCDR3 has the amino acid sequence of
SEQ ID NO: 195, the LCDR1 has the amino acid seguence of SEQ ID NO:
198, the LCDRZ has the amino acid sequence of SEQ ID NO: 199, and the
LCDR3 has the amino acid sequence of SEQ ID NO: 200;

a set of CDRs which contains one of two amino acid
substitutions compared with the 1133C1l1 set of CDRs;

each set of CDRs as shown for individual clones in Table 2;
and

a set of CDRs which contains the 113Cll set of CDRs with the
amino acid sequence of SEQ ID NO: 533 or the amino acid seqguence of
SEQ ID NO: 532 substituted for the amino acid seguence of SEQ ID NO:
531 within HCDR3.



antibody VL domain and which comprises a set of CDRs HCDR1,
HCDR2, HCDR3, LCDR1, LCDR2 and LCDR3, wherein the VF domain
comprises HCDR1, ECCRZ2, 'ICDR3 and a f. m.ework and the VT domain
comprises ...CDR , LCDR2, LCDR3 and a frantewo_-k, wherein the set of
CDRs consists of a set of CDRs seleéted. from the group consisting of:
the 1133C11 set of CDRs, defined wherein the HCDRI has the amino
acid sequence of SEQ ID NO: 193, the HCDR2 has the amino acid . .
S SE o DRE 158 the HOTh AL o Affnd ol eiigens =
antibgfiSEQUINOL1981i tive TCBRithas thies anfinpcasid sefjtericaef SEQI»dy VH
doma iNOink98, tﬁ@rﬁ&DBgﬂ%@Q’e @mi%@&iQS%gﬁemgﬁsg@@@iNQé 199¢et of
cors ,20d the . LCDR.3 has the amino acid sequence of Sg%%D NO: 200, aset .
 of EDRS Which contains one of Wb amino acid- substititions compareoiﬂ1 ne
VL dofithithé TE33C 21 SetBf.CDPSPRachset BB Rsvas shiowrtfier idAduaks the
aminoclenes indable 2 @fﬁg argetof @(@RSW@i,Ch&@t@j@§R2‘el?}}:3Qﬂq§ebﬁﬁdno acid
CDRs wi ino.aci uence D NO: 533 or the amino aci
e S S N s LR R TAT tod S i SeryBReicsre of
SEQ ISE®OID 130: 53ewithirHCEBB3t1fa AisoUiscloSed isasspecific biiffing D NO:
198, mleénlwbtézr ?i@i_ ,@oén@Tﬁiﬁgfgzamda@téaaéy@ﬂtlgfre@@dmgm'btebwgtc,h ISnd the
camposed of a. human.anti_bodv VE [ u antibody VI, ,
LCDRBd%lr%%inLgﬁd Which c%?ﬁ%rigggléegg? of %gﬁ,%vr\%eﬁré}n%%e%\moéoﬁé?nréln the
set doriphiseSHEDRE, DR ardl HCDE3 afiscthe NAL Homairrcompiizessd with
this s€DRY¥, ZFBPR2 and LCuR3, wherein the HCDRI has the amino acid
sequence c- SEQ. ID NO: 193, the HCDR2 has the amino acid"
sequence of SEQ ID NO: 194, the HCDR3 has the amino acid sequence
Thus, ofdSEQIBENO: 2195, fiee?-DR1 hidgthedardie a&id Sequéte GISEQ TOY an
antiN@; 198;the HCDR* has the anineracid seeuenceiobSEQHRNO 2htYody vH
domai%ndaﬁlf é‘%a@)asa imwo\%CI%érgQ%nggaOf \%E%hl D(HIQJ%OS%’SC a set of
wherein the set of CDRs contains one or two amino acid subsfitutions
CDRs,Cd%f)Jé?éa VW’EW set of CDRs 1s the 1133Cl1 set of CDRs or other set

cf CDRs disclosed herein, or a set of CDRs containing one or two

Also

substitutions compared with the 1133C11 set of CDRs or other set of

CDRs disclosed herein.
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this set of CDRs. Thus, disclosed is a specific binding member for NGF,
comp_ _sing an antibody antigen-binding site which is composed of a
human antibody VH domain and a human antibody VL domain and which
comprises a set of CDRs, wherein the set of CDRs is the 1133C11 set of
CDRs or other set of CDRs disclosed herein, or a set of CDRs containing
I o 2neor two EisbuIc()js,tituti(t:_’)ns ct%mpared witq;the 1133tC,1C1 se of CDRs or other
PrEACoT CDRYGRSEISEE] herein. XF 1R preferdd &mbbdimants the dneBic ©*
two offydBabstiutions are ot iohes or wid of thafoldWing fedilaeSHvithity the VL
doma iGPRs.of the M andion My domsinsnysing the-stangesdnumbering of
Kabat (1991) 5 31, 34 in HCDRI 51, 55, 56, 57, 58, 65 in fICDR2 96 in
HCDR3 10 26, 27, 27A, 27B, 28, 29, 30 in LCDR1 56 in LCDR2 15 90, 94
31, 3ifh EEDR3%h preferred embodiments one or two substitutions are made at
one or two of the following residues within the 1133C11 set of CDRs in

51, 5%90%@,&1@«; W%gl Fh&idﬁgtﬁ(’g@g‘?groups of possible substitute residues: 20

Position of Substitute Residue substitution selected from the group

consisting of 25 31 in HCDR1: A 34 in HCDRI: V 51 in FICDR2: V 55 in
96 inH@DR2: N 30 56 in HCDR2: A

26, 27, 27A, 27B, 28, 29, 30 in LCDRI1
56 in LCDR2
90, 94 in LCDR3.

In preferred embodiments one or two substitutions are made at one or

two of the following residues within the 1133C11 set of CDRs in

accordance with the identified groups of possible substitute residues:

Position of Substitute Residue

substitution selected from the group
consisting of

31 in HCDR1:

34 in HCDR1: \

51 in HCDRZ: \

55 in HCDR2: N

56 in HCDRZ: A

57 in HCDRZ2: Y

58 in HCDRZ: 5

65 in HCDR2: D

96 in HCDR3: N



57 in HCDR2: V 58 in HCDR2: S 65 in HCDR2: D 35 96 in HCDR3: N 13
26 iNn LCDRL T 26in.LCDRIG 27:i nLCDRL:N 27inLCDRLR 27A
in LCDRL T 27A it LCDRL P 27Bjr) LCDRL :S 28in LCDR2: 29 in
LCDRI30INLCDRI:D 56inLCDP,2: T 9iinLCDR3.A 94in
LCDR3 : C. Residue 295 within LCDRL1 is a particularly preferred
embod_'ment. Preferred embodiments have -he 1-_330=.1 or 1252A5,
115255, 116554, 123037 or 1021ES5 set of CDRs. In one embodin_ent an

o6 insglgﬁgg specific binding member comprises e set of CDRs which

contains the 1133011 set of CDRs with the. amino acid sequence

26 in|NSARIS (S'EQ IC NIC: 532) or the amino a- -_1 s...quenc ~ISSLQP (SEQ

27 17D BEX1533), substituted for the amino acid secuence INPSLTA (SEQ ID

57 1 ,NQ:531).within ECDR3. Any se- of rdCDRs of the lineages disclosed
herein can be provided in a ~7,-' domain that used as a specific binding

27h 1IndfiRfeY in combination with a VL domain. A VH domain may be

272 iprovided with a set ef HCDRs of a 1133011, 1021E5 or other lineage

>7p  AURLbEd.y. e.g. a sef of HCDRs as illustrated in Table 2a/2b. The VH

_ domain is paired with a VL doh.',air_,
28 in LCDR2 : T

29 in LCDRI : E
30 in LCDRI : D
56 in LCDR2 : T
90 in LCDR3 : iy
94 in LCDR3 : G.

Residue 29E within LCDR1l is a particularly preferred embodiment.

Preferred embodiments have the 1133C11 or 1252A5, 1152H5, 1165D4,
1230H7 or 1021E5 set of CDRs.

In one embodiment an isolated specific binding member comprises a set
of CDRs which contains the 1133C11 set of CDRs with the amino acid
sequence FNSALIS (SEQ ID NO: 532) or the amino acid seguence MISSLQOP
(SEQ ID NOC: 533), substituted for the amino acid sequence LNPSLTA
(SEQ ID NO: 531) within HCDR3.

Any set of HCDRs of the lineages disclosed herein can be provided in
a VH domain that is used as a specific binding member in combination
with a VL domain. A VH domain may be provided with a set of HCDRs of
a 1133C11, 1021E5 or other lineage antibody, e.g. a set of HCDRs as
illustrated in Table 2a/2b. The VH domain is paired with a VL domain,
and the VL domain may be provided with a set of LCDRs of a 1133C11,

1021E5 or other lineage antibody, e.g. a set of
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and the VL domain may be provided with a set of LCDRs of a 1133011,
102155 or other lineage ant body, e.g, a set of 14 LCDRs as illustrated in
Table 2a/2b. A pairing of a set of HCDRs and a set of LCDRs may be as
shown in Table 2a/2b, providing an aatibody antigen-binding site
comprising a set of CDRs as shown in Table 2a/2b. 5 The Vii and VL
domain frameworks comprise framework regions, one or more of which

LCePRINGJ beta gerflfiied frameistkregidn, nbrmaty Hifah gefmcnifé. The™s 29
a seWHUdmeis fresmewvork ss preferably heiman tredly, clvainv gérnsline antibody

ant 1 fmewrkand the Vi domain.framewerk is preferallyduman: lightichaina /25 .
germ-line framework. Framework regions of the heavy chain 10 domain
may be selected from the VH-1 family, and a preferred VH-1 framework is

The @DMA0ranrework. Fransework regions of tHe dighreh&iranagise one or

more S€teGtedfron the Xi family, ancka prefeusd-frameyerk, is{IRPLS. 1 Pneein
e CII% S ryay(}%?ntake from the 1252A5 \%Ig 0 YLF domaig and 15

or
erm?lne. ain, framework is_pre a h n hea Chain
K Incorporated Into'a Stitabié framework” This s discubsed turther herein.

germ1DEPAS HODRS I, 2rahd Bard shevat in SEQIPDPND:i398r894rgbby human

1ightespectivelyrid2b2A5 ECRRS.LK2 and 3nafoshowsdncee QD NQ: B98¢y chain
399, 400, respectively. 20 All this applies the.same for other CDRs _

coma e P o T T8 1EP

£ ramg g 7 SEm BB dihte At PresErtiftertion- Moy the ambothpiH chain

nay BOdan Vi damain of amantibedy molecule of the LOZLES lingagsse.9s prrs.
the 25 antibody molecule 1021E5. A specific binding member comprising

an antibody antigen-binding site comprising such a VH and/or VL domain
One fzr alsoprovidediby the presentiinvention. Preférred @mbodiméntz are axd

incot?lé%"ﬂ%éoﬁ%ﬁ:yl—gdgﬁ(ladgbﬁg domaine. set of HGERS; sﬂ&ﬂ&@;&e%@@@r
of CDRs.of: _1126F1 (VIl SEQ JD. NO: 102: VI, SE - 107), 1126
rexeip SE OO 12, VI SEG B NG 117) 11685 (WH £ 15K » *°°

respiggéxq}gEgngﬁR%§:LCDRS 1, 2 and 3 are shown in SEQ ID NO: 398,
399, 400, respectively.

All this applies the same for other CDRs and sets of CDRs as disclosed
herein, especially for 1152H5, 1165D4 and 1230H7.

Embodiments of the present invention employ the antibody VH and/or VL
domain of an antibody molecule of the 1021E5 lineage, e.g. the
antibody molecule 1021E5. A specific binding member comprising an
antibody antigen-binding site comprising such a VH and/or VL domain is

also provided by the present invention.
Preferred embodimehts are as follows:

A VH domain, VL domain, set of HCDRs, set of LCDRs, or set of CDRs of:
1126F1 (VH SEQ ID NO: 102; VL SEQ ID NO: 107),k112665 {(VH SEQ ID NO:
112; VL SEQ ID NO: 117), 1126H5 (VH SEQ ID NO: 122; VL 3EQ ID NO:
127y, 1127D9 (VH SEQ ID NO: 132; VL SEQ ID NO: 137), 1127F9 (VH SEQ ID
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127), 1127D9 {VH SEQ ID NO: 132; VL SEQ ID NO: 137), 1127F9 (VH

SEQ ID 15 NO: 142; VL SEQ ID NO: 147), 1131D7 (VH SEQ ID NO: 152;

VL SEQ ID NO: 157), 1131H2 (VH SEQ ID NO: 162; VL SEQ ID NO:

167), 1132A9 (VH SEQ ID NO: 172} ¥L SEQ ID NO: 177), 1132H9 (VH

SEQ ID NO: 1.82; VL SEQ ID NO: 187), 1133C11 (VH SEQ ID NO: 192;

VL SE ID NO; 197), 1134D9 (VH SEQ 51D NO: 202; VL SE% NO:
NO: Ligs WH 45191 {OH'SEQ D NG23197 VIVEES D RIAP21 75 21 1 46D R/AP MO+
157) SEQIDNOVR2EYISEQ:IDLNO: Z275EDL4PDIAVH 63EQ IDIRAY, 232, SEQ 1D

no: M SER IM}IQDZ%%J) 13147 G9 (Y SEQHDNO:12A20VL1SEQ viD MY 10 no:
247 115OF1% ID NO 252; VL SEQ ID NO: §§Q 1ﬁéH (VH
D

187) &y Nof J9b Kt 267, *Ti%sﬁ)l Wi Lo Wi SEC
ID NGEP20 IDLN@Qz??)),NHSQM (VH BEQUDNOSE2IVINSEQ 1B/ NG: 28p), 1D
NO: zlﬂﬁOEiiNbbﬁEQ{l@ﬂ\éOiﬁ%d):Vb@EQ/hD NQ: 2070116504, (MH4SER IRu
0 Q . 307 75118 : - E
559 10 NS 377, 1901600! (VIT S0 IUND: 45: VT SEHID N, 32777 550
1D NG 14N (VHS‘E‘@ IDVNIGFES32DVEC SEGLID WOS837YP1 2P4DAD/ (VHISEG!S (VR
seg 1D N&: 342, VInSEEIDINGS 34797 15 1218HD (MH SEQ D NO: 352 VlvL, sEQ
E N 0 I N S D

P N§67% Igtﬂl %%t%éﬁ rer%er:szé%1 alr?ega%;'-l ?%r%altr%{ LVL é%?n'%gll}lébsetg c% HCI\DiCBgOE3 Ve
SEQ HatNef Lé%RsVér 3ERof CORS 8@1@83?—946(\% SEQIBPND: 52 vi;oéEdL SEQ
ID NdD NO7) 20127 HL2 278 (M SEQAD NQ; 3v2; ¥MioSEQND:N&: 7377 andc10

i $E3OR8MH §§2Q 1R NE: 3823 %%Q D NO3387)-40 3ughly R@feﬁ@' VL

embodiment, a VIl domain is provided with the ‘amino acid sequence of
SEQ BEHID RO 19%2%Elﬁeuhﬁf‘te%ﬁ%&le@:#,c?i"fV/HVTszH%n?a%”Oln a4
121sfurthen higlly preferredsecrmibodinent; aivVL ddomaindsgrovidiery withitleEg 1D
NO: g@}ip%ci%eq%eg@e oj@lj:_Q ID NO: 197, this being termed "1133C11 VL

domain”. A highly preferred antibody antigen- binding site provided in

accordance with the present invention is composed of the 1133011 VH
Stildofnairh SEQrHEIN@e492ramd the 4483C1 WL30domain,sSEQIDHIORs, set
of 1d8Hs This antibady aptigep:bingling sitemay=be rpraydded witkin any 1o no:
17, desired antibody molecule format, .0 SCRV, Fab. oo,

: an D8 (VH SEQ

ID NO: 382; VL SEQ ID NO: 387).

In a highly preferred embodiment, a VH domain 1s provided with the
amino acid sequence of SEQ ID NO: 192, this being termed "“1133Cl1 VH
domain”. 1In a further highly preferred embodiment, a VL domain is
provided with the aminco acid sequence of SEQ ID NO: 197, this being
termed “1133C11l VL domain”. A highly preferred antibody antigen-
binding site provided in accordance with the present invention is
composed of the 1133Cl1l1l VH domain, SEQ ID NO: 192, and the 1133C11 VL
domain, SEQ ID NO: 197. This antibody antigen-binding site may be
provided within any desired antibody molecule format, e.g. scFv, Fab,

IgG, IgG4 etc., as is discussed further elsewhere herein.

In a further highly preferred embodiment, a VH domain is provided with
the amino acid sequence of SEQ ID NO: 392, this being termed “1252A5



IgG, 1gG4 etc., as is discussed further elsewhere herein. In a further highly
preferred embodiment, a VH domain is provided with 35 the amino acid
sequence of SEQ ID NO: 392, this being termed "1252A5 10 VH aomain".
in a further highly preferred embodiment, a VL domain s provided with the
am.-no acid sequence of SEQ ID NO: 397, this being termed. "1252A5 Vi
domain”. A h'igh'ly preferred antibody antigen-binding s_t.e provided it
VH dactordancewith the gresent piventioneiSccomposedoof the 1 252A8. Vitbmain is
provp&g‘eakﬁi%@ﬂ@ Iélrglr%gzacqqp &gﬁgéBo\fL g@@afﬂ' I@O’Q_ N@f,g_gcﬁli-ghlﬁeing
anti"body9 antigen binding site may he prvide within any desired antibody
termeholecule tormat S8 Serv  FAB Iy, 19ts4 Set Cad i distlissBy fiftier 1 naing
site elsewwhicrechereire dnca flirthver highly preferrect embodimest, ttherprésemposed
of tmvemimprgwil%a&galé[g%gg&?%gﬂ%@fﬁmmﬁn%%@@%ﬁ% VM3main,
n, : .and the -15 VL domain, . = : ‘o
50 s Termisd hore i SSAAE " GRS L B e dnbody 4=
withifoRseUIes Tormprising fie 12828 VEE dépidint - SECY ID NOY 39 and/er, 19G4
etc. thesl252 A% \heema-in SEQ:1D-1101897« are rpravided by the present
invention, as are other antibody molecules comprising the -252A5 se- of
~:CP.Rs (SEQ ID NOS: 393, 394 and 395) within an antibody VH .
I o and/or the 125055 S8t 6f LCBRISEDID NETS: B58S399 angvention
provA(Q) withinapantibddy Ml damainlAs noted, thienpreseat MVEIRIONVE domain,
seo REOMides asspecific; binding membey, which binds hyman NGF andwhich, ; -
comprises the 122A5 VA domain (SEQ ID NG: 392) and/or the 1252A5
termsd §mfain (SEGAD°NE¥EIT). Properties of such a specific binding
member are disclosed :-herein. Generally, a VH domain is paired with. a
VL domain to, provide an antibody antigen-binding site. In one preferred
OthepriBEditheftthe APEIRSN/irdofRfainSSEQIDINS:IS02 R paired wwith tiemain,
SEQ '2B2A5: Vidomaind(SEQ4bR=NO2 39%), sa, thatan antibedy antigen: 397, are
provAAIng Site s farmed comprising;Loth the 125275 WL and YL AMaNg ¢ oy es
Analogous embodiments
comprising the 1252A5 set of HCDRs (SEQ ID NOS: 393, 394 and 395)
within an antibody VH domain, and/or the 125225 set of LCDRs (SEQ ID

NOS: 398, 399 and 400) within an antibody VL domain.

As noted, the present invention provides a specific binding member
which binds human NGF and which comprises the 1252A5 VH domain (SEQ
ID NO: 392) and/or the 1252A5 VL domain (SEQ ID NO: 397). Properties

of such a specific binding member are disclosed herein.

Generally, a VH domain 1is paired with a VL domain to provide an
antibody antigen-binding site. In one preferred embodiment, the
1252A5 VH domain (SEQ ID NO: 392 is paired with the 125225 VL domain
(SEQ ID NO: 397), so that an antibody antigen-binding site is formed
comprising both the 1252A5 VH and VL domains. Analogous embodiments
are provided for the other VH and VL domains disclosed herein. In
other embodiments, the 125225 VH is paired with a VL domain other than
the 1252A5 VL. Light-chain promiscuity is well



are provided for the other VH and VL domains disclosed herein. In other
embodiments, the 1252A5 VH is paired with a VL domain ot_" e than the
1252A5 VL. l,ighr.-chair promiscuity is well 1-11 established in the art.
Again, analogous embodiments are pyovided by the invention for -he
other VH and VL domains disclosed herein. Various methods are
available in The art for, obtaining antibodies against NGF' and which. may
estaldagmpete wihitha £152:5 éres-her antibogyu melecote,ramantibodyprovided by
the iMoleculewib.a (252 5 oL other setol,CDRs, 18 an;,anthady, malecule
with a set_ of CDRs of 1252A5 or other lineage, for binding to NGF. P.
method of onta._ning one or more specific binding members able to bind
Varighe antigendmay include biinigirg into contaetra libtary obspecifigbiadingoodies
agaidBempers aceording to the invention and:said anticem, and selecting one: :1,04y
nole orl@orgns%%gcifiig béndggﬁrgg%%ers_:ot the |£ r rXSablg t%gind sa%d agti en.
e Library mayobé{ _spl[aye orv‘b*ar icfes 6r moleular c&%p?ééxeé), e.o. Sro0f
replicable genetic packages such as yeast, bacterial or bacteriophage
((e.g. T7) partic-es, or covalent, ribosomal or other in vitro display
systems, each particle or molecular complex containing nucleic acid
encoding the antibody V3 -variable domain displayed on it, and optionally
also a displayed VI domain if present. Following selection of specific
binding members able to bind the antigen and displayed on
bacteriophage or other library particles or molecular complexes, nucleic
acid may be taken from a bacteriophage or other particle or molecular
complex displaying a said selected specific binding member. Such
nucleic acid may be used in subsequent production of a specific binding
member or an antibody VF or Vi variable domain by express_.on from
nucleic acid with the sequence of nucleic acid taken from a bacteriophage
or other particle or molecular



complex displaying a said selected specific binding member. Ability to
bind NGF may be further tested, also abil.i-ry to compete with e.g.
_252A5 (e.g. In soPv format and/or IgG format, e.g. IgG4) 19 for binding
to NGF. Ability to neutralise NGF may be tested, as discussed further
below. A specific binding member a&@ording to the present invention may
bind 5 NGF with the affinity of a 1252A5 or other antibody molecule, e.g.
an a®efe@f preferably 1252A5.0r atherlgGarar with an:affinity thatig betier, 4 |

for bAi\ns ecifig binding member according to the present invention may 10
hedtrafise NGE with the potency of a 1252A5 or other antibody molecule,
e.g. scFv, or preferably 1252A5 or other 1IgG4, or with a potency that is
A bgt(t?r. Bfindmg affinity and neutralisation potency of different specific 15
T hinding members tah bE Compar&tf ind&F appropriatd ConditioH ofife 201 to
bind antibodies ofthe presentrinVedtiorphaveiamnumber of advantages Guérrary of
speci%)iig[i@QMQ%QMI%VGA@%%@{HE;?N@JF @}@éibQHl?e%tFlen e§§‘@@§iweantigen,

resent invention provides human or germlined antibodies, 20 whichare
and sSpedtfiotisptdy BloWetiggret ot imtitfogiiicity wien ‘CironicaifFor abLe
to biepeatedlysadministered to humans for therapeutic or diagnostic use.
Further, the present invention provides antibodies that are more potent
neutralisers of NGF and therefore a desired therapeutic or diagnostic
The ¥ffectmayde achitved uging lesscantibody 25 matetiakunadditiop; §xene «.g.

rep1 £MPOdiment of the invention, he patengy far inhibition. of the NGE/ITKA o1 e

recggtor interaction is greater than that observed for inhibition of the ,
(€ -9 NGF/p75eteptdfifteratiion: s hiay cOnfstSaiEntages GVéother? vitro
disp kgparemnty sion-selective NG ianitagonist tredteteritssin thiswegard, eithesining
nucldidhedmagaitude: e 30mature of the tbﬁr%@@ggﬁgeggﬁgb@\@%ﬁra@ed on it,

r ing .undesirable side effects,
and oggygna luy a%so a displayed VL, domain if present.

Following selection of specific binding members able to bind the
antigen and displayed on bacteriophage or other library particles or
molecular complexes, nucleic acid may be taken from a bacteriophage or
other particle or molecular complex displaying a said selected
specific binding member. Such nucleic acid may be used in subsequent
production of a specific binding member or an antibody VH or VL
variable domain by expression from nucleic acid with the sequence of
nucleic acid taken from a bacteriophage or other particle or molecular

complex displaying a said selected specific binding member.

Ability to bind NGF may be further tested, also ability to compete
with e.g. 1252A5 (e.g. in scFv format and/or IgG format, e.g. IgG4)
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The invention also provides heterogeneous preparations comprising
anti-NGF antibody molecules. For example, such preparations may be 35
mixtures of antibodies with full-length heavy chains and heavy chains 20
lacking the terminal lysine, with various decrees of glycosylation and/or
with derivacized amino acids, such as cyclization of an N- termi.na-

rox gliiam,c acid g form g pyroclutamic acid residue, It curthel. aspects,

8invention provides an is8lated UcIER adid W%lcﬁaélompr- esa

discepgpniberéheadivylavspec “sic binc-nc member, according to the present

invention, and methods of preparing o specific bind-nc member of the

inv,%ntion,.which comn%rise exnress_ng said nucleic acicd under conditions, .
A specific bﬁ?dln %f er aFcor rng o The ﬁresen Invention may bind
no bring about production of said spéecific binding member, an

NGF yathvéRRgat Dedcérbed Heréfir i Autleie dedd, gernéRiayisoraee thcotir:
scFv AN antibohr Yougriablecdemain @andfer Yo aariable domain disclased that is
Lot cgrein. Also described herein is ring=eic acid, generally isolated, encoding
a VE -_DE or VT. CDR sequence disclosed herein, especially a VIl CDR
selected from: 11.33011 (VII CDRI SEQ DD NO: 193, VIi CDR2 SEC ID
n spdNOri184piand VHEDRS SEQoDiKEy: 195k hd 15285V CDBRASER 2y

neutNOi263,VH (DR2 SEQ. IDNQ: 264, are VH,CDR3 SEQ: IDNG; 265).
and "25235 (VH O)1 SE% "ID NO: 393, VH CDR2 SEQ ID NO: 394, and
moleGH CDRFISEG D NG S5Ot EDRP sefettéd HomI 99331 @
pote@GRRINSEQ $DINEOLL98, V1, CDR2 SEQ ID NO: 199, and VL CDR3 SEQ
ID NC: 200) , 1152H5 (VL CDR1 SEQ ID NO: 266, VL CDR2 SEQ ID NO:
. 26(;, and VL CDn3 SEQ ID NO: 270) , and. 1252A5 (V~ CDRI SEQ =D .
BIndpy: 3651 VAT EOR2 SELF 13 NG 359! difd A ChRE-DMSIG LB NGPAGOf - ©
bind prastpreferabhat 252 A5 NP CORB(SE QD NOr 896 Nucleid-acrds -
encoding the 1252A5 set of CDRs, nucleic acid encodng the '1252A5 set
of HCDR.s and nucleic acid encodin&the 1252A5 set of r,)Rs are also
|

The AEci688d 8s Are MTcHiE dlds ehcoding Inaviaus. ERS 3EDRS A a9e?
over| €PDRSIMY setmof cORI Yy REDRsHIEDRstof e 252A5941830"-'Eor
exanpP1ESINGageent invention provides human or germlined antibodies,
which are expected to display a lower degree of immunogenicity when
chronically or repeatedly administered to humans for therapeutic or
diagnostic use. Further, the present invention provides antibodies
that are more potent neutralisers of NGF and therefore a desired
therapeutic or diagnostic effect may be achieved using less antibody
material. In addition, in one embodiment of the invention, the potency
for inhibition of the NGF/TrKA receptor interaction is greater than
that observed for inhibition of the NGF/p75 receptor interaction. This
may confer advantages over other apparently non-selective NGF
antagonist treatments in this regard, either in the magnitude or
nature of the therapeutic effect achieved, or in reducing undesirable

side effects.

The invention also provides heterogeneous preparations comprising
anti-NGF antibody molecules. For example, such preparations may be

mixtures of antibodies with full-length heavy chains and heavy chains



2| A further aspect provide a host cell transformed with nucleic acid of
the inven't;i.on. A yet further aspect provides a method of production, of
specific binding members, the method including causing expression from
encoding nucleic acid. Such a met98d may comprise culturing host cells
under conditions for production of Said binding members. A method of
production may comprise a ste of isolation and/or purification of the
lackipfodudd. .cethad of oreduetion mayncomprise sformylating the produstyiation
and/ ogrntowilﬂ“cnomdpé)rsjiti%@j Q(e:ch{l din *%toleaé.séiomnse aggci:%on%l Cofr}%)cqqezgl’iso%ch 53 fs a“n
pharrﬁaceutlcaﬁy a?:cepta% € ex_oiplent, Describéd hérein are - “
termippmpositioRscortkiniy Spatific Biremig Herfoe-racof the faveation, and
their use in methods of inhibiting or neutralising NSF, including methods
Iin fﬁéﬁ%@t”@’ge‘)&g? h%arkg{}e%@m%l b]ggggblgetagerggy'iss%%ggggb I?‘iqllggeic acid

. _members according to the invention may be used _n a method of
WhichyreSiHBRE BF Hiagnosis BITREShuMaR o afimal. beByCsGER asPa fidthodmenber,
accordf reatmoenih@vhichsmay imiMEcM@mmla@timetrea@gnt) @fr&p@k@ﬁaﬁeao_rspeci fic
bindi HiQrdRkiN-aiuman patient which comprises administering to; said pagient ., ; -

. . an effective amount of a specific binding member of the nvention.., o
2c1d ABiifionSPeatabi8in atcofdande vitth the greSEhE ihdBntidh inttdde ampcitic
bindijmpwhich NSFapldysecroler especially pa.i.h, asthma, chronic obstr-active

pulmonary disease, pulmonary fibrosis, other diseases of airway

inflammation, diabetic neuropathy, H'V, cardiac . arrhythmjas, arthritis,
DeSCI%gégs}ilse5ﬁﬁncaﬁcser.nfﬁ§§égan8 othér aspects (l)?ifhelirsl%ﬁ ioh/are 1 -0ding an
antibgdgcridBd 7efdrther demidielonaZy SFTERMINOROGY Ut is domeenientioclosed
hereipQint out here that "and/or" where used herein is 5 to be taken as specific

disclosure of each of the two specified

Also described herein is nucleic acid, generally isoclated, encoding a
VH CDR or VL CDR sequence disclosed herein, especially a VH CDR
selected from: 1133C1l1 (VH CDR1l SEQ ID NO: 193, VH CDR2 SEQ ID NO: 194,
and VH CDR3 SEQ ID NO: 195), 1152H5(VH CDR1 SEQ ID NO: 263, VH CDR2 SEQ
ID NO: 264, and VH CDR3 SEQ ID NO: 265), and 1252A5 (VH CDR1 SEQ ID NO:
393, VH CDR2 SEQ ID NO: 394, and VH CDR3 SEQ ID NO: 395), or a VL CDR
selected from: 1133C11(VL CDR1l SEQ ID NO: 198, VL CDR2 SEQ ID NO: 199,
and VL CDR3 SEQ ID NO: 200), 1152H5 (VL CDR1 SEQ ID NO: 268, VL CDR2
SEQ ID NO: 269, and VL CDR3 SEQ ID NO: 270), and 1252A5 (VL CDRl SEQ ID
NO: 398, VL CDR2 SEQ ID NO: 399, and VL CDR3 SEQ ID NO: 400), most
preferably 1252A5 VH CDR3 (SEQ ID NO: 395). Nucleic acid encoding the
125225 set of CDRs, nucleic acid encoding the 1252A5 set of HCDRs and
nucleic acid encoding the 1252A5 set of LCDRs are also disclosed, as are
nucleic acids encoding individual CDRs, HCDRs, LCDRs and sets of CDRs,
HCDRs, LCDRs of the 1252A5, 1133Cll or 1021E5 lineage.



features or components with or without the other. For example "A and/or
B" is to be taken as specific disclosure of each of (i) A, (i) B and (iii)) A
and B, just as if each is set out individually herein. 10 NGF NSF (also
known as beta-NGF) is nerve growth factor. In the context of the present
invention, NGF is normally human NGF, although it may be non-human
NGF (e.g. non-human primate NGF and/or rat NGF and/or mouse NGF).
a furNGE isalsateferred de én placestasathe antigens A NGEwsed:itnanc acid of
che ;ASsay described herein is normally human, rat or mouse NGF, but NGF
from another non-human animal could be used, e.g. non- human primate
NGF. 20 Pain This describes, as is well known in the art, sensation of
A  yetpaifiyanice maysercampass onesor morne;torall, offtthe folowingi of specific

bmdip%pﬁ%{gs?@, (exaggeraed pain-response o a;normally. painful S%M'ugl);codmg

25 - allodynia (sensation of pain caused by a stimulus that is not normally
nuclenQiftie spotitanedud ERSALGR of BT CatiRe § by Aky Hediismtinthe 1nder
condibbsencécwsf anyapparent ektemal influence; npaireevoked by physical

stimuli, such as heat, warmth, cold, 30 pressure, vibration, static or
A gxngmicftouch, or bto,d posture and movement; ;Csomatic and \:/Lisgeral a/

e haim caused by any machaligm, T8 esampl8, tralifia, fectigh; ation  and/or
purl firfrmatation, metabbliediséase, stroke Gronewdlogicaldisease. 23y Paipmprise
formuMay for example-beagute pain, shor-teray painpersistent:nec-ceptivieast  one

. [ istent chronic neuropathic pain. Specific binding member, |
addltggﬁgfmé%%g%gg%g}:s&gkcagﬂgogharm ceutlcgffy acceptgble excipient.

Described herein are compositions containing specific binding members
of the invention, and their wuse in methods of inhibiting oz
neutralising NGF, including methods of treatment of the human or

animal body by therapy.

Specific binding members according to the invention may be used in a
method of treatment or diagnosis of the human or animal body, such as a
method o©of treatment (which may include prophylactic treatment) of a
disease or disorder in a human patient which comprises administering to
said patient an effective amount of a specific binding member of the
invention. Conditions treatable 1in accordance with the present
invention include any in which NGF plays a role, especially pain,
asthma, chronic obstructive pulmonary disease, pulmonary fibrosis, other
diseases of ailrway inflammation, diabetic neurcpathy, HIV, cardiac

arrhythmias, arthritis, psoriasis and cancer.

These and other aspects of the invention are described 1in further

detail below.
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This describes a member of a pair of molecules that have binding
specificity for one another. The members of a specific binding pair may
be naturally derived or wholly or partially synthetically prodaced. one
member of the pair of molecules hagan area on its surface, or a cavity,
which specifically binds to and is therefore complementary to a particula-
spatial and polar organisation of the other member of the pair of
moe,ules. Thus the members of the pair have the property of binding
TERMIgigEEIfiEally to each other. Examples of types of specific binding pairs are
an gen-antibody, biotin-avidin, hormone-hormone receptor,
e 1/00RIoLIgand, enzyme-substrate, "he,, present rive-ton is congermed. .
with antlgen--an%b%dyntype reactions. specﬁlc binding member normaIJ[y
to becimiRisessathoctEife Ravink aRT antifepebindifg Sie. F&r erafipfd ca
featusRecifie hisging sember thay be.aonantibogy melecule. 24r Ik additien ta
ana/cgntinody sequences andlor an antigen-biriding site, aoép&%‘r'ﬁ binding » (53,
member accorémg to the pregent invention may comprise other amino
B andydigisie.@ fotthiRg & peptite dfpSRpep-ideécsuthastatfoidedddmais6in -
to impart to the molecule another functional characteristic in. addition to
ability to bind antigen. Specific binding members of the invention may
carry a detectable label, or may be conjugated to a toxin or a targeting
NGF  (btety*@nrsmes (g oid'a" peplidyFBERIDIKer 26 Bxaniplet a%sgedifie*t
of theindirg epemiberamayocomuise a catahdtic siteyen INGN eazymegdomaimay
be ncdSHELASA atigen binding site, wherein theantigen bindingsite binds
to the antigen andthus targets the catalytic site to the antigen. The
mousecAaftic shEmay iffifsit 6%%5@5‘51%&?0&6?\ Bt & antigent &g 2By toen” -
cleavace. 25 The structure for carrying a CDR or a set of CDRs of the
ner JB¥ENtigNWill, generally be gt an.antibody beavyonlightchain sequence Qfuse

NGF, but NGF from another non-human animal could be used, e.g. non-

NGF

human primate NGF.

Pain
This describes, as is well known in the art, sensation of pain, and
may encompass one or more, or all, of the following:

- hyperalgesia (exaggerated pain response to a normally painful
stimulus);

- allodynia (sensation of pain caused by a stimulus that is not
normally painful);

- spontaneous sensation of pain caused by any mechanism in the
absence of any apparent external influence;

~ pain evoked by physical stimuli, such as heat, warmth, cold,
pressure, vibration, static or dynamic touch, or body posture and
movement;

- somatic and visceral pain caused by any mechanism, for
example, trauma, infection, inflammation, metabolic disease, stroke or

neurological disease.



substantial portion thereof in which the CDR or set of CDRs is located at

a location corresponding to the CDR or set of CDRs of naturally occurring

VH and VL antibody variable domains encoded by rearranged

irsmunogl.obuiin genes. The structuyes and locations of immunoglobulin

variable domains may be determined by reference to rabat, er al., 1987,

and updates thereof, now available on the Internet

Hhttp:/fimmuno. bmenpikedy orfind<'Kabat', -using-anyssearch engingjrsistent
noc: cdintbed molecule, This,describes an immynoglgbplin whethernatura- or

partly or wholly synthetically produced. The -erm also covers any

polypeptide or protein comprising an antibody arigen-b-nding site.
Specifntidodyfragmentsethat comprise an antibody antigen-binding site are
This RMOeGUleSSUEh asnbab, soFv.aFv, gAb, Fd; and diahedi_es,dtis possibie nging
speci 19 42ke monoclonal and other anghodies and use, technigUesof ;oo g paiy

P recombinant DNA tec%no?ogy to pro&ﬁce other antibodies or chimerc © *

may  Pfolegalestthiat Yetaif thEspecificity dithevorigifial aifibball Suchynthetically
produteehniques: mayrpyelve introducing DNA encodingithe immuneglebuln on its

surfac\:@,“alglre r§9'8Qv£r%?/,CDw‘§§i8I a@paenct'ltkol%\éﬁ‘ﬁzheg;? Qgtag(tj rea%%nsi Sor..there fore
constant regions pius framework regions, of'a different irmunoglobniin.

comp lefea irinstance, BTEALEBA 187, SBR-2188638A i EP-AR239900 arf'a ©f the
other largedsady 6f subseguentditeratlre-vAdybridomas oricthercel producinge pair

nave @RIy May besublecttogenets mutafion, oL otherchanges, which: s o«

may or may not alter the binding specificity _of antilgodies produced. As
EYPES 4 Rtibothes cart b midaifidd i afurfiber Gfvays aae 16 antiody~ ~av+an
hormomgolecute’hshouit berdonstruedeas ebverihgrany specific bindingonember.  The
prese®r SUbstancshavungan antibody: antigenhingding, sitg With the redulired; on s .

specificity. Thus, this term covers antibody fragments and derivatives,

including any polypeptide comprising an antibody antigen 26 binding site,
A spsghétier haberdl or Whiollg or partial/.syntisetic.ises a molecule having an
antigen-binding site. For example, a specific binding member may be an

antibody molecule.



Chimeric molecules comprising an antibody antigen-binding site, or

equivalent, fused to another oolypeptide are therefore included. Cloning

and expression of chimeric antibodies are described in EP-A 5 0120694

and EP-A-0125023, and a large body of subsequent literature. Further

techniques available in the art of ah Ibody engineering have made it

possible to isolate human and humanised antibodies. For example,
In adhumamhylridomasecan be-made-as deseribed by Kontermanp & d0.Dubele, 2
f(200113 gha e dn%)lay anothder est bll§ged technlqéje f%e gggrrl'a%g comprise
specific ng ‘members has been escreb&fl ail in many P
other pakligaticHsisiich &s Konferfftans & DEBEZB01y andWO9H01047 such as a
foldeddistussed, further below)mbransgenic mice imwhichithe mouse cantibedy:-+ional

chara&egﬁssﬁa%lra%%mm fyycg@ﬁﬂ' ;efe!;acg%w'tgmrgéﬁ 13800Pody 1 ;155 ng

genes while leaving intact other components of the mouse immune
members@st%?n E&A beuERY fotfisdlating Hdman antbodiesiféndezitt al, 0F may  be
conjuddf®). Syntheticcantibody molecutes may becieated by expressiondram via a

pept 1 JBNES,ZH generated by means of oligorwicleotidss synthesized:and nenper may
assembled Wlthln suitable expression vectors, for example as described

Comprby Khappiketal (200b)or KreBs at Al f‘ﬁlocfﬂzw[f'?asdr?érgﬁ%oﬁﬁ thgts @ an
antigfraghientsrof aswhele amtbedy: canpedormhatie 25 fdnctionseftbindingls to the
antigantigens. E}X@é’npl@&@ébmdmfr%}iﬁgmg&aﬁe (D1the Rab fragments i cen . The
Catah}:onsstl of VL VH lLtar}]i)q_ HI glo ai ShQ the Fd fr men;{consstlng .

tTtﬁei} andac%l—ff%omalns au)?‘n vfragmencf COFISIS ing ofthe Virand? Y
cleavafg domains of a single antibody; (iv) the dAb fragment (Ward, 1989;

McCafferty et al., 1990; Holt of al., 2003), 30 which consists of a VH or a

VL domain; (v) isolated CDR regions; (vi) F(ab’)2 fragments, a bivalent

fragment comprising two linked Fab fragments (vii) single chain Fv

molecules (scFv), wherein a VH domain and a VL domain are linked by a

peptide linker which allows the two domains to associate to form an

antigen binding site (Bird et al., 35 1988; Huston et al., 1988); (viii)

bispecific single chain Fv dimers

speci



27 (PCT/US92/09965) and (ix) "diabodies”, multivalent or multi_specific
fragments constructed by gene fusion (W094/13804; Holliger at all,
1993). Fv, scFv or diabody molecules may be stabilised by the
incorporation of disulphide bridges Ié'r%king the VH and VL domains (Reiter
et all, 1996). antibodies comprising@so_v joined to a 2Y.3 domain may
also be made (Ho et al., 1996). Where bispecific antibodies are to be

The stSedsthesesnay:he conyentionalcbispesdio antibodies, whieh Gaivberion will
nufactured.in a va--ety.of ways. (Holliger & Winter, 1993), e.g.

genera?r% ar%g ch%%mic%ﬂy o?rfr%r%é\él bric gﬁyg[idgr%agé?%rﬁay %egéiﬁy tﬁg(?uence °F

substaidpadifie Aitisoty-fragiiénts” MeAGnéd above. Bxarfplesiofbispeciictocated

at a antieodies ineludedhoseiol; the BITIET"deehralogy:in whichike bifdingturally

occur xdl%?a'{?ﬁ ogltl\éfo ,@ﬂti %%qlﬁﬁoc\fgth\gyfggﬂgs%q&Q% C%pgdlé%edn?ndrea rranged

. directly linked via short flexible pepnides. This combines two antibodies ,
immun iRl GG sHRJIES - rol. P8 p-tide EhaiTt DidBod-EEahd ¥ v thn pEunegiobulin
varialconstiuctechwitheut ere Fearegionnasingonlevanableedomaingapetentially al ..

1987, reduging t@%d%féggts of apt=Agdiotyplg feaction; Sispeoificdiabodies, asnternet
ispeciiic whole antibodigs, gnae/ %Iso be garticularlg useful,

opycsed to €
(httpy e)ééﬂ%nﬁwéﬁfﬂ aR"RE PRI condtructsd “and Bxpressed incor = engnel

E.coli.Diabodies (and many other polyp prides cool- 28 as antibody
ant i piagments) of appropriate binding specificities can be readily selected
. sing phage display (W094/13804) from. libraries. If _one arm of the
This gl%@%%r(jlygiesgto%le l%é%l‘sggﬁzfan%f& ins %1?’1%%% erlt?'nscél rggec?ﬁciﬁlaéﬁe?gtear IWhOlly
synthegaiast NGPriteiradibrary™®8n be itadé Viere the T other drfi igeatiede o
proteand-an@ntibody ef.approprate speciicityr setectedsBispecifie wdale fragments
antibodies may be mad _b% k{]ObS-i to-holes engineering (Ridgeway ef
h - h
Fhat acl(.),m %ﬁ)e Anti %Iﬁ?nlbnoci%g srlltell (()eml'%sraescq?ibeé the part oan molecule ren ee
Fab, ﬂﬁﬁ%ﬁn§§to iSFd; and diabodies.

It is possible to take monoclonal and other antibodies and use
technigques of recombinant DNA technology to produce other antibodies or
chimeric molecules that retain the specivficity of the original
antibody. Such technigues may involve introducing DNA encoding the
immunoglobulin variable region, or the CDRs, of an antibody to the
constant regions, or constant regions plus framework regions, of a
different immunoglobulin. See, for instance, EP-A-184187, GB 2188638A
or EP-A-239400, and a large body of subseguent literature. A hybridoma
or other cell producing an antibody may be subject to genetic mutation
or other changes, which may or may not alter the binding specificity

of antibodies produced.

As antibodies can be modified in a number of ways, the term “antibody
molecule” should be construed as covering any specific binding member
or substance having an antibody antigen-binding site with the required
specificity. Thus, this term covers antibody fragments and

derivatives, including any polypeptide comprising an antibody antigen-
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complementary to all or part of the target antigen. In an antibody

molecule it is referred to as the antibody antigen-binding site, and

comprises the part of the antibody that specifically binds to and is

complementary to all or part. of the tagget antigen. Where an antigen IS is

large, an antibody may only bind to a particular part of the antigen, which
b d_part IS ;Eermeg an epito e. An antibokcliglanti%en-bingi‘na%lsite ma%bg

InAIN\ TdEE by BRESFmIE HittibSdy VATiable Gorhains: Pratefdbiy aht <

Chimegritibody ertigeh-bindingsites comprised advantiiodye lightrchiaia variableor

equivegion (VE) and ap antikedy heavychainiarable: 20 tegion (Midh Srecific
This may be used. to refgr ttg\ the situation gl which one g]embe{)o
ex ntibad b e

, fa
Cloms?p?ecaiﬁc blngﬁegsﬁéﬁnwﬁ’l nG slﬁloevrvléfn3‘71 &gmﬁc%fraltS b?ncﬁng@hs)% mgle%ﬁlgsp B

0120 hertHaR it speééifiesinding partierts). iy tern ssbaisaugpilicadlerature.
where e.g. an antigen-binding site is specific for a particular epitope that

is carried hy a number.of antigens, in which case the specific. bindin
Fur e T1e St Binding Se Wil B Sy o) boad R Ha s have
made \idri pS afigens can gt the BpRbpe 3O 188REE ITRR TR 6 the State
exampayhichhspeeifichiading meamhessiofdbea inventioneunueleioacidknann &
bube ENCRAINY Sysh binding members, will, generally be.in accardance with the
present invention. I1so ated 35 members and isolated nucleic acid will be

geneypdd by sttfstantially frk 29 BfRRatetidl Witk YiicAtRey dethaturdfyatt in
many gssociatedisuehasbdther polypeptides ormueieic @cds)wihaviichzheyo47

(ais eSO in their natural enyirgnment; or the enviropment in, which they
are prepared (e.g. cell cultu%eﬁg when such preparation. is by recombinant

antIG9A §1BEANDISYY Practsed it vith! of iR Yive P RentberPantdstdeidadigar
antibndy befermulatéd with dilugnts oradjuvants andistilkior practicak mouse

immune system, can be used for isolating human antibodies (Mendez et

al., 1997).

Synthetic antibody molecules may be created by expression from genes
generated by means of oligonucleotides synthesized and assembled
within suitable expression vectors, for example as described by

Knappik et al. (2000) or Krebs et al. (2001).

It has been shown that fragments of a whole antibody can perform the
function of binding antigens. Examples of binding fragments are (i)
the Fab fragment consisting of VL, VH, CL and CHl domains; (ii) the Fd
fragment consisting of the VH and CH1 domains; (iii) the Fv fragment
consisting of the VL and VH domains of a single antibody; (iv) the dAb
fragment (Ward, 1989; McCafferty et al., 1990; Holt et al., 2003),
which consists of a VH or a VL domain; (v) isolated CDR regions; (vi)
F(ab')2 fragments, a bivalent fragment comprising two linked Fab
fragments (vii} single chain Fv molecules (scFv), wherein a VH domain
and a VL domain are linked by a peptide linker which allows the two
domains to associate to form an antigen binding site (Bird et al.,

1988; Huston et al., 1988); (viii) bispecific single chain Fv dimers



purposes be isolated - for example the members will normally be mixed

with gelatin or other carriers if used to coat microtitre plates for use in

immunoassays, or will be mixed with pharmaceutically acceptable 10

carriers or diluents when used in diagnosis or therapy. Specific binding

members may be glycosylated, either naturally or by systems of

heterologous eukaryotic cells (e.g. CHO or NSO (ECACC 85110503)
(pcT/ueellscopthey may beilfor exampleiifqrodueed byexpression in@ltispecific
£ zaondlOKAIYONC, Coll Hnolycosylated 15 DETAIED DESCRIPTION Agnafed o, |

above, a specific binding member in accordance with the present
1993) jnverftion preferably nEufanses NOW CFhe detfee towhitirant2ped Dy the
incorm@antiicdy newtralisesINGiis retertsed 40 asnisineutralisingpotency VL domains
(reitd20tENCY is Normally expressedias.an IGR0 value, in M dnless; otherwise, cx3

. stated. IC50 is the median inhibitory concentration of an antibody

domain, B e 5h Rindidnal 488ays, K50 is the’toncentration that 25 reduces

a biological response by 50 % of its maximum. In ligand- binding studies,
Where |g@Qpiéct{l_eigO@%@_@H@HQQSIhQEEGCMP%YG%QF g’z@@@gn@f/ SQe%égnventional
- hrpg.gngal §peci{1§ip bindiqg, IgyeL IC%E) may be cqjculaéed bygolotti_n_gg. o o
PSP Yiological Tesponse (répresented 30 é.g. by calcium ion mobifisation ina “°7°
(HolliplgpPRsagséay: &y sukdival in & -PC12exssa8s dr by profiferatiorin & T hybrid
hybriduelifsration agsay) pe %aspeciic receptor bindingras a funetionQf the loghents
mentioor{cetgee}cigoe\%f.lc bﬁndlrg lrgemobFr CPaneecnlt ltclzonana’tngogﬁm a,lsr(?gtil\lllaree hose of

program such as Prism fGraph ad) to fit a sigmcida function to ﬂ’ue ata
the BiF§enepraenss ¢eh0Values For ERampie as deserietin EXample 2r5igodies
with ot frhetein. 3p=Aispecific hindingememberdnaccordance withhthelipresenthort
r1exiYENtion preferablyinbibits human NGF-eyoked jaracellyarcalgium o416

mobilisation in cells expressing TrkA receptor, e.g. cells 5 recombinantly

POLYPRRSIBCRPith a TAGAGere; TGP fstatice HEK Balls;ons -ructed without an

Fc region, using only. variable domains, potentially reducing the

effects of anti-idiotypic reaction.

Bispecific diabodies, as opposed to bispecific whole antibodies, may
also be particularly useful because they can be readily constructed

and expressed in E.coli. Diabodies (and many other polypeptides such
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In a "FLIPR" calcium mobilisation assay as described in Example 2
herein, a specific binding member according to the invention preferably
has a potency (1C50) for neutralising human NGF of or less than 600,
100, 90, 80, 70, 60, 50, 40, 30, 20 o240 nM. Normally, a 10 specific
binding member of the invention has a potency of 5 nM or less, preferably

% ng/l or less, mgr r?ferab 1nM or Iess In artlcularly treferred
28 Ak e R e %otency%) 5 hikt oF 1835, lengpﬁfﬁenfvf ess 0.3M
readléﬁ/l%%@%ﬂ\ﬂ@rll@@spb@@@l@lrﬁ\mm Ié@@ﬂf&\/w@é@mbmtrmmgamees - If

one aRRGNCH-MmAYbeRRAULQ. 1t6|\/bé|-5<g§@e@6)ﬁm@%@? botwaeR €hik00 pMn o
spec1%11c;5tg n’%%98%]§%0nm<ﬁ%{51%t15%3% th For eéam%\?lef Otgrqc emnafgcg where the

O'ln some
otheregibdifmermsisithenfventisht %ﬁ@%mﬁalmg%féﬁé;@ ofeedigh city
selec@@tﬁnCyBQ@ﬂgﬁ$@dc5mﬁ% bindingonesaberin sdHEKeelbassay@s-into-holes
englneescréllb &Ej;l e|n is abgut } 8t ;@8 nM for human NGF and/or about 2.9

0 6201 Fat NGF. In some embodiments, the neutralizing potency of
potency optimised binding members in HEK cell assays as described 25
Antidkerein aieabeut@.12 to 120nM for human NGF, about 0.11 to 37 nM for

This raaés'ﬂ(éfbé t%b WQ- L1t 71,nM for mouse NGF, flowever, fhese are

examples only and higher potencies may be achieved. Although potency
comp L5Rfimisation tndy bePlis@d 16 dnétate HgHES pdtEndFSpecific Bindfig 1Py
molecmambers frore gegiven speeifictbinding mempesnrit isyalsoonotach¢hatil3@, and

compr1IGLLPRIEN a%ReB'PC@{QdH]&%%@{z’e{%‘ﬂa)é}?eec@%@é%qf‘@ﬂuéé’éth@é”and is

potency optimisation. A specific binding member in accordance with

comp Lsreldrit iMvERtiBh L preferably |ﬂﬁlt§|}f‘$N@ﬁ%&lﬁﬁﬁ&fﬁerufﬁhﬁéﬁrl98dantlgen
is laRP@4.2 eell survivatiy 3babhemeutralising pateney of adpecifiedsinding he

anti g@r@m Qﬁﬁ Qflt@% PE%%”E%MEB’%(H‘ !ﬂ:@g%Clzﬁy ré{!y’@;{}%c—@@yafxgg lhj‘gHaﬂll’ldlng

NGF as described herein in Example 5 is enerally 1500 nM or less, and
site g?%GESmﬂﬁy%ipﬁﬂqu one or more anti ody variable domains.

Preferably, an antibody antigen-binding site comprises an antibody
light chain variable region (VL) and an antibody heavy chain wvariable

region (VH).

Specific

This may be used to refer to the situation in which one member of a
specific binding pair will not show any significant binding to
molecules other than its specific binding partner(s). The term is
also applicable where e.g. an antigen-binding site is specific for a
particular epitope that is carried by a number of antigens, in which
case the specific binding member carrying the antigen-binding site

will be able to bind to the wvarious antigens carrying the epitope.

Isolated

This refers to the state in which specific binding members of the
invention, or nucleic acid encoding such binding members, will
generally be in accordance with the present invention. Isolated

members and isolated nucleic acid will be free or substantially free
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less, or 10 nM or less. As explained above and as demonstrated herein,
potency-optimisation may be used to achieve higher anti-NGF i potencies.
Preferably, a specific binding member has a potency of or less than 5 nM,
4 nM, 3 nM, 2 nM, 1.5 nM, 1 nM or 86 nM. In some embodiments,
potency is about 0.1 nM or more, 0.2 nM or more. Thus, potency may be
between 0.1 or. 0.2 nM and 0.5, 1.5, 5 or 50 nM. 10 In some embodiments
of magPHE nvertion the n&ifraliziry Potet@/ oF a® PoteHcy 8ptiftisBaxpedific™
polypbindidgsmembercireadP ¢ 2dsumival agsayhashdeserised hiereinis abedr
natur:2 10,67 0nMdar human NGE, and is.about ,2,.10 o4 AMfprial NGE, 154

specific bindin% member in accordance with the present invention

(e 9 pisretably inhibits NER-SHRUIAEETESL €81 prolifttalioh e HeutrAlising
technpétency of atspecifié bimdirge niember {aormmalMarpetencyroptimiseld: acid
may bsPesifichinding member] of the present invantionna -l prelifesatieni cal
assay for. human NGF as described herein in Example 6 is 20 geperally 5.
purpoﬁﬁﬂsor?eslss,oprae é%rablyfloﬁl\ﬁ%?lrgss? I—T’reeferrnggﬁ/?ﬁsspém ic. Bin mgy e
with ardmbélr oftheiheentioniay a pdtemeyoftor lkssthahcor 08 ®5a0H45 for
use 18430022 41 M for humanNGh Rakexanaples pateney may de-cptable
carribetwce)en 195 3 le Qméno'gsse-do'lz n%ao'rqg -'%'3OQWhOé9g - 04 gMécOJ{fic
0.05 < 0.5 M. 25 In some embadiments of the mvenUon,%Ké ne@trallzmg

bindiggiafeirera porehty dptiraisessaeifie biding membetih arTpy] systems of
hete rplelfetatienassay as desaribad herernis akout0.08tm 07 redifor fusnanells,
NGFE, about 0.07 to 1.9 nM far rat NGF and about 0.07.to i.4nM_fq .
hey? madP R aM for rat NGE.and 97,191-4nM,for mous
°or t NGF. 30 A s&%ﬁice%ﬁnéaina member in accordance with the presaengt BRPoric
cell)inventiore preféradiy inhibits NGF binding to a TrkA and/or p75 receptor,
preferably a human TrkA and/or p75 receptor. The invention also extends

prra ke generally tg,a specific binding member that 35 preferentially blocks
NGF binding to TrkA receptor over NGF binding to

As noted above, a specific binding member in accordance with the
present invention preferably neutralises NGF. The degree to which an

antibody neutralises NGF is referred to as its neutralising potency.

Potency is normally expressed as an IC50 value, in nM unless otherwise
stated. IC50 is the median inhibitory concentration of an antibody
molecule. In functional assays, IC50 is the concentration that
reduces a biclogical response by 50 % of its maximum. In ligand-
binding studies, IC50 is the concentration that reduces receptor

binding by 50 % of maximal specific binding level.

IC50 may be calculated by plotting % biological response (represented
e.g. by calcium ion mobilisation in a FLIPR assay, by survival in a
PCl2 assay, or by proliferation in a TF-1 proliferation assay) or %
specific receptor binding as a function of the log of the specific
binding member concentration, and using a software program such as
Prism {(GraphPad) to fit a sigmoidal function to the data to generate

IC50 values, for example as described in Example 2, 5, 6 or 9 herein.
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32 p75 receptor. The neutralising potency of a specific binding member
(normally a potency-optimised specific binding member) of the present
invention in a TrkA receptor binding assay as described herein in
Example 9 is generally 2.5 nM or less, preferably 1 nM or less for 5
neutralising human NGF. Preferably, a specific binding member of the
invention has a potency of or less than 0.5, 0.4, 0.3, 0.2, 0.1 or 0.075 nM
for neutralising human NGF binding to TrkA. For example, potency may
A spebe hetweenl Qb rdubaymi0.@oecd:2aMe 0v05k O:BanlprOs6m e Oidwalt oon
preceQ09 7 0.5.8M: 10 The,neytralising.natency. of a:spacific binding member
__(normally a potency-optimised specific binding member) of the present
mObL i Rahtieh it &5 75 TeTepts Biftting %aﬁfeﬁ%‘%ﬁrib%ughe%ﬁ%ﬁ Example
recom®igagénerdlhpl S aM od l@ss preféraidly dend of fess fortaegtraliS§ingets s .
n o MEMaskNGE; Preferably. a specific hinding uember.ofihe inventionhas ,a
gotenc%/ of or I,essbt_han 0.9,0.8,0.7, 0.6, 0.5, 0.4C, O'3H 0.2 or Oﬁl nM for
ReufraliBhg hdman NGEDIREHNG to p75; For éxample,” potdny hiay be
prefepetneen®:la @2teN;0.110.8) n¥L 0. 2o G deiis 0t -10BmVeF -6 less
than B ,20¢5@,rr;]@g3,re§er,re(d<§pegdtic @dndig@,rrmnbgts abgcqczjwiﬁg to hﬁl@rﬁraeﬁpp,t a
Jipvention inhibit NGF (e.qg. human and/qr rat NGF) binding to TrkA
speci S P ERaRy ol NG Bt 10 175 8. B0 HoSncing),
less, smprlfentodinteritstd! specifitsbinding enrtderaithe 251Mvertion Has aln
part ilowerhinding irhibitior eenstant, Kd, farrishibitien-of NSE (8.guhwhaness,
ngd/ar.rat NGF) binding to, TrkA than for, NGF , binding to p75. Ki e
€9 ?ai%u%{earugﬁésthegfg?mnu aSet out in E%arﬁ%leoé £t3?ﬁat(|)\;el}§,' g]iﬁg} ngr
Less.inhiBitisATorstants Bantse ERSrexdernas pKiy whicheanbe caléMated as
-log1cKi. Thus, a 30 specific binding member of the invention preferably

Potenﬁ@sﬂqug§ﬁﬁﬁkeen 0.1-100 nM, 0.1-50 nM, 0.1-10 nM, or 0.1-1.0

herei

nM. For example, potency may be 0.1-5.0 nM, 0.2-5.0 nM, 0.3-5.0 nM,
or 0.3-0.4 nM.

In some embodiments of the invention, the neutralising potency of a
non potency-optimised specific binding member in a HEK cell assay as
described herein is about 1.8 to 560 nM for human NGF and/or about 2.9
to 620 nM for rat NGF. In some embodiments, the neutralizing potency
of potency-optimised binding members in HEK cell assays as described
herein are about 0.12 to 120nM for human NGF, about 0.11 to 37 nM for
rat NGF and about 0.11 to 71 nM for mouse NGF. However, these are
examples only and higher potencies may be achieved. Although potency
optimisation may be used to generate higher potency specific binding
members from a given specific binding member, it is also noted that
high potency specific binding members may be obtained even without

potency optimisation.

A specific binding member in accordance with the present invention
preferably inhibits NGF-maintained serum-deprived PCl2 cell survival.

The neutralising potency of a specific binding member of the present
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value for inhibition of NGF binding to TrkA than to p75. Preferably, a

specific binding member according to the invention binds human NGF

and/or rat NGF with an affinity of or less than 1, 0.8, 0.7, 35 0.6, 0.5, 0.4,

0.3 or 0.2 nM. For example, a specifta binding member 33 may bind

human NGF with an affinity of about 0.25-0.44nM and rat NGF with an

afflnlty of about O 25-0.70 nM As noted above, varlants of antlbody _
invenlitituids Hissiosed fidrai may e 5 ¢ roaucea and ug&d iRt predent - otn
in Exdnyedton. Followingahéveadof @%n@gutb&malfch@mlatrgnﬁﬁm@mng 50 nM or
less ,m%sl;ivwi%{@ @?taliad@alysisrsteggéafsM%w the structure/property-activityq
relationships (W et 1 quantitati e act|V| opert
heremlat?onsﬁwlgg Ofpa%n yodies” can% %Ieerlve usmg weﬁ%negv%n na ngﬁTa%lcaFF
potengehfiques shehads 10 Sftaﬁ@ﬁéalfrje@r@é@@@ﬂoﬁt@%@@d@ﬁlﬁoﬁ%@cy of or
1ess Classifieation (Nefman etial. 21998, Kandeh& Baeker 1995 Kizanomskiome
embo%} 00; Wltten & Prank 1%99 Dgnison (Ed)mgggz f&p more. Thus,

|swanad an). 1he propertles of ant dies can be derived from

potengipitfoal hPfiesEtical modeld- (%oPD%ﬁa}ﬁp@e?anaiyéls of Iﬂ%‘elf?(bdﬁ‘fact

residues or calculated 15 physicochemical property) of antibody

In sSRAUENES, f}n'Q&E'Q”é‘%a{;‘lqeth{%eglc@gﬂs'%%' %té %%%‘E‘Qgt@?é&ncy of a

properties can be considered singly and in com |nat|on An antibody
potenfiga-biHARG SIS composed St 2BVEFBBRTain ard BVE 20™domain i$say as
descfomaediy sbxloopsob polypeptide: dhved fiom thedightnchaimuatiabl®out 0.2
+o sgamain (VL) angthree from the heavy chain variable domain (VII).

Analysis of antibodies of known atomic structure has elucidated

relationships between the sequence and three-dimensional structure of
A spantibodyocombiping:sites (Chothicoetiahcd 382;MAI2%E Lazdamitat allention

prefdS9), These ralatigashbips; implythatexeeptior the,ihikd region,(loop)in
VH domains, binding site loops have one of a small number of main-chain

neut (bt SHRdHBREC ERoNTca SRidthFesS. THEEAHoMERPStFudirE e Fines teney -
optipastculardoopirad beéirshownter) of the present invention in a TF-1

proliferation assay for human NGF as described herein in Example 6 is
generally 5 nM or less, preferably 1 nM or less. Preferably, a
specific binding member of the invention has a potency of or less than
0.7, 0.6, 0.5, 0.45, 0.4, 0.3, 0.2 or 0.1 nM for human NGF. For
example, potency may be between 0.05 - 0.1 nm, 0.05 - 0.2 nM, 0.05 -
0.3 nM, 0.05 - 0.4 nM, or 0.05 - 0.5 nM.

In some embodiments of the invention, the neutralizing potency of a
votency optimised specific binding member in a TF-1 proliferation
assay as described herein is about 0.08 to 0.7nM for human NGF, about

0.07 to 1.9 nM for rat NGF and about 0.07 to 1.4nM for mouse NGF.

A specific binding member in accordance with the present invention
preferably inhibits NGF binding to a TrkA and/or p75 receptor,
preferably a human TrkA and/or p75 receptor. The invention also
extends more generally to a specific binding member that

preferentially blocks NGF binding to TrkA receptor over NGF binding to
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be determined by its size and the presence of certain residues at key 30
sites in both the loop and in framework regions (Chothia at al. and
Al-Lazikani et al., supra). This study of sequence-structure relationship
can be used for prediction of those sesidues in an antibody of known
sequence, but of 35 an unknown three-dimensional structure, which are
important in 34 maintaining the three-dimensional structure of 'its CDR

P75 4G6PR%Hd héhte Hidintain Bifting SFeCiHcity. TheSE prédictiomyian gemoer
(nornadkec wp yncomparisorsef thepredictionstbithe aatput:fromtledte present

inveARWRIZatioN @%Qﬁfiﬂé%%‘ﬁté@ A, SHHEHY %_@M%Qh d@%@gﬁéﬁaﬂet}%fﬁa in
created of the antibody molecule (Chothia, at al. 1986) using any_freely

Examodmitibi8 SteEshimertial packagé stichas AN [itelegy s Redgss tor
neut2006)i v protein Wislialisadtiorf andednalysis seftivare packdige suehas of the

inved BSIGhtL (AcCelenys Gy ok DaeR Views (Gyex & Reitsch, 1997) may . thep

0 O7§3re Dl/jjsgd to evz%luaieé)_ossi le sub%titut%)ns at eagch prros]Lt£0n inF 10 the C[%R.
-O75r i iARSrRSHGA Ty then " BaUs8q fo MaRE Slbstitdichs IiKsly 31V &
potermininsal drcbénaficialeffeeb on Activity, The techniguesequired to nfake M,
0. 05 substifutigns withinpaming agidvsequences of CDRs, antibody VH or. VL
domains and specific binding 15 members generally are available in the
art. Variant sequences may be made, with substitutions that may or may
The nttise predirdedbsire af niinihaf of berefitdarsffecids activityrantly 2
potedestesdhtamabely . shetor hindmndionhewtralise NGF and/pr-fecany othehtion in
esired property..20 Variable domain aming acid sequence variants,of. any
St l  A ER N C e R G
genefpkbih may Bé EmpRied RF&EESRRANCE wWith fHie pfesertcinveritibRe S ing
humadiseussed.r Sartieniar, variaptscmaycinelwde an enefmmoreodmine agidention has

a potERUENGE Alterations,(addjtign, geletion substitutign angjoy insertiongoh,
an 25 amino acid residue), may be less than about 20 ‘alterafions, less
0-1 1Hahcabbtit 15 akérdtbrs 1e8s IRan dheut 20 Hiterdtions 'GHesE AR/

potency may be between 0.1 - 0.2 nM, 0.1 - 0.3 nM, 0.1 - 0.4 nM, 0.1 -
0.5 nM, or 0.1-0.6 nM.

Some preferred specific binding members according to the present
invention inhibit NGF (e.g. human and/or rat NGF) binding to TrkA
receptor preferentially over NGF binding to p75 receptor.
Accordingly, in some embodiments a specific binding member of the
invention has a lower binding inhibition constant, Ki, for inhibition
of NGF (e.g. human and/or rat NGF) binding to TrkA than for NGF
binding to p75. Ki may be calculated using the formula set out in
Example 9. Alternatively, binding inhibition constants can be
expressed as pKi, which can be calculated as ~logpKi. Thus, a
specific binding member of the invention preferably has a higher pKi

value for inhibition of NGF binding to TrkA than to p75.

Preferably, a specific binding member according to the invention binds
human NGF and/or rat NGF with an affinity of or less than 1, 0.8, 0.7,

0.6, 0.5, 0.4, 0.3 or 0.2 nM. For example, a specific binding member
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about 5 alterations, maybe 5, 4, 3, 2 or 1. Alterations may be made in one
or more framework regions and/or one or more CDRs. 30 Preferably
alterations do not result in loss of function, so a specific binding member
comprising a thus-altered amino acid sequence preferably retains an
ability to bind and/or neutralise NGF. More preferably, it retains the same
quantitative binding and/or neutralising ability as a specific binding
may hatherrrwiich the 35 aiérdioht fs/n6f nidttél'e.§: a3 Medsiifedtifl &7t NCF
with assayfdesdribed herbinit3D .Most prefenably, the specific binding member
comprising a thus-altered amino acid sequence has an improved ability to
bind or neutralise NGF. Alteration may comprise replacing one or mare
Bs nofifihG Rt resian&WItE 224 MOI-HAMHAR SECIMITY OF RohSEhdSIESamiAGY ¢
prodigeid, motlifiseg oe bhempreamino acihtasidue iRt anomnatoralhead of
comp QG HRG 0T RRA-SIaRdard, form, \arnSerting ene; ek mereRonnatLally
coen2CCUIMN ortnon-standggrd a{mlno acgd lntotthe, sequence. Preferred Wold. et
R BarS And R cAlibRS OF aiRFaliohs Th Sequehces st e Mvention are + ©
al. desttibetielselitrare 0dvarein INanatyGocurrihgtaming aeids incladebodies
can BBed( istandasdnd wamineacids-identfied 85G, Aok olid¥, Pudn Ws S,
st SR S At GG Sy G ootie (A Ay b Lon (Tornan

et aincorpttatedditded pelypeptitle Badkboke vrresaltfromOvodifidation of dfrank,

1999 eXisting amined}5 agid resiciues Nanstandardiaamino acis payheties of

anc1 RAMEIVGECTING. o o fialrally. oeeutting, Geveral naurally pequtring . .,
non-standard amino acids are known in ﬁme art, such as 4-lhy roxyproline,

examBl gy droRyEsite o3-métRAlistieliie CN-a6st/iiEme ete2 {ybet BeVoet,

phys ﬂ&gﬁ_)eih@ese amine acid re5id¢m&ﬂstai§arsed@révai?§e¢ahmei§rﬁQQaatphalree~

aineROSIAN vl QO bedocaled atdbe Nitgmings of 80.AMINOAEd o SeLHeOER

Normally in the present invention an amino acid is an ~- amino acid, but in
and gy raTEMBadiEnts it may be a c-amino acid. Alteration may therefore
comprise modifying an i, amino acid into, or

An antibody antigen-binding site composed of a VH domain and a VL
domain is formed by six loops of polypeptide: three from the light
chain variable domain (VL) and three from the heavy chain variable
domain (VH). Analysis of antibodies of known atomic structure has
elucidated relationships between the sequence and three~dimensional
structure of antibody combining sites (Chothia et al. 1992; aAl-
Lazikani, et al. 1997). These relationships imply that, except for
the third region (loop) in VH domains, binding site loops have one of
a small number of main-chain conformations: canonical structures.

The canonical structure formed in a particular loop has been shown to
be determined by its size and the presence of certain residues at key
sites in both the loop and in framework regions (Chothia et al. and

Al-Lazikani et al., supra).

This study of sequence-structure relationship can be used for
prediction of those residues in an antibody of known seguence, but of

an unknown three-dimensional structure, which are important in
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replacing it with, a D-amino acid. Methylated, acetylated and/or. 25
phosphorylated forms of amino acids are also known, and amino acids in
the present invention may be subject to such modification. Amino acid
sequences in antibody domains ana gpecific binding members of the
invention may comprise non-natural or non-standard amino acids 30
described above. In some embodiments non-standard amino acids (e.g.

mainthigdiifo HIdSP RS BENRBSISGAted friteaH Emitlo A& SEGuéReB MUty
hence Syathesis pwhilednrethesembodiments the sonsstandardaminaacids mayked

up by PEIREoduced by modification or replacement qf the ‘origipal”) standard

_~amino acids after synthesis of the amino acid sequence. 35 36 Use of
op timpi e B rdNGR on-nBtufally Getimihy afis ils RchEases °=» P°
creatstructurahandhfurtstibnaldiversity, aridbcan dhus ineréase® &lae poténtiakfor

free1299@1’@@&%'-&%%9@1%%@ Utralising, PHERertiQs 10 & sBgCificrees,
inding member of the invention. 5 Additionally, c-amino acids and

2000) Anafodiied iale HESA SHEWN 16 HAVE BrterditarmassRinetiRysotiss Such @s
Insiggonmiparetiowithestandatdd.-anvinol&cids Y owindesin VivBddgradatib?Padd may
then POIYRERIIdE,shavinglsaming: agidss afier administration 40 an gpimak.dk0 in

on CAs notrlgg,abov%, a CE)R amino acid sefa%uenc%s%bstar};tiallg/ as tset oyt
© “RBrein'i Preterabiy TatiBd ey a COR i ahiihan ahfiBody Variabie — o™

1ikelgohvaiheorea subbtantal portiomeferedf ThE IYCDRE seguences
substantially as set out herein represent preferred embodiments of the

e «BIgSEN! nventionand itis preferred, that each of these s carred.ag 15,
h Inanu an%eavy cﬁaln variable aomaln ora su%s?antlal pOI’t'IOI’]
sequegiisraot.fVGARBle doridirdreiiployed in dsEdrivention ey Befdktdmed b

membedgriyedeffrom any-geunaline ot searrangedhumanyyaiahle demain:es may be

made, 0§82Q Sy0thetic variable domain based on gonsensus of a6al ; nave a
seguences o known human varable domains. A CD sequence of the

minimmWéﬁﬁOW@ﬁ?Q?Cial effect on activity, and tested for ability to

bind and/or neutralise NGF and/or for any other desired property.

Variable domain amino acid sequence variants of any of the VH and VL
domains whose sequences are specifically disclosed herein may be
employed in accordance with the present invention, as discussed.
Particular variants may include one or more amino acid sequence
alterations (addition, deletion, substitution and/or insertion of an
amino acid residue), may be less than about 20 alterations, less than
about 15 alterations, less than about 10 alterations or less than
about 5 alterations, maybe 5, 4, 3, 2 or 1. Alterations may be made

in one or more framework regions and/or one or more CDRs.

Preferably alterations do not result in loss of function, so a
specific binding member comprising a thus-altered aminoc acid sequence
preferably retains an ability to bind and/or neutralise NGF. More
preferably, it retains the same quantitative binding and/or
neutralising ability as a specific binding member in which the

alteration is not made, e.g. as measured in an assay described herein.
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CDR3) may be introduced into a repertoire of variable domains lacking a
CDR (e.g. CDR3), using recombinant DNA technology. 25 For example,
Marks et al. (1992) describe methods of producing repertoires of antibody
variable domains in which consensusjrimers directed at or adjacent to
the 5' end of the variable domain area are used in conjunction with
consensus primers to the third framework region of human VH genes to
Most REUidE A% He?ﬁerf&?e FVH VaFidbi8 30" ofiTaIRs TacRify 4 THRS M &t o=
aning| afurtheredeseribetiow dhisimepertoiteatmblibe combined withre CDRBigk NGF.
a particular antibody. Using analogous techniques, the CDR3-derived
A1 1o SQUENces of the Present invention may bre shuffled with re towes(i? sith
or VL ‘domaitis faéelqng aafﬂ)??s and the s%u?fleaglcomp er or VE
a nopjgraiigédmbined witha 35 cogmaeaVEorVrrdomals 16 provitie gpeeifiens or
more Dinding membess ofdbe 3idavantion-Thedepertoice-may-then be displayethdard
form|n a suitable host System %uch as the phag lqlspla system of of
W082101647 o any of a su sequenﬁarge bo erat |ncnl‘u
aming Af \Wirter® tWI%G&ﬂ@ﬁ?%iQQG)’rsé?ﬁéﬁéuﬂa@Féesﬁeéiﬁé Hiﬁﬁﬁ‘f@lons Of
altefﬁeﬁlﬂlﬁ’smayetaﬁle&&%@@t@@ Arepertaire: may s@asastsaﬁcfmmj a@yﬁajmgere
from | indivi aI members upwards for té) 10’ or

herein. at ura occ ur[g amdino a01o?xan1§]8lf Han% F stan agfd" L-
members. Othef _suitable Rost systems inclu e yeast spa , bacteria -

amingjigsiays ldﬁ%biéyeﬁbésoﬁﬁe Gisplay and'cotfalefkt disply. AnafoegdusQ: ¥+ Cs
K, RrRshuffling ar spmbinatorialdechniguas.are alse tisclosed by Stemmeindard
ammélgg%sw@l‘?cq%%%“%?zt'&%ﬁ%‘ih'}'gé’fd@ere!ﬁ%”ﬁ%% fz ﬁ?&%@@é@a%‘&e into a

but observes that the ‘approach may be used for the generation of
PO lYRivhibbidfte S 2R bRiHe roditermative |§]i81béff?é’ﬁa§é‘”r?o‘§ﬂe‘?1¥/l—cf%ra\ﬂ F8gign g amino
acid casyinigeCDRederved seqliencescokihalnventicreusingararidomoccurring or

non-MYIAENESIS Of one of mase selested, Vi S9r YL-9eneRJo.geNeral8 ya ra

mutations within the entire variable domain. Such a technique is

aminQeReHbRdhY Gratetd. (DY) - whit'(8ed r?oPﬁP&ﬁéﬁEﬁlﬂ%re?erred

hydrembodimentsionetdyytWg stidine, N-acetylserine, etc. (Voet & Voet,

8 standard

1995). Those amino acid residues that are derivatised at their N-
alpha position will only be located at the N-terminus of an amino~acid
sequence. Normally in the present invention an amino acid is an »-
amino acid, but in some embodiments it may be a b-amino acid.
Alteration may therefore comprise modifying an L-amino acid into, ozx
replacing it with, a b-amino acid. Methylated, acetylated and/or
phosphorylated forms of amino acids are also known, and amino acids in

the present invention may be subject to such modification.

Amino acid sequences in antibody domains and specific binding members
of the invention may comprise non-natural or non-standard amino acids
described above. In some embodiments non-standard amino acids (e.qg.
D-amino acids) may be incorporated into an amino acid sequence during
synthesis, while in other embodiments the non-standard amino acids may
be introduced by modification or replacement of the "original"

standard amino acids after synthesis of the amino acid sequence.
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amino acid substitutions are made within a set of HCDRs and/or LCDRs.
Another method that may be used is to direct mutagenesis to CDR
regions of WE or VL genes. Such techniques are disclosed "--y Bl-b-as e
a.i. (1994) and Schier et al . (1996) Al the above-described techniques
are known as such in the art and the skilled person will be able use such
techniques to provide specific binding members of the invention using
Use ofpitife fféthidifctogiid the ar - &t artiblody aRtigenBinaihg sitd Sigetific
increfasdNGitandr.gesimayibeuabtainedibyl avmethog comprising pradding:byase
the pWRYAfadditign, Jdgletion, substitytion @t inge:1ien.af ong lmere Ay

acids in the amino acid sequence of a 36 VH domain set out herein a VH
PLOP Y riain Whith“i8r Ahfind acidR Sebitiehte Variaht of THEVH Yomain,
Additdembliing thexvHhdomamsthusdprovidedwithhere dranoreMwdomainsye

pettANGLasting he MEIVL combination.op combinations npddentify a.specific: as,
. binding member or an antibody antigen-binding site specific for NSF
OWing hfger afid BptBREAY Wittt "orté P S préfsiTed propertes preter sy
afterghifityito petralice NGEractivirtglSaid VL domain may have an amino
acid sequence which is substantially as set out herein. An analogous

method may be emeIo%ed in Whigh one or more sequence, variants of a
As nq&ﬁd above?,. a CD i]lno acl segﬁe%Fe.%ubst ntiallwy ﬁs set .out
domain disclosed herein are combined with one or “more*VH domains.

hereilp 4 preferfed ®Brhbodimehtd 252 A50PR- 1 domAIN(SE QIVIROI92) fridyl e
doma iRE cSUjestte mutation. i -previderane &f mote Orndemain amikne-aesid

sequence variants, optionally combined with 1252A5 VL (S D NO:
e A Rt S e R e
presgmpriserativast e Hirees CDR fregions HoyetRecvithfthigiese is carried as

a HCDR3 in a human heavy chain variable domain or a substantial

portion thereof.

Variable domains employed in the invention may be obtained or derived
from any germ-line or rearranged human variable domain, or may be a
synthetic variable domain based on consensus or actual sequences of
known human variable domains. A CDR sequence of the invention (e.g.
CDR3) may be introduced into a repertoire of variable domains lacking

a CDR (e.g. CDR3), using recombinant DNA technology.

For example, Marks et al. (1992) describe methods of producing
repertoires of antibody variable domains in which consensus primers
directed at or adjacent to the 5' end of the variable domain area are
used in conjunction with consensus primers to the third framework
region of human VH genes to provide a repertoire of VH variable
domains lacking a CDR3. Marks et al. further describe how this
repertoire may be combined with a CDR3 of a particular antibody.

Using analogous techniques, the CDR3-derived sequences of the present
invention may be shuffled with repertoires of VH or VL domains lacking
a CDR3, and the shuffled complete VH or VL domains combined with a

cognate VL or VH domain to provide specific binding members of the



intervening framework regions. Preferably, the portion will also include at

least about 501, of either or both of the firs- and fourth framework

regions, the 50% being the C-terminal 50% of the first framework region

and the N-terminal 501 of the fourth.framework region. Additional

residues at the N-terminal or C-terminal end of the substantial part of the

variable domain may be those not normally assoc-ated with naturally
invenocceurringriariatslecdomaire regions.hiear lexanmiple legrstruction ofispecifie host
systerpmgﬁ@ﬂ n}fsmtﬁ{é %ﬁﬁ%&r%%%lé@Ve@Q@e%‘a@% b%@%‘?ﬁtﬁ@@m@?'\‘éﬂy of a

techniques may result in the introduction of N- or C-terminal residues

h ,
subsedibded By fifkers® Hirodiiced to fadiitaté clonth brOther miipulalibRter &
McCaf gtaps. Othetc manipulation steps-iricledetheintiaductioniofy .makersto may be
selecﬂ@ﬁk9QAV@@@Q%%QQB@mﬂ§§ﬁég§§D¥§ng@nﬁQ$HQh%&E§ﬂ§”E§%Hu?@Cgﬁdividual
membejlcrgcl%dl‘ggg constan regions, o{r@@r varla%@ domall%sm(fcr)nrenelbxample

ntibo
in the” pr(])f ﬁétiofr?%f ﬁéﬁ%@.ees) or detectableffunctional labelsBe oers-  Other

sultakliscusséd irsirfdreidetdil elseifhereaserei Specific Bindirrimembersoky,  T7
displiRe presepbiavention may fdrthetcemprisesantibody constant regions or

‘parts thereof, preferably Truman antibody constant. regions or parts

thereof. Tc- example, a V domain may be attached at its C-terminal end
AnalogeahtipodyHgRecHin CCotstant torhainss helbdileg hakan €556r, @pclosed by

stemméehal.nNs; preferably chains: i5emi ady, aspecifiehinding meme:r basedons  p-

VH domain may be_attached at its C-tern'-nal end to all or part (e.g. a__
laCta%ﬁ? dgr%%?n)%%gano%snrlﬁ%sg obkfj i% hte%a%y cHain ?:lcc-i-?riivénda1 ¥ror%|gan1§/£e<9 For tne
generaptipbdyi..$6types €165 1gG, IgA., IgE and IgM and any of the isoty-oe

sub-classes, particularly 41 1gGi and IgG4. 1gG4 is preferred. 19G4 is
A fur@ﬁaef?rrggtg?ﬁg"é%%ét dlosestonoéebrllrge%gtoﬁn%lg\%%m\ﬂpdoq:p%n%%%ﬁ%aﬁse carrying
effector functions. Any synthetic or other constant region variant that has
CDR”d$ﬁé§§?wé68Hﬁ§§eS of the invention using random mutagenesis of one
or more selected VH and/or VL genes to generate mutations within the
entire variable domain. Such a technique is described by Gram et al.
(1982), who used error-prone PCR. In preferred embodiments one or two

amino acid substitutions are made within a set of HCDRs and/or LCDRs.

Another method that may be used is to direct mutagenesis to CDR
regions of VH or VL genes. Such techniques are disclosed by Barbas

et al. (1994) and Schier et al. (19%6).

All the above-described techniques are known as such in the art and
the skilled person will be able to use such techniques to provide
specific binding members of the invention using routine methodology in

the art.

An antibody antigen-binding site specific for NGF antigen, may be
obtained by a method comprising providing by way of addition,
deleticn, substitution or insertion of one or more amino acids in the

amino acid seguence of a



and stab'-sizes variable regions is also preferred for use in embodiments
of the present invention. Specific binding members of the invention may
be labelled with a detectable or functional label. Detectable labels include
radiolabels such as t311 or 49Tc, W@igh may be attached to antibodies of
the invention using conventional chemistry known in the art of antibody
merging. Labels also include enzyme labels such as hors radish
VH doperoxidase.dabelsfistherdncludesghemical moieties ssuchasdighn that quence
variaq]é’iyot}e QﬁéeQ}?d&@%?ﬁmeotxgbal SPI?QC Ifl‘&ag ogh a%e dgtlenc—é'ggée. mr%lgt){:ied with
e.g. _abelled avidin. Specific binding --erdce*_s of the present ihvention.
one  gre désigned to BEPIRsEin nfdtAods ot diagnokiscor teatmenttihivmancn o
combianimak subjectsgprefefably hupam. Accordingly, furtheraspests afithentibody
antig@%ﬂfﬂjﬁr _V'Q?n@aéiﬁgé‘i‘%%caﬁoPO'N‘@?S'HQ%&8@95&?5‘90%%%%1_13/ with
specific binding member, and use of such a specific binding member |r ,
one %ﬁenrlr?gﬁufgft %Sﬁeadm%a?@aerﬁg?ff ’foPﬁﬁﬁﬁﬁ%}Prhizioﬁ?Fo]rje%éénFﬂe ffgrralise
NGE  ampeiiod of mdkdng aVinedicamentiar pharmaceuticalhcorposi-zieguence which
is sueemprising formulating thecspegifi¢,, binding member with a
pharmaceutically acceptable excipient. --inical indications in which an
anti-IMF antibody may be used to provide therapeutic benefit include
An  anggipgasthnie GHreniea pbsieuctivel pulatoniry diseaise opalmonang fibrosisjuence
varia@ﬁhﬁ‘_" Qi;:se@S%_otj@fHé(\z@V i@j_él_@m@&ioﬂeg@i@tigf@a&%&ﬁ/eért@ﬁigﬁ’ one or
Hore %or:ass,. csardlac arr?aythm.ias, HIV and cancer. As already exrlained,
=nti réatment. is indicated for all these diseases. 42 Anti-NGF
treatment may be given orally, by injection (for example, subcutaneously,
N intra¥enously, ingra eritoneal or intramuscularly), bg/ inhalation, by the
2 jRfravesictiarT8uts tihetiiation Titothe Urial - Bladder), oF tdficatly ¢or may be
subjegkaniple intradcular, trapasal,dectahs into wourdsVen skim.iThergute acid
seque@badministiation cap bedetermingdhvined with 125225 VL (SEQ ID NO:
397) .



by the physicochemical characteristics of the treatment, by special

considerations for the disease or by the requirement to optimise efficacy

or to minimise side-effects. 10 It is envisaged that anti-NGF treatment will

not be restricted to use in the clinic;Therefore, subcutaneous injection

using a needle free device is also preferred. Combination treatments may

be used to provide significant synergistic 15 effects, particularly the
A suceninaton gfcan amti-NGF specificbindingmemberaitiebhe oxmarén  will
comp:Qher drugs; Aspecificbinding. member according to thepresent invention . ;
, may. be prfovid{eld in com@bination or addition tg short or long acting ; '
e S higESic ARt A ARDry  nti- alférgic “aRt Asthimatic® ahtifibrotid, -+ #15°
inclugntiviral lehematherapeltic 20 agehts and ilmunotherapedtic agemts. fourth
frame@@dﬁ;bi%@i!’bggam%%@t with one pﬁ@nﬁfgeshgﬂ%@ﬂqnagaqctim%ar@me@?@s first

and/or anti-inflammatory agents, suc opjQids and_non-steroid anti-
e aTon Arub INSATDS), k) b amployed for frSatdAtoF 25  X1vors
regigonditiohs eharscterizéd Biepaintaridier ihffsrhidtioh fof exapspleinal end of
the giieurmatoid artaritts oF post-susgicab painichatibodies efdherpresemtt normally
assoclﬁé{gggonﬂg%ﬂ a'ﬁ%her%'f‘?? Ino%%%?f@%gonxygghiaegwéas%%gir? ntlfe_”ieor ISC.’ For

or anti-fibrotic therapies, such as inhaled beta adrenoceptor agonists,
SXaMRdia roidd Y tEKiNE  AhtagonisEE 6 dttter ovet 30 tisiEpRttic approagheyesent
inverfor treatment obasthmeagrailengictasthirha, tethier altesgic cenditicns;lor any  the
intr&Qnditign characierized,by abpormal fibrosis; Apfihodies of the prg§enﬁinkers
, invention may also be used in combination with anti-infective agents, for
Intr o Shple antiviral agents fortheeatment 3tHIVIRfELtGH, S5 43 s~ Other
manimgdeordance Wity the presenttinvetionp composition’s piovided rmaydein

administered to individuals. Administration is preferably in a

"therapeutically effective amount", this being sufficient to show



benefit to a patient. Such benefit may be at least amelioration of at 5 least

one symptom. The actual amount administered, and rate and time- course

of administration, will depend on the nature and severity of what is being

treated. Prescription of treatment, e;g. decisions on dosage etc, is within

the responsibility of general practitioners and other medical doctors, and

may depend on the severity of the symptoms 10 and/or progression of a
variagiseaseobeiny trestedt Wpproprizité duses of ARIBOGY are WéR khowrs fences
inclutheart;see begermana elral. (1891)bapd Bagshawe (1:9%h) Speeificns  (for
< xamggsages indcated erein, or 1 the, Ehysician's Desk Refarence (3003.85,..,

appropriate for the type of medicament being aamlnlstere , may be used.
labelp theradpéaticany 15 effedtive'ahfountorstitabre d6s€ of a specific binding

member of the invention can be determined by comparing its in vitro

spec:3GWVityand;in, vivo.aclivily in,an animal modgl. Methods fqr.extrapglatian, . e »

of effective dosages in mice and other test animals to humans are known.
COMPIAG TR hrécisd dOSE Will tepehtPiifonia Rimiber offattors, nditahag -y Humar
antibwhethertheantibedyds fordiagnosis trdfoedrieatment, thexsizesand VL domain
nay |Qcation of the area tq be treated,the precisg nature of the anfibady €. 9enain

whole antibody, fra%m,ent ar diabody), and the nature of any_ etect bIeh ,
consY3Bel 67 BthEr mdfectiid AitatAEd 16 the antibady. A°25 tpicai Antibody <"+
Sinildade’ wilkbesivethe fFandel 100G 0 Tayifsrsystentic applicationsicard g tvay be
attackug for topicat applicatians <hypieally. the, antibedy wilkhe 2 whol@iomain) of

._antibody, preferably the IgG4 isptype. This is a dose for. a single

S e e ol S
19G, childten af@finfams, andlalscadjusted 30°for othér artisGay fornfaiyintasses,
partiproportion to molecular weight. Treatments may be repeated at daily,

twice-weekly, weekly or monthly intervals, at the discretion of the

physician. In preferred embodiments of the present invention, treatment is

periodic, and the period between administrations is about two weeks or
more, preferably 44



about three weeks or more, more preferably about four weeks or more, or
about once a month. In other preferred embodiments of the invention,
treatment may be given before, and/or after surgery, and more preferably,
may be administered or applied diggctly at the 5 anatomical site of surgical
treatment. Specific binding members of the present invention will usually
be administered in the form of a pharmaceutical composition, which may
IgGl comprsesat least ohe compenent in atigition ¢o thre Specific biandinge 10t does
not Bl%@b%mm%ﬁ@ﬁ‘@r@ﬁ&e%@ CHERF’OéF!:S%H,% a@@f@%@ tﬂ%@% Any
invention, and for use in accordance with the present invention, may x
SYRthEgmhiprigs, M addifichTo™Adtve gredight: & phartiacéitically accaptabis —<°
and 5 extipient carsier abuffer rstabiliser dreothidrmaterialsoweliknowa teise  in

embodheseskilleddnthe ade Such matelials should be non-toxic and should not
interfere with the efficacy of the active ingredient. The precise nature of
the carrier or other material will depend on the route of administration,
specifhich may beloratrdeby injéctiore e JrZ0umtrayvendus PPharmhacegical+ th 2
detef@iﬁ?@smgﬁs f%i%{&mmistra&h@@may be i tableip capsule;powdernciude
. liquid or semi-solid; form. Adablet may, comprise a. solid carrier .
v2ct fBkin orin achivant. Liuid phaaseLtual 35 Sorhpasiions gonaran " °°
the GOTRISE licTiErCarErsiser aewatec pBlrdléum, 'diiifial dfvebetabfg © ©F
ant 110H8y minesaliel or synthetic ©il. :Pbysioclagicalsalisezsalationaidextroseion  as

hors&fQSF saccharide solution or glyepls such as ethyleng glygol, Rropyleng e« e

~glycol or polyethylene glycol may be included. 30 For intravenous .
such inasttih o hjetlioh al'the st of affichion, theactiveingfedicnt dill BE i ¢
cognihe formeoftalparenteratly acceptablebagledusvsalution which is

pyrogen-free and has suitable pH, isotonicity and stability. Those of

relevant skill in the art are , ‘ .
Specific binding members of the present invention are designed to be

used in methods of diagnosis or treatment in human or animal

subjects, preferably human.

Accordingly, further aspects of the invention provide pharmaceutical
compositions comprising such a specific binding member, and use of
such a specific binding member in the manufacture of a medicament
for administration, for example in a method of making a medicament
or pharmaceutical composition comprising formulating the specific

binding member with a pharmaceutically acceptable excipient.

Clinical indications in which an anti-NGF antibody may be used to
provide therapeutic benefit include pain, asthma, chronic
obstructive pulmonary disease, pulmonary fibrosis, other diseases of
alirway inflammation, diabetic neuropathy, arthritis, psoriasis,
cardiac arrhythmias, HIV and cancer. As already explained, anti-NGF

treatment is indicated for all these diseases.
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35 well able to prepare suitable solutions using, for example, isotonic
venicles such as Sodium Chloride injection, Ringer's Injection, Lac-hated
Ringer's In-ection. Preservatives, stabilisers, buffers, antioxidants and/or
other additives may be included, as #equired. A composition may be
administered alone or in combination with other treatments, either
. simultaneously or secuentially dependent upon the condition to be
Ant 1 ittt GEERE BiRding nfemBers ot the pradehfifientiSh A&y paramete:
subcfopamepuated indiguidesens-solidior selid formsddpendingtontihecularly), by
inhawsiﬁ?ct@rrﬂ%l 9?9%%§@§i@\}b§m%@éle(@ﬁ@éﬁ@fgg%%gf i_qi@lévecraz? urinary
ormulations may. include excipients, ar combinations of excipients, for
12 ol SIS B S A P TS Lo TR e
into inelyeitsa witeskdmge of Brtiborlytcorvdentiatiohs arrk v, Selidbe determined
by tHerpuia-icasmeay he produced byilye; ox ilisatian, SREaY YNG9 dpaBgal
cons £:SupercHitical fluid teghnlogy, for example, Formulatians of anti:NGE
will c?epené upon the intended route of dyéﬁverﬁl%or example, formulations
et fiqarputhobary delivers niagcc6Asize BF particles with physical properties
that ensure penetration into the deep lung upon inhalation; topical
e s foumylations, mayinglyde, yiscosity modifving,a0en's. WERRIOA09" o use
the time that the E{rug IS resident at the site of action. In certain
in thembbdiments, the Sperific BRfOIRgRRNTher AR Beprepared Wit g le free
devicartier shabwill qreteetthe specific binding member against rapid release,
such as a controlled release formulation, including implants, transdernal
patches, and -aicroencapsu-‘ated delivery systems. Biodegradable, o
Combifigedipatitie Puimerstarbe ised, Sudh A& ethy B vinyf dtletate e pot Stic
effe@hydrides; puyglycplictacidoobiagenppobOrinoestets;Naard spelyladtic binding
menb&€i¢ Many,meshods, for the prepargtion of siich; farmylations are known to

those skilled in the art. See, e.g., Robinson, 1978. The present invention

accoiﬁégﬁkﬁfaﬁﬁﬁﬂ%ﬁf%Eﬁﬁpﬁ&ﬁﬁﬁ&%iﬁn@%%'be provided in combination or

addition to short or long acting analgesic, anti-inflammatory, anti-
allergic, anti-asthmatic, anti-fibrotic, antiviral, chemotherapeutic

agents and immunotherapeutic agents.

Combination treatment with one or more short or long acting analgesics
and/or anti-inflammatory agents, such as opioids and non-steroid anti-
inflammatory drugs (NSAIDs), may be employed for treatment of
conditions characterized by pain and/or inflammation for example
rheumatoid arthritis or post-surgical pain. Antibodies of the present
invention can also be used in combination with anti-asthma, anti-
allergic, or anti-fibrotic therapies, such as inhaled beta
adrenoceptor agonists, steroids, cytokine antagonists, or other novel
therapeutic approaches for treatment of asthma, allergic asthma,
other allergic conditions, or any condition characterized by abnormal
fibrosis. Antibodies of the present invention may also be used in
combination with anti-infective agents, for example antiviral agents

for the treatment of HIV infection.



10

15

20

25

30

allowing binding of a specific binding member as _orovided herein to NSF
C_6 J,-, vitro, for example in ELISA, Western blotting,
immunocytochemistry, immuno-precipitation, affinity chromatography, or
cell based assays such as a TF-1 agsay. The nountt o' binding of specific
binding member to NSF -.ay be determined. Quan:tltation may be related
to the amour'. of Tine anticren in a test sample, which may be of
In acqpgfiistr itéfestPA SEESHR hinaHTT Membet BrRatiiody ndeetigied may be
adminaeeenthag e amyagpecticr. enmodinentefithenpresentdnivention can be
nene RIOMIABAIN G KiteIn.5UCh a kit the Spegific Dinding membear.oraptibody,,
molecule may be labelled to allow its reactivity -n a sample to be
benefgdierthined? &Y as descibBaTaftherelof? CImpotEntd s Bk dreon ©f at
leastgenerallynstenle anddn=sgaled viatsior othiericontadrers. Kitsimaarbeand time-
cours2Mployed in diagnestic analysis r.athergpethads, for which, antibedy: «y of
molecules are useful. A kit ma,~ contain instructions for use of tho,
what &5 aishi TR ffbthodt 5T ahetRod in Hecdrdshte Wit thé pragshps oo
dosadaventioni Anciltainmateriatsstoassist L it or ¢ epabie perforanhgt sochrs and
othex‘ﬂ%‘&@@a@%{cﬁ&ml}dggdﬂggﬁ ééﬂ%rilzh%ga@}tﬂ ti@ér%&@@ﬂibggi%@ ymptoms
sample may be determined by an appro riate -means. A
and/ 9 Risimanoaldsay (RIATIEdhe possbility S RadioactvRI3beliEantiges °F
antikigdmixecewithidnlabetlediantigenathe’ testsane)rand aloveed to WiAd toand
Bagsﬁslvee_eanti%dg-.hBoyﬁgca@tig?adgggaysipﬁéiyc,s@d&rbam(f@mhmbqugd?e
antigen and the amount o ctive antigen bhound to the antibo
2 R 6 Rt B orE PR oAr Shmile hijesr” ©f
medi qeihodctive antigdniwi-H thirfdlto The ditibotRA A cOnipetiirebindingassay
effedPayalspdigused with Aencragdisactiveanijgen, tising atigen @&@ker of the
naloguae Iirﬂ)keo(lit orter rFoIecuIe. The reporter molecule mgy

. Qre beca a i
mve%uﬁ@?oc r%mg, p%oesrp oreor a%e?o(?feaﬁfﬁgspectréﬁzy i‘éﬁét%é" 3 s‘c’ﬁp or?rcl)r 0

vivo @ffsigidy in an animal model. Methods for extrapolation of

effective dosages in mice and other test animals to humans are known.

The precise dose will depend upon a number of factors, including
whether the antibody is for diagnosis or for treatment, the size and
location of the area to be treated, the precise nature of the antibody
(e.g. whole antibody, fragment or diabody), and the nature of any
detectable label or other molecule attached to the antibody. A
typical antibody dose will be in the range 100ug to 1 g for systemic

applications, and lpg to Img for topical applications. Typically, the
antibody will be a whole antibody, preferably the IgG4 isotype. This
is a dose fpr a single treatment of an adult patient, which may be
proportionally adjusted for children and infants, and also adjusted
for other antibody formats in proportion to molecular weight.
Treatments may be repeated at daily, twice-weekly, weekly or monthly
intervals, at the discretion of the physician. In preferred
embodiments of the present invention, treatment is periodic, and the

period between administrations is about two weeks or more, preferably
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characteristics. Suitable flucrochromes include fluorescein, rhodamine,
phycoerythrin and lexas Rec. Suitable chromogenic dyes include
daninobenzidine. 47 Other reporters include macromolecular colloidal
particles or particulate material suchtés latex beads that are coloured,
magnetic or paramagnetic, and biologically or chemically active agents
avouing),gan 5 directly or indirectly Ceausreegg}:%%?b'%gk%”a' 9 b%gie%?s?‘”fYr ore,
observed, eisec?ronlcaﬁy detécted br othérwist recorded:. These” ofecules

or akpay bereAzynies) Whickicatdhpse readtions thardevelop; 6t ehange
inveCOIQMIS @r-eause:changes i glectricak prapsriiasa for-examplesukley Mayind
nore N5 Tlecularly excitable, such,that slectionic ransiions 10 beween,,
nergy state< result in characteristic spectré)lpzpfbsorptlons or emissions.
anatglgpmalirlede Themical entiti®seSeéd in conjunction with biosensors.
Biotin/avidin or biotin/streptavidin and alkaline phosphatase detection

spec SYSICSMAY PG sBloyed: 15, The signals generated by individual, , , 4
_anti.body-reporter conjugates may be used to derive quanti iable 2 solute

adminy TERIRE datd BF tHe Televant BRABBAYDBIhAMTY i SARTPIES (ABrA &y may

comptest. Thelpresensirventipoadan provides the-use ofthspepHici Binding n2@ng

nempdi€mber as above for measuring antigen levels in a competition assay,

that is to say a method of measuring the level of antigen in a sample by
employing a specific binding member as provided by the present
Thus iprenticre#naicempetitionsassay.sT hiscnayibeg wherenthepphysical invention,
and SgParation of hound from ynhoung antigen.isnatreguired, LiBking.a.23 1 se, in
reporter molecule to the specific binding member so that a physical or

addibiial Bnahige Sedird s bindindfis R possibifit The F&06HEP Mdlecule
excipiay directlycreinditectljegenetate ideteetable, ande preferably hseasurabteown

to t§&f@|§kﬂﬂ§ellﬁ@gecﬁé r%@@ﬂ”éﬂ%‘@%&%ﬁl@lsb%%@ﬁﬁ%@ M@&E%c and
cgvalentl, , e.g. via avpetptlde bond or non 30 covalently. Linkage via a

should not int fer?) ith the ?f¥1cacy of the active ingredient. The
péptide bond may be as a result o

precise nature of the carrier or other material will depend on the
route of administration, which may be oral, or by injection, e.qg.

intravenous.

Pharmaceutical compositions for oral administration may be in tablet,
capsule, powder, liquid or semi-solid form. A tablet may comprise a
solid carrier such as gelatin or an adjuvant. Liquid pharmaceutical
compositions generally comprise a liquid carrier such as water,
petroleum, animal or vegetable oils, mineral oil or synthetic oil.
Physiological saline solution, dextrose or other saccharide solution
or glycols such as ethylene glycol, propylene glycol or polyethylene
glycol may be included. »

For intravenous injection, or injection at the site of affliction, the
active ingredient will be in the form of a parenterally acceptable
aqueous solution which is pyrogen-free and has suitable pH,
isotonicity and stability. Those of relevant skill in the art are

well able to prepare suitable solutions using, for example, isotonic



recombinant expression of a gene fusion encoding antibody and reporter
molecule. 46 the present invention also provides for measuring levels of
antigen directly, by emuloying a specific binding member according to the
invention for example it a biosensoy_system. The mode of determining
binding is not a feature of the presént invention and those skill in the art
are able to choose a citable mode according to -heir preference and
vehigeneral knowledgecompetitionhetween p=adiific, membess meay e ection,
Lacc 330¥e easlly In -l Jor example By aaqing.a specllly [epUel malaeile -,
0 one binding member which can be detected i the presence of other
antiqitdated binding RSBl bidabrriddrifitafion G spédifit WiRdity' -
members which bind the same epitope or an overlapping epitope.

A comcp%@%gg%&f}ayb%e determined. for example using EL LA J0 Whigh NGE 1o,
s immo h

mobilised to a plate and a first tagged b. inding member along wi..t 1
treagifg bf mére-Ofer UMtahuEtF Bitditg The FUBIETS Huded (1 Flate vPon the
condPrésence dfanuatagged binding member that competes with the tagged
binding member is observed by a decrease in the signal emitted by the
. tagged binding member. Inftesting for ccmnetition peptide fragment of the. ced
pechntigeRimay e "EMpISTed, edpEciaiy AP eptide Htudng 6r coisisfing ™2t
in essentidlly ofsaniepitdpe of interestcAipeptide traving theepitope on  the
ohys Seguence plus oneermaere amino agids at-eitherend may bedised:Spe  of
deli\?-l]* cf %gl?nﬁlf%t{nggnbrengs ac;l%oggl[lr(ll% 10 t}beigr%snetnst Invoentigg m:@{abcelons of
Stch thattheir |n8|ng for%mtlgen iS inhibite be a péptlée wnﬁbor

exciiricluting e SequUBRce gVERTesi. YHforthis: dPepligle WA 3REpnTs . Liquid
formSEHUENEE RIS OREIQMQIEAmING-asids mAayhe used; 4dncentrations and
pH. solid formulations may be produced by lyophilisation, spray
drying, or drying by supercritical fluid technology, for example.
Formulations of anti-NGF will depend upon the intended route of
delivery: for example, formulations for pulmonary delivery may
consist of 9particles with physical ©properties that ensure
penetraﬁion into the deep lung upon inhalation; topical formulations
may include viscosity modifying agents, which prolong the time that
the drug is resident at the site of action. In certain embodiments,
the specific binding member may be prepared with a carrier that will
protect the specific binding member against rapid release, such as a
controlled release formulation, including implants, transdermal
patches, and microencapsulated delivery systems. Biodegradable,
biocompatible polymers can be used, such as ethylene vinyl acetate,
polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and
polylactic acid. Many methods for the preparation of such
formulations are known to those skilled in the art. See, e.g9.,

Robinson, 1978.

The present invention provides a method comprising causing or
allowing binding of a specific binding member as provided herein to
NGF



Specific binding members that hind a specific peptide may be isolated for
example from a phage display library by panning with the peptide(s). 5
The present invention further provides an isolated nucleic acid encoding a
specific binding member of the _present invention. Nucleic acid may
include DNA and/or RNA. In a preferred aspect, the present invention
provides a nucleic acid that codes for a CDR or set of CDRs or VH

in vigemdinorevemiomaincriadtibody asitien-birding Sie oraRtibedyoryenistry,

immunﬁﬂﬂﬁggkpﬂ%éhfﬂﬁa/Cﬁﬂg£iﬁ,thhﬁﬂﬁMgﬁH@Béﬁthﬁnﬁﬂ akave. pERed assays
such ggese%lpi/egstlsgan qlso provides constructs in the form of plasmids,
veciaors, transcrlp\{ion or expression cassettes which comprise at least one
poiynucleotide as above. i5 The present invention also provides a
The #ecambinant hostcelthat cempriseis-onei atmaye constructs@as aboveny be

detergyﬁ!se& acid encoding .any CDPR or. set,of CDRs or VH domainer ML, antigen

‘ omain or antibody antigen- binding site or antibody molecule, e.g. scFv

in a ppayEAEs Hrovited! 265 dIf fotms B A8p&tt of the prédent invention, as
does a method of production of the encoded product, which method

A sp&8mr§e§%§§5'%n%%@ e&QOQJHQi%(H?'C%pemﬁrgfoéc%ég@ﬁﬂonto any
may conveniently be achieved by culturing under appropriate condijtions

25PeCla OMBTRART MBSt Teelis coMtaiRing e ndelere e F%lll%w}ﬁ?g brodiction 1 @

kit. byexpression25a VkEosWcdonmainkiod specificbinding neerhber tiaydbecule

may H@Ohaégg_l@é@{/osiopé!_g_ﬂ@g %%@g@%%@%@? E@Q@}%@%@t{j@nﬂés%@ d$etermined,
apprqpriate, ecific binding members, VH and/or VL. domains, and _

©-9- é%godgﬁﬁ %lubcﬁé?cﬁéaﬁl renroléggﬁ% 'andé eiengt%r}g%%%o?ﬁé té{ %e é{pﬁgs.e%etl’le rally

sterijhvertioh may e 30srovidedSsofdtedahtifor pafifiedn el from thélp may be

emplRaturalh eavirgnment: innsubstantially pure«sr homoegeneaus fornt,cor, ihtibody

noledhE. case of nucleic acid, free %@ubc%tgygiﬁuvggeset%%ﬂs{g agid Ol of the

genes of%ri%m other than the sequence encoding a polypeptide with the
compoRftiifed-furfctidht Nidclei-&cid adtordty to'tHeprasertce With the present

invention. Ancillary materials to assist in or to enable performing

such a method may be included within a kit.

The reactivities of antibodies in a sample may be determined by any
appropriate means. Radioimmunoassay  (RIA) is one possibility.
Radioactive labelled antigen is mixed with unlabelled antigen (the
test sample) and allowed to bind to the antibody. Bound antigen 1is
physically separated from unbound antigen and the amount of
radiocactive antigen bound to the antibody determined. The more
antigen there is in the test sample the less radiocactive antigen will
bind to the antibody. A competitive binding assay may also be used
with non-radicactive antigen, using antigen or an analogue linked to
a reporter molecule. The reporter molecule may be a Ifluorochrome,
phosphor or laser dye with spectrally isolated absorption or emission
characteristics. Suitable fluorochromes include fluorescein,

rhodamine, phycoerythrin and Texas Red. Suitable chromogenic dyes

include diaminobenzidine.
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synthetic. Reference to a nucleotide sequence as set out herein
encompasses a DNA molecule with the specified sequence, and
encompasses a RNA molecule with ‘the specified sequence in which U is
substituted for T, unless context requires otherwise. 5 Systems for cloning
and expression of a po.'_ypeptide in a variety of different host cells are
orne-Ehknqun. Suitable hoet cells lngluds, bacteria, mammalian cels, plant
célid yeas];[ and baculovirus systems™ and transgenic fﬁan s and animals.
partiThéadpreasion of aptibodies anteroaribody fragaientsdhprokarysagnetic
or paGelsimwellestablisbedindheaart, kar amemiew, 1see for-example Rlicktun can
direddBPB: %85“@8@%@5%@?’ e%%tg»{'aég‘eoséi's £ £0ll Bxpregsionin
euP(/aryotlc cells in cliltire is also available to those 15 skilled in the art as

obse ryg OptRFFforrotiictioh GFAPRFC binditfyF Mémber F6F exampleehadd
mo 1 e o& KeRamow {2004 },yABdersen & Keaaunese( 2002+ darsickng T hmasop, or

chan (§%@oﬁ4%”g@a@%&gguéﬁgﬁﬁégaQ%bgﬁEEQ¥i@Qlﬁgf%§¥¥%§¥¥‘OES& example.

eterologous polypeptide include Chinese hamster ovary (CHO) cells,
They mayaells RamsteF kidiméy eell§ U RIS Ohbuse T hBlafohta zelis -ors
be twe¥B2/0 ¢atymyelamss cellsuhuman ensbryonic kidniey eels;t halmabhsorptions or

emi s SOPLYyonig refina cells and many.qthers. Suitable yectars gan 9&?n3§%@on

Con or constructed, containing appropriate regulatory sequences, mg ucilggl_
with GlRGIdEquencas; RIMNaidt 25 Jatiietted! poRfaddniiationd 2+katine
phosgegquenrces,tentiancerssegarncesy markengenesi and other sequences as

appropriate. Vectors may be plasmids e.g. phagemid, or viral e.g. ‘phage,

The 2Sap ropriate. Iior further de,ta,ilg see, for example, Sambrook & Rugsell

© SL)® MERY KON 1EchRfUES" S BROtGEIY ToF Ridnipalstich 6P RLGTeiE="
be usgcldtfordexamplai 0L frefdratiopsofi nteleic actd eoastrudts;a of the
relevRHlagEREsIS) SEQUEACING 1 intaduetion of PNA inta gellsand gene

expression, and analysis of

The present invention also provides the use of a specific binding
member as above for measuring antigen levels in a competition assay,
that is to say a method of measuring the level of antigen in a sample
by employing a specific binding member as provided by the present
invention in a competition assay. This may be where the physical
separation of bound from unbound antigen is not required. Linking a
reporter molecule to the specific binding member so that a physical ox
optical change occurs on binding is one possibility. The reporter
molecule may directly or indirectly generate detectable, and
preferably measurable, signals. The linkage of reporter molecules may
be directly or indirectly, covalently, e.g. via a peptide bond or non-
covalently. Linkage via a peptide bond may be as a result of
recombinant expression of a gene fusion encoding antibody and reporter

molecule.



proteins, are described in detail in Ausubel et all, 1988 and Ausubel et al.,
1999. 51 Thus, a further aspect of the present invention provides a host
cell containing nucleic acid as disclosed herein. Such a host cell may be
in vitro and may be in culture. Suchyg host cell may be in vivo. In vivo
presence of the host cell may allow intracellular expression of 5 the
specific binding members of the present invention as "intrabodies" or
The pirtrgcdliularaitibodies Irtraboridsivraybe used Tor geneltherapy. oA stillitigen
di rectutheraspeebpreavides a methodreamprisingrigtraduging SHERCPUEIRIC to the
inven@Siini0 & ost,gall The infodyction may employ any 10 available
tec%nique. For eu aryotic ceﬁs, suitable é/chnques may include calcium
phosphate transfection, DEAE-Dextran, electroporation,

The dliResome-mpediated-iransfestion and fransductign ysing Fetroyirus.gr othelsen:

inven YITUs, .9, Ve ccinia ar, {cir insgct gglls, b%culoviru%l Introdu%ing nucleicw bl
Ve eid inthe HOSEEelt inpartictlar a eukaryotic-15 cefl midy G383 Viral SFa-aP1e
mode  plasraid based system PThégslasasidasysternaiayl benmdintained

episomally or may incorporated into the host cell or into an artificial

CompeSNIOMOSOME; lncorporation may e either by, random or tardeted, ;.

) d
integration of one or more copies at ssl’néq%yorbrﬁulﬁspfeaﬁggi. oSer'“e%f:terlaI‘ .
for e Suitable t@8hnlfued nay ihéiitle EReHRT 20 chierdearasforhtatiohding
menbeeleciraporatiem anc trarsfection using tactesiophage: The introguctiomtagged

bina: Y Re-followed by causing,or allqwing expression from the nucleic agid,
e.g. by culturing host cells under conditions 25 for expression of the gene.

membens SRR bdim et tha RGclfc AeRFofthe?mveREibh a8 Mty rafed o the

genome (e.g. chromosome) of the host cell. Integration may be promoted

compeRY iNclusion. ofisequences;that promote, recombination with the 30 i cn wer
.. s Jenome, in a%cordance with standard .techm@ues. ‘Ijh% prgsent mvthlon )
S TEE provides & metHod tiat 2mptises Using g9 ©inding member along

with one or more other untagged binding members 1is added to the
plate. Presence of an untagged binding member that competes with the
tagged binding member is observed by a decrease in the signal emitted

by the tagged binding member.

In testing for competition a peptide fragment of the antigen may be
employed, especially a peptide including or consisting essentially of
an epitope of interest. A peptide having the epitope sequence plus
one or more amino acids at either end may be used. Specific binding
members according to the present invention may be such that their
binding for antigen is inhibited by a peptide with or including the
seguence given. In testing for this, a peptide with either sequence

plus one or more amino acids may be used.
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construct as stated above in an expression system in order to express a

specific binding member or polypeptide as above. 35 52 Aspects and

embodiments of the present invention will now be illustrated, by way of

example, with reference to the followifng experimentation and the

accompanying drawings, in which: 5 Figure 1 shows

concentration-inhibition curves for antibodg neutralisation of human
SpeciEiGure TRy B TR RIgUre"EB) NIGE ift tHR® fitimi&n HFR A e distdr Raucdidim =<
for emebilisatibrrassayheumman Gy NGFE rantibodieswerecomparadavith the
pept L@mmercial NGF antibodies G1131, Mab5260Z, and MAB256 for

inhibition of intracellular calcium 10 mobilisation evoked by 1nM NGF.

Data points indicate results from a single experiment and are mean sd of
The priplieate deterntinatiohisforesaehoatitissdy coheentiatidnFigais 2asticvs
encodihipitionof intraceilularicalciwnypebilisatinn - dS-HEK293eells . Nudcleic

. . recombinant--y ressing t uman TrkA receptor. Potency-qptimise

i e Lo e S luetBTor M CH O e b SRa ™
inverdyi PRVP ROFI&NS TFRgiYec2 A crat (Rig e 2By CdRE Aouse (Dlyure 2C)F NG FCDRs
or viDatanpaints indicatexesults fremma sigles expesimenhandareimea: sehefibody

triplicate determinations for ea 0 antibody.concentration. Figure 3

1ecRUCATE GEIEL of each Y ayon.hiaye 3

1O Shows the mﬁln%llt%r?%f ect fﬁumanelglclﬁel\?d:ogntl Soglaeleslfﬁectihe PCI2
cell survival assay. Cell survival was maintained by the presence of 1nM

The pwrmandNGH riglse &A)mrpsabhdﬁl%iFigw&&BﬁBgﬁal Zaﬂ@_dﬂmaie mean
plasmrhlor tplicate, de%%ﬁ@&!@?@%@%?% a single experiment. Figure 4, shows

inhibition of NGF-mediated TF-1 cell proliferation by germline and
comP G gRmiifieShuffdh RIGUNEE ahtibodies, 2a7d the reference 30 NGF
antibody, MAB256. Cells were stimulated with 200pM human NGF (Figure

The #VsEALNGE{Figure 4B),0r mouse NGF (Fighie 4¢)-Dala: ce11 that
comprises one or more constructs as above. A nucleic acid encoding
any CDR or set of CDRs or VH domain or VL domain or antibody antigen-
binding site or antibody molecule, e.g. scFv or IgG4 as provided,
itself forms an aspect of the present invention, as does a method of
production of the encoded product, which method comprises expression
from encoding nucleic acid therefor. Expression may conveniently be
achieved by culturing under appropriate conditions recombinant host
cells containing the nucleic acid. Following production by expression
a VH or VL domain, or specific binding member may be isolated and/or

purified using any suitable technique, then used as appropriate.

Specific binding members, VH and/or VL domains, and encoding nucleic
acid molecules and vectors according to the present invention may be
provided isoclated and/or purified, e.g. from their natural
environment, in substantially pure or homogeneous form, or, in the
case of nucleic acid, free or substantially free of nucleic acid or
genes of origin other than the sequence encoding a polypeptide with
the required function. Nucleic acid according to the present

invention may comprise DNA or RNA and may be wholly or partially
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represent the mean sem of triplicate determinations from a single
experiment. 53 Figure 5 shows the lack of cross-reactivity of the human
IgG4 NGF antibody 1252A5 with the neurotrophins BDNF, NT-3 and
NT-4. 100ng neurotrophin was adsorbed per well. Each data point
represents the mean ad of triplicate determinations from a single

syntHRRNIMeNt s rigure & shawsisaluration bindingcuvesforimadein
"51-NGF binding to_the human IgG4 NGF antibodies 1252A5 (Figure 6A)

enconpeg BT152P5 (Fights YoB) "Calt Uibfe FRYVAILRS &2 HbHM &1 0.37nM,
encomespectivel\REnd.ake cthee resiih of assingte ekperinteu d0-Figuren shiows 1s
substSatyration binding.cuaes fardet-Nekubinding ta.the buman 1IgG4 NGF
antibodies 1252A5 (Figure 7A) and G1152H5 (Figure 7B). Calculated Kd
values are 0.44nM and 0.50nM, respectively, and are the result of a
Systegifigleoexpefinient. IBFRjtress shows Eonceptrafiontdepentent irtibition of
di £ £ afdmmanstFigure 8A)-orvat (Figuse8B) 4I:NGFE hinding te-dTkKA receptake

fusion roteiq,. Y hunﬂanl CE4 Qr refﬂence antiQodi%s. The foncentratio
b AT - 4 I3 A b
aCteoﬁlr%dlérﬁ%%%?leha NGF msea%h assay well was approximately 150pM. Data

and YxaEethe 20 #856ltUIA Sigle Bxperithént*8&& aidd TabledB-afgdtes and

antiddgure Sashewsscancentsatien-tapendantintibitieniofluman: rigure 9Ahe

are. O (Eigure; 98) 123-NGF binding ton7R rerentor fysion pratein, by,
human IgG4 or reference antibodies. The concentration of radiolabelled

prefog iR EAc Astay welf was pproximately 150pM. Data indicate the
result of a single experiment. See also Tables 8 and 9. Figure 10 shows

exprdQsestelated inbinition of carragegpansndyced thermal yperalgesiaing g qe
~_ the mouse, 48h after systemic administration of the 30 human 1gG4

Skll%ﬁﬂFkﬂSﬁ?iZ@§A§§ an option for production of a specific binding
member for example Chadd & Chamow (2001), Andersen & Krummen (2002),
Larrick & Thomas (2001). Mammalian cell lines available in the art
for expression of a heterologous polypeptide include Chinese hamster
ovary (CHO) cells, Hela cells, baby hamster kidney cells, NSO mouse
melanoma cells, YB2/0 rat myeloma cells, human embryonic kidney cells,

human embryonic retina cells and many others.

Suitable vectors can be chosen or constructed, containing appropriate
regulatory sequences, including promoter sequences, terminator
sequences, polyadenylation sequences, enhancer sequences, marker genes
and other sequences as appropriate. Vectors may be plasmids e.g.
phagemid, or viral e.g. 'phage, as appropriate. For further details
see, for example, Sambrook & Russell (2001). Many known techniques
and protocols for manipulation of nucleic acid, for example in
preparation of nucleic acid constructs, mutagenesis, sequencing,
introduction of DNA into cells and gene expression, and analysis of
proteins, are described in detail in Ausubel et al., 1988 and Ausubel

et al., 1999.
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54 EXAMPLE 1 Isolation of anti-NGF scfv ScFv antibody repertoire 5

Three large single chain Fv (scFv) human antibody libraries cloned into a

phagemid vector, were used for selections. The libraries were derived

from (A) spleen lymphocytes (Hutchings, 2001), (B) a combination of

peripheral blood lymphocytes, tonsil B cells and bone marrow B cells

(Vaughan et al., 1996) and (C) the light chains and VH 10 CDR3 regions
Thus, of ALESIFIBIACBSHIRS the frameworR SFthel DPAT- germikevheady tHaRt cell
contaSelectionof stEvathe phaga selection pracadure uset wasessentially@sy be

in vi9€3c0REd R, 15-HYIChings, supra..aekv that tecognised NGEwere, ; o, 1,

~isolated from phage display libraries in a series of selection cycles on
vive Rufvan shdfat NGECfT bfiet 'ufimb dified antigertwas coaedtoPreng on of
the shMaxisarb tubesnhagewerednctbated escthie antigen ina total volure@fies”

or 1n?0QPd10L 10 PUAL 1@ WASNING {Q.remave Unhornd phageBeund,phadene rapy .

were then 20 rescued as described by Vaughan et al., supra and the
selection process repeated. To assist the isolation of human/rodent
A stig¢doss:reactivesscior altenvatécrounds:ohsélestiopnere performed omthesuch

nuclkeSRRClYe gsciesisoforms of NGk, A maxmin Qf fous JOURES &f any
selection was performed with any one library using, this alternating 25

avallaltSSRIBLHER stratehy SEiheY Hurfiahr it PNGEIbEre TSR a8 fife ™Y
incluipitialedntigen fop firstabentrseletiohs o OUIPAS: froex roands 2-4aperporation,

1ipospriaritisedforhiechemical scraening hasedonthepercantagefovirus or
NG,F-sgecific clones isolated ang (}Qe, SOsequenff diversi%gg these

othe clones: The éré’gﬁt%b%lgf RI@F-specllﬁlg ConeSWay dERFMiRed iR Each
Introdase by phageiELSAISegueheediversia) was eetamhired by BNArkaryotic
cell s@quaBeing.-Rhage ELISAPLRIRCOIbased system. The plasmid system may
be maintained episomally or may incorporated into the host cell or
into an artificial chromosome. Incorporation may be either by random
or targeted integration of one or more copies at single or multiple
loci. For bacterial cells, suitable techniques may include calcium
chloride transformation, electroporation and transfection using

bacteriophage.

The introduction may be followed by causing or allowing expression
from the nucleic acid, e.g. by culturing host cells under conditions

for expression of the gene.

In one embodiment, the nucleic acid of the invention is integrated
into the genome {(e.g. chromosome) of the host cell. Integration may be
promoted by inclusion of sequences that promote recombination with the

genome, in accordance with standard techniques.

The present invention also provides a method that comprises using a
construct as stated above in an expression system in order to express

a specific binding member or polypeptide as above.
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35 Cultures of phage transduced bacteria were prepared in Iml 2xTY
medium containing 100g/ml ampicillin and 50g/ml kanamycin with
shaking at 55 30C for 16h. Phage supernatant was prepared by
centrifugation of the culture (10 min% 3000rpm) and blocking with 3%
w/v milk powder in PBS for Ih. Blocked phage were then added to plates

Aspe@gg\/%%@%g@%{tg @q/nggéa %%9\5 Ir{%@é’r@“@}mtwleﬁ F?!@%P%éé"ere

_ washed 5 between each step with three rinses in PBS-Tween 20 (0.1%
LU R FoflowRd B ¥hite ARSBRIAPEBSIBARTE PRaGE Wwerd tetdetetPlynd
expe inowbation avith horseéradish perexidase ERPYant-M13 wonjiigate
(Amersham UK) diluted 1:5000 in 3% wi/v milk powder PBS for |h, and

. developed by incubation with tetramethylbenzidine (TMB) substrate 10
FLIU8idma) < e QBiSHimBd teactit Was Sopived Sftef Un aBprépiidte
neut pefiotk by addifngrGusat stiBluurie abhd. Absorzence ieadingsBiers faken tae
huma AP, Cleags whichikaund specifically: totheantigenwere Jidentified as

- haying a signal on the antigen greater than or equal to 5x that on the
antll?r?elle(%an‘f%%tigcé)ﬁ?pfg f%\lﬂ%gqgﬁg%c?no BUDIE Stranded DNR T RThiSte for
Mab 5 3agitienting &S obtdinedibp PCRioh seFviasingtheprimersalcium

mob i FRXRETSE Q24K TG T THeFT ThCAGACKHETAGH: « SEQ IR NO: 53N 4
nd PUCr.evergea(ﬁéBCGGATAAEA@TZ}'_C%@E:A&C):AG% - SEQ ID NO: 535).

SRI%D ExBess primer and ANTBS From the primary PCR Were removed using — <

each MasHERSENEgEINIiERBi&st-96 well PCR plates (Millipore) according to
the manufacturer's recommendations. VH genes were sequenced with

riguPlmerlseg (%IJJ%?GHCF&M%&UT%@%C§'§91'Pm'\‘ﬁ%ig§§§%-a\é'zon in
genes were sequencea with pnmerﬁ/? eq 10

HEK{(BT CPHET CAGAPERG TIT FIErSEG 1D NO® 25'537) Tr4éh Feaersar: -
Potemiyturiercontaiaed 20-40ngEld N3 b 20pr ol prianerv angs4kBiggbyeinhibition

of rér%g}l@@@e%s%&“BQ”%%’?’F%%?&?rg%igxﬁ)ei”z%’?'%% ?E%%re 28)jcand

Seclrglj.encmg reactions consisted of 25 cycles of 96C 10s; 50C, Bs; 6
mousg it EHfipfes WEFE rulPaAd RNl Sed Bh- A KppifsL ts from a single

experiment and are mean * sd of triplicate determinations for each

antibody concentration.

Figure 3 shows the inhibitory effect of human IgG4 NGF antibodies in
the PCl2 cell survival assay. Cell survival was maintained by the
presence of 1nM human NGF (Figure 3A) or rat NGF (Figure 3B). Data
indicate mean t sd for triplicate determinations from a single

experiment.

Figure 4 shows inhibition of NGF-mediated TF-1 cell proliferation by
germline and non~germline human IgG4 NGF antibodies, and the reference
NGF antibody, MAB256. Cells were stimulated with 200pM human NGF
(Figure 4A), rat NGF (Figure 4B), or mouse NGF (Figure 4C). Data
represent the mean % sem of triplicate determinations from a single

experiment.
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Biosystems 3700 DNA Analyser. Areas of ambiguity were analysed 30
manually using Continuity software developed in-house (Cambridge
Antibody Technology, UK) and SeqEd DNA sequence manipulation
software (Applied Biosystems, UK)556 Biochemical screen for
NGF-neutralising scF'v The output from the phage selection process was
, further screened to identi%/ clones that inhibited NGF binding%to a TrkA
FLOULpe 2 pidtOBtracsl. 1HaF domalit fifsion Broteilt 5¥Criibe S2kv 84Mpled 964 NCF
antibogre preparedyfiom pehiplasmicdysatedsiosE.BBNFTGNTbacterid NT-4. 100ng

neuroliahsiected yithseleetediphage fareavaluation inthe bHipding assaeMURE  the
nean Maﬁsgr 9r6~W?H (pali%tesd\évgre conqatgd overg%ht Ve\(itg‘ huinean }'{I’rk@igneecrclagtor
N Extraceliular domain ?usmneﬁ%]teln iﬁ@i) yslflems; Tbgcoat?nﬁ © )
concentration; human NGF assay, 0.25nM; rat NGF assay, InM). Assay
rigurplatesmere washedwith BBadihyeen 2R dleskedfarndh @singdi®binding to
bovine umin.(BSA) in nd washed in, Sck es, .
the hv%?g ;)lf(%ecl!r?c&éak?e& ?gﬁ %%Li%swig nh%hﬂ(r%\%%ugre ra%f%écgrrﬁ%ir%lalrﬁlt% %%Né gue
6B) . (R&D3ystRnks) MlorBSKeSAmpIaY viefe fransidtred aiRPESHivae Of OBl are
the rtsdbrassay platesandineuhated-for 60m.in at room temperature. Plates
were washed and NGF that remained bound to the plates was labelled
using 0.3g/ml of either anti-human NGF biotin (Peprotech) or anti-rat NGF
Fiurgiglir fRED SYEIEME] eUBA T 19 BSAS FolfGWwedBy indubtfor fgding to
the h60al.N gtroockrtempetatite s Biotindabeied anti-NGF svas detectesl usingure
7e) . 040G RELIAWalAC) ime rsqluad duprescanse dSIECONIYSIEN: ana are

Briefly, plates were washed and 100l streptavidin Eu" added to each well,
the T8iitted 2006 it DELEIR 35555 Vuffer. Plates were incubated for a
further 60 min at room temperature and washed with DELFIA wash

ri gurBUberfollowed by.additiop0f00., RELFIA enhapcement sollion 0,29« ga)

each well. Plates were read using a Wallac Victor fluorimetric plate reader

or rafeyditdiditwitlengiH ST 4Rm eiisdion WAl e hGiR Br5ms ton protein, by

human IgG4 or reference antibodies. The concentration of radiolabelled
NGF in each assay well was approximately 150pM. Data indicate the

result of a single experiment. See also Tables 6 and 7.

Figure 9 shows concentration-dependant inhibition of human (Figure 9A)
or rat (Figure 9B) '**I-NGF binding to p75 receptor fusion protein, by

human IgG4 or reference antibodies. The concentration of radiolabelled
NGF in each assay well was approximately 150pM. Data indicate the

result of a single experiment. See also Tables 8 and 9.

Figure 10 shows dose-related inhibition of carrageenan-induced thermal
hyperalgesia in the mouse, 48h after systemic administration of the

human IgG4 anti-NGF, 1252A5.
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Clones that inhibited both human and rat NGF binding by more than 70%
as periplasmic lysate scFv preparations were re-evaluated as purified 30
scFv in the binding assay. Purified scFv preparations were prepared as
described in Example 3 of W001/66784. Protein concentrations of purified
scFv preparations were determined using the BCA method (Pierce) .
181? assay highlighted the following scFv antibodies that were 57 potent

Isolgg%@l|§§r§9gp%gn and rat NGF binding to the human TrkA receptor
extracellular domain fusion protein: 1064F8 (VH SEQ ID NO: 2; VL SEQ

scrvig ID NO 7), 5 1022E3 (VH SEQ ID NO: 12; VL SEQ ID NO: 17), 1083H4

rhre (TSR Blﬁ'%@esﬂ B any (OH B BNG Y SERT NG, SiAned

into mlmeswﬂdsmwwo*%? VESSEEPID NOS 573016 1038FB (9F SEQ IPere
deriNQ: 626V (BEQ IDNO 161 kG33R2 (Mt SEQJD, N@i072;, VIESES 1D

comleQa'tZQ‘l %9%4&%9&(5&%QJPOQ‘QS%%hXEX%EQ D NQ: 873, %“%}Oﬂlflblone

2, VL SE 5 EXAMPLE 2 Expression of
it TG4 RO A I Vit AHTORl SalCAToR e chasne and v
CDR3 Nfsh4neutralfSingjpoteneyd ThetNGH:aettratising 8ChY 1064E241022E3] ine
heav%og;?g% 1021ES5, 1033G9, 20 1016A8, 1028F8, 1033B2, 1024C4, and
057F11 were reformatted as human IgG4 antibodies and assayed for
NGF neutralising potency in a whole- cell assay system. IgG conversion
Sele2bMectofs svere constructed for the most potent scFv clones to allow re-
The pRkpesssionsass whblemmishdy hupeah 196 4 essehtiallyasdesedbeding in
HutcPersis, etalo (1994 BVAR 93 eelis neaintained isreonditionesimeditimhage
disp gelc%transé%ctlerg Wlth | constructs e >ipresis(|)rrllgg§gyg and Il}gml ggaéql 4 rat
NGF. In brief, unmodified antigen was coated to Nunc Maxisorb tubes.
Phage were incubated on the antigen in a total volume of 500ul for 1lh
prior to washing to remove unbound phage. Bound phage were then
rescued as described by Vaughan et al., supra and the selection
process repeated. To assist the isolation of human/rodent cross-
reactive scFv alternate rounds of selection were performed on the

respective species isoforms of NGF. A maximum of four rounds of

selection was performed with any one library using this alternating

isoform selection strategy. Either human or rat P-NGF were used as the

initial antigen for first round selections.

Outputs from rounds 2-4 were prioritised for biochemical screening
based on the percentage of NGF-specific clones isolated and the
sequence diversity of these clones. The percentage of NGF-specific
clones was determined in each case by phage ELISA. Sequence diversity

was determined by DNA sequencing.

Phage ELISA protocol
Cultures of phage transduced bacteria were prepared in lml 2xTY medium

containing 100pg/ml ampicillin and 50pg/ml kanamycin with shaking at
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domains. Whole antibody was purified from the medium using protein A
30 affinity chromatography (Amersham Pharmacia). The purified antibody
preparations were sterile filtered and stored at 9C in phosphate buffered
saline (PBS) prior to in vitro potencysevaluation. Protein concentration
was determined spetrophotometrically according to Mach et ai. (1992). 35
58 FLIPR assay of intracellular calcium mobilisation The potency and

30°C &fficatlof ARAITUMARCIGES Mo nBafr SR KROF e tetbfifiidd 9 £F the
cultwaell-basedifluoreseent catgiuaixnobiisating assay.3Ehe /poterncy ebhusiann

pes AMinodieswas compared with mouse anti-human NGE 5 (MA3236,B&D. ¢y
Systems), rat anti-mouse NGF (G1131; Promega), and mouse
with ghtileriodse NSEIMABS 2602 \CHenticont.iApti-NBR IgGswedre washed

betwé‘&xirgag}atggeyviu(l{@ICQmEg@a@&hgmmliapbl@lf&@@&bi).@@hh@m 148Q2¢9) or
recombingnt rat (3-NGF (R ystems, 556-NG-100). The complex was
o1 SR B 15 HEREST cell B chorty rELarbi R I Sy
inculyakiplorsioadetr withathies borsterid sensitve tyen Fadd3 dird v te
(ame Kz@drdependent fluwrescence was smonitaredx HiNcellspipeak:S, Bdgend
Biosystems) transfected with recombinant.human . .TrkA ined from M.
oo L PREE LS, RN et T T8 B s RiodTice E2gies
(SigmgédidRYMEM CBAGIHD, MTITOTACVYF stippleRferiedawithr Gorrfetar tate
peridOviRe sefuny (Hlysione, 15H3007 1203) .1 S pg/pd prromyein(Fdgere taken
at «fR5YStems B001B)and hxa peniclliey stiaplomyain, Conuent cells were
harvested by dislodging the cells with Dulbecco's phosphate buffered
iden@a@ih%d(@PBé)‘,’% theh Bade @ WitH20IBR4#TG bBFfe? ontaitifg Srufrual to
5x tiddceh(Moteculas Rrebes)att3gedor 1.5h in the presence of an anion
transport inhibitor (2.5 mM probenecid in 1% FBS/MEM). After washing
the cells once with assay buffer (2.5 mM probenecid in 0.1% BSA Hank's
DNA 3¥EPES) the cells were plated on poly-D-lysine coated, clear bottom
Doub B6-wetkhplates fTostamplate for sequencing was obtained by PCR of

scFv using the primers FDTETSEQ24 (TTTGTCGTCTTTCCAGACGTTAGT - SEQ ID
NO: 534) and PUCreverse (AGCGGATAACAATTTCACACAGG - SEQ ID NO: 535).
Excess primer and dNTPs from the primary PCR were removed using
Macherey~Nagel Nucleofast 96 well PCR plates (Millipore) according to
the manufacturer's recommendations. VH genes were sequenced with
primer Lseqg (GATTACGCCAAGCTTTGGAGC SEQ ID NO: 536). VL genes were
sequenced with primer MYC Seqg 10 (CTCTTCTGAGATGAGTTTTTG SEQ ID NO:
537). Each reaction mixture contained 20~-40ng DNA, 3 - 26pmol primer
and 4ul Big Dye Terminator V3.0 (Applied Biosystems, UK) in a volume
of 20pl. Sequencing reactions consisted of 25 cycles of 96°C 10s;
50°C, 5sg; 60°C, 4min. Samples were run and analysed on an Applied
Biosystems 3700 DNA Analyser. Areas of ambiguity were analysed
manually using Continuity software developed in-~house (Cambridge

Antibody Technology, UK) and SeqEd DNA sequence manipulation software
{(Applied Biosystems, UK).
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25 #3904) at approximately 60,000 cells/well in 120 I. The cells were
incubated in the dark for 30 min at room temperature, and the plates were
then centrifuged at 1,200 rpm (290 x g) for 5min. Prior to testing, the
plates were pre-warmed at 35C for 2@4min. Test IgGs were assayed at 7
concentrations in triplicate wells. Thirty-five 30 microlitres of IOX anti-NGF
IgG and equal amounts of 10 nM human-, rat- or mouse 2.5S NGF were
Biocppatiraibatetranrdon rpaittire for dpproxiviately |h. Plates containing

The Hhe-pre-corplexed lgGsand-platesosoptaiping 100d/well aissaydauffened to
. efe pre-war d at 35C, for. 20mi faore testing on lugrometric
e e L IoE L0 oyt Iar Deiods) Fanoiarar e
extrageition- oF SepmiEiPasssy puiffefofcthe cell plate and incubation for 5 min

at 35C, 50l/well of diluted anti-human IgG / NGF complex was added to

Crudg]esgg\!' pé%%@esth%e@él P&%E@SﬁnyQHHLE‘e’PPS'ﬂQQﬂQCON‘s%teS of E.coli

Ca"-dependent 5 fluorescence. The NGF-induced fluorescence was
T6-1cRrutstEtras thESditfereRce Pétwisert thé badetine fudredtenietintdnsity the
bindjust priotao. NGRadditionand highestiflporescenceriatensiteattaired igi2t with

huma?l{‘"i‘?‘i%? JQEQW@%& “&Er%%%@?ﬂﬂpe%@v}égﬁggg% E@?Ji%%}!%f'i&{%‘rbf stems

fluorescence values in the absence of antibody was defined as 100% 10
CoatLARIGIMTbHSHtGH InthE prdieh & 5f dntiBody "the 296rAGE &5 of 10M) -
Assatyiplitate N GE=mducgdtiuerescerce ValleswazCalbllatéd dsarpencenting 1%

bovigfecgléﬁlf%céﬂ%ﬁ‘i@o@'@@“%x Bﬂ%P%ﬁ@%ggﬁ@@trg$aq%9i%pv samples were

mobilisation values were plotted as function of the log of the 1gG
preipgrbenfdtionr ICBmvalues ete it dichtated by fitfi nﬁ@tﬁ%‘“ﬁr%@ﬁo@dé{ﬁﬁ" (R&D
systdase-responsesvariahie siepexivmnciiemusing Rasm (SraphRads AlLooul to
assafnibedies tested displaved concenfrafionvrelaied infibilion of, Buman cos vere
F-evoie intracellular calcium mobilisation. The rank order of 20
washgataiy el &lisaiSH BEAURRERNGE ek FOG4ES ¥1p2dpmpiled using
0. 3pH083H4r>i033E 9an 1 01164 2 M02818i> 102 1F=prb@33B2 2> 1024C 424> NGF

biot%QSzEQg'Ggﬁ%gms) diluted in 1% BSA, followed by incubation for
60min at room temperature. Biotin-labelled anti-NGF was detected using
the DELFIA (Wallac) time-resolved fluorescence detection system.
Briefly, plates were washed and 100pl streptavidin Eu*" added to each
well, diluted 1/1000 in DELFIA assay buffer. Plates were incubated for
a further 60 min at room temperature and washed with DELFIA wash
buffer, followed by addition of 100pl DELFIA enhancement solution to
each well. Plates were read using a Wallac Victor fluorimetric plate

reader (excitation wavelength 3l4nm; emission wavelength 615nm).

Clones that inhibited both human and rat NGF binding by more than 70%
as periplasmic lysate scFv preparations were re~evaiuated as purified
scFv in the binding assay. Purified scFv preparations were prepared as
described in Example 3 of WO001/66754. Protein concentrations of
purified scFv preparations were determined using the BCA method

(Pierce) . Re~assay highlighted the following scFv antibodies that were
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1). Five antibodies were further evaluated for functional neutralisation of
rat NGF, and these were approximately equipotent against both species
isoforms (Figures IA and 1B; Table 1). 25 EXAMPLE 3 Isolation of
optimised human IgG4 NGF antibodlies 30 Ribosome display scFv
potency optimisation Large ribosome display libraries were created and
selected for scFv that specifically recognised recombinant human NGF
poten? T SR, Sesdly AL GA bl e HAEcer 1 (3000 TR
recepthe eknesct064.18r 1022ED 108354, PO21%.1033G9, 1.016718, 1028F8,
1033B2, 35 and 1024C4 were converted to ribosome display format,

10647 VNENE %egsfgﬁmp@;es@ﬂeg%gx{ge{%en;lgyused for library creation. The

clone was not chos r potency optimisation, and therefore a
1022E3ho8brAEQisplayPiemplatEwaE ot imide for this antibody. On the DNA
1083udeveliasEF promoterawaswadded at shed:-end for efficient 5 transcription to

10215 MRNAS ES{)FQB_*H&N%}GV% the postryst contained a prokaryotic

ribosome-binding site (Shine-Dalgarno sequerice) . At the 3'end of the
103363l cHainl théStofd €odbh waR remdvéd Bnd a portion of glil was added
1016A%0 act asra spaqer {Hanes/et akosoprap 1BRihosome display libraries

1028Féjegkyf?ds%%"}801@61!:86.21-021%'5%’5&0?3*&%:193 E5, 1033G9, 1016A8,
1028F8,

33B2, and 1024C4 were created by mutagenesis of the scFv
1033B31EHRSFECR r&&ctidis WeteFerformiEd with’non- proof reading Tag
1024cpolymesase IAffty-basediseiegtionsiweres perfenmed whereby, following

1057rincuRationwiththe library, biotinylated 15.human NGF was coupled to
streptavidin-coated paramagnetic beads (Dynal. M280). Bound tertiary
complexes (MRNA-ribosome-scFv) were recovered by magnetic
ExAMPE8paration whilst unbound complexes were washed away. The mRNA
Expregptoting thebounty SéFavié i tHers resclidd by RTPCR asidaserilsed livg t ion
of ncHanesebak s (supra) ad-the selection process repeated with

The NGF-neutralising scFv 1064F8, 1022E3, 1083H4, 1021E5, 1033G9,
1010A8, 1028F8, 1033B2, 1024C4, and 1057F11 were reformatted as human
IgG4 antibodies and assayed for NGF neutralising potency in a whole-

cell assay system.

IgG conversion
Vectors were constructed for the most potent scFv clones to allow re-

expression as whole antibody human IgG4, essentially as described by
Persic et al. (1997). EBNA-293 cells maintained in conditioned medium
were co-transfected with constructs expressing heavy and light chain
domains. Whole antibody was purified from the medium using protein A
affinity chromatography (Amersham Pharmacia) . The purified antibody
preparations were sterile filtered and stored at 4°C in phosphate
buffered saline (PBS) prior to in vitro potency evaluation. Protein

concentration was determined spetrophotometrically according to Mach

et al. (1992).



10

15

20

25

30

20 decreasing concentrations (100 nM - 10 pM over five rounds) of

biotinylated human NGF present during the selection. Error-prone PCR

was also used to further increase library size. An error rate of 7.2

mutations per 1,000 bp was employeg (Diversify", 25 Clontech) during the

selection regime. Error-prone PCR reactions were performed before

selections commenced at rounds three and four using biotinylated human
FLIPRGFséenceniratiopsastell ANLand 02 aNmrerpbétiviety 30 A
The paphresehtativeProptrivn o SEV flofMithe Sitpuf OF sefettioh rotirgisNCE were
dete threesfoun and-ive wereligatad inte pGantaht: vestardMaughan «et als,say. The

pote&§§63£%%£%”%%QE@%Je%%?a”saiQo%fp%nPeoéi-&%%mnpo'%&éc INGSe RELYVAS -

DNA uenced as described in Example 1 to confirm sequence diversity
(92 3 o ik

puY BEFSIE scredningin Vittofor NG F 85 hétirdifsiig Ftivitgnd mouse
anti-lones Were sereenedas onputified)scRnin thes81I NEFé TekAdeceptorted

o, EXtracellu-tar domain fusi rotein binding as described in.
i R e A s o R e e
B-NGinh tReassaysawas resiéreee-f00)50 Thss ofithéefinabassayvoldaie] and HEK293

ce11 Qg5 thatinhibited Hoth hyman.and +at NGE 5.binding pRoMEiey «he
isolated for further stud%/ In this \%%éa panel of, potency-optimised,

caletplssTaattve NOKEnelitralisérs fSotited SHRTSIAGRS thetnosecence was

monipotedt- NGF neutralisers were derived from the parent clones 1021E5 and
1083H4, which were not the most potent of the parent antibodies.

HER Opltimised cl}g)_nses \P/:vere sBe_ uenced and reassfa edas 1.0 kPurified scFv to b
Contirm BStEhcy bEf6TR Fetoimhakiny to hLMRSATGESL a8 G8stRFel AP ant human

TrkAEfamplien2dAhtibodies deriveSlronrtie phrent tlore 1021 EBAMHSBEQ D

DulbdNQ632; Mia FEQHIRNQ: 34)and ganvared techumar, 1gfz4 fognat were

.1.26F1 (VI SEQ 151D NO: 102: VL SEQ ID NQ: 107), 1 (
SHpp eéfSY’lbeﬂldﬁlﬁz?{)/t SEQ Dbﬁ&ﬁelf)?iﬂ%es%%c ﬁ%EéH]Fé%gf\{%fV]L'S
1g/mBEQUONON] 27Y dEl ZZD9yAHdnSEQ ADINID 2182 ¥ LiSEQcHD NO+- 137),
streﬂ%@g§%aqul%gﬁ%ugéﬂgxJé%%g/géyéc%arvested by dislodging the cells
with Dulbecco’'s phosphate buffered saline (DPBS), and then loaded with

loading buffer containing 6 puM Fluo-4 (Molecular Probes) at 37°C for
1.5h in the presence of an anion transport inhibitor (2.5 mM
probenecid in 1% FBS/MEM). After washing the cells once with assay
buffer (2.5 mM probenecid in 0.1% BSA Hank’s / HEPES), the cells were
plated on poly-D~-lysine coated, clear bottom 96-well plates (Costar
#3904) at approximately 60,000 cells/well in 120 pl. The cells were
incubated in the dark for 30 min at room temperature, and the plates
were then centrifuged at 1,200 rpm (290 x g) for bmin. Prior to
testing, the plates were pre-warmed at 35°C for 20 min. Test IgGs were
assayed at 7 concentrations in triplicate wells. Thirty-five
microlitres of 10X anti-NGF IgG and equal amounts of 10 nM human-,
rat- or mouse 2.5S5 NGF were pre-incubated at room temperature for
approximately lh. Plates containing the pre-complexed IgGs and plates
containing 100 pl/well assay buffer were pre-warmed at 35°C for 20min

before testing on the Fluorometric Imaging Plate Reader (FLIPR;
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ID NO: 147), 1131D7 (VH SEQ ID NO: 152; VL SEQ ID NO: 157),
1131112 (VH SEQ ID NO: 162; VL SEQ ID NO: 167), 1132A9 (VH SEQ
ID NO: 172; VL SEQ 20 ID NO: 177), 1132119 (VII SEQ ID NO: 182; VL
SEQ ID NO: 187), 1133C11 (VH SEQ ID NO: 192; VL SEQ ID NO: 197),
1134D9 (VH SEQ ID NO: 202; VL SEQ ID NO: 207), 1145D1 (VH SEQ
ID NO: 212; VL SEQ ID NO: 217), 114697 (VH SF.Q ID NO: 222; VL
Molecgiry IBENEPZ27F), HAPDZ {VH SEQAtNG o232/ EOsE@ab Neysgg7Rutfer
to thtl4269 (VHSEQD NRuB42i Yk 85Q IDNO:24 A5 415050k 2pMIL SEQ
4114 D NO: 252: VL SF%Ig? NO: 257), 1152H5 (VH SE% ID NO: 262; \éga; .

Lluteg SISHINGSEY) 1155 {VEP AD'ROAHPEVESETIGNO: 277y *°
the FLIBBALL{VHSEQUIDNON282LVHiSEQ DNO: @87)depe0Es (VH SEQ
fluorg%Ebg%Sal\IQg %%egmﬁl%l?l?ldi&@é%%Eiué;éé%eém&é%@ ND2 802, M. the

. ; , , EQ ID NO: 312; VL SEQ ID NO: 317
£ E e BRI S 1D NI SA3 e 5 SR TB NG S TR LA (D ©°
NGF agpyiprNend3R:ove SEOLNDY NOCS37Y, 121201 05W H SEQHY NO: 34pinutes
£011MhrBEREED NQi 847). 1228H5: (MHaSEQ IDMING: 13521 W INSEQ AR NS

357).and 1230H7 (VH SEQ ID NQ: 362; VL. SEQ ID NO: .367). 62 .
Lo R s bR o OO (VM B I D821 01"
calcigpdNOsZAENd chhvErRPEFRBRTEN GGEfetR veld $22VRIB OSSP
of trSEQ IBNQGE372hMhcSEQ 1RNE: 3% ¢k and1 123008 VH SEQRNQs a
percerd2iLIEQ 1D NO: 38/). 5 Germlining framgwork regiops of 1133G11

to derive 1252A5 and other 1021ES5 variants Examination of the VH and
calciyp @pR$A§BEHER iRFNRALHRA 6r BpiFTised2 &lonEsdeénted frdmc132PE8L the
19G cighlghted that.a large proportioncafel @ dhese antibadies contaimechthe

s1gnABIN0 2610 seauence LNPSL TA(SEQIDNG;,531) 4 VHGHRA (16

amino acids 100A to 100G according to the Kabat numbering system).
(Grarfiage clones are shown in Table 2a, highlighting now they vary in amino
acid sequence in the VH and VL CDR regions, together with an estimate

All éﬁéb@ggygg:£@%%@§E%EQ§EE9@9y8@%§%ntration—related inhibition of

human NGF-evoked intracellular calcium mobilisation. The rank order of
potehcy for neutralisation of human NGF was 1064¥8 > 1022E3 > 1083H4 2
1033G9 2 1016A8 2 1028F8 2 1021E5 2 1033B2 >> 1024C4 >> 1057F11 (Table
1). Five antibodies were further evaluated for functional
neutralisation of rat NGF, and these were approximately equipotent

against both species isoforms (Figures 1A and 1B; Table 1).

EXAMPLE 3
Isolation of optimised human IgG4 NGF antibodies

Ribosome display scFv potency optimisation

Large ribosome display libraries were created and selected for scFv
that specifically recognised recombinant human NGF (R&D Systems),
essentially as described in Hanes et al. {(2000). Initially, the
clones 1064F8, 1022E3, 1083H4, 1021E5, 1033G9, 1016A8, 1028F8, 1033BZ,

and 1024C4 were converted to ribosome display format, where the
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15 assayed as purified scFv. Of these clones, 1133C11 differed in CDR
regions from 1021ES only by the 7 consecutive amino acids 100A to
100G as described. Therefore, 11.33011 was chosen for germlining, first
to confirm that potency was retained with the modified framework, and
second to allow subsequent CDR mutations to be introduced, if desired,
20 in order to generate further germline antibodies of interest from the
Leme RS [y "PRE UV altifS ddd VEAPARG /1588 heRes 011 35811
1057merevakignet tohtsekntwn heraan gemiling seguencesin thesyBASE a

ribodatabase(lomlinsgn.2a [199 7L MR Lerte for RroteiniEpaineaiingne pna
Cambrld e, UK% and the cIo eft ermllneﬁ;dentlfle . The glosest germline

levels the Ul oI 1353014°5Wa2 ﬁen ed’%s DPTO % MémbersrthaVH1
tranfamily: The H1360R1 VIThahs afifo Beie EhahbesTromttheDPIoitained a

prokespiine within oframawark kegions. Thea glosest garmlinefardheyL ofc the

' 1 1 was 30 identified as DPL5, a member of the VKl family
: en% %éé% VLT %se on y?éh%ges?r&m t?‘ndee germisne Wl?hln%ramewoﬁ(Ortlom of

91l rggorsidadniewdtk rEgiBnSFGICEr330E SRt retdrned®germline by site
directed mutagenesis of the scFv to derive the scFv 1252A5 (VII SEQ ID

Rlboé\locr)ne:%. 2 !:[Englgs 3 hds ¥vas C?E}f%gd t?OIElérE?? Il%%%kﬁ?
describe Xamp Ie2 erm Ining of other variants o

102 1%21@? %%?wéc%@?es W8 %%hué&é&%%ﬂ intfstUuEiRg CDreRfutaHBASShiBY
mutaiRe germlned 125245 |gGdr backbrnes ddiisdnethed-eesilietd ihed with non-

prooge“e%é&%%qf c?ei lned, a”“Q?Ql%%%%%%Hg (YH SEQIR NG 402

, G1165D4 (VH 5 SEQ ID NO: 412; VL SEQ ID NO:
perfﬂi‘ﬁ%ﬁ@@f@?@Hﬁ(W@é@ @N@aﬁﬂmwt@E@ﬂDNérﬁ?% biotinylated
huma E XN PBE 4400Ewaluation: ot pptimised-humani géa4 amibodies ibdhels (Dynal

w280} '—'B&ﬁé&'ﬁ%ﬁlﬂ&a‘&%‘ q calciymmoniisgtion Optimised, buman Jond o4 vy

NGF antibodies were evaluated in an assay of NGF-evoked intracellular
magnet i SuRtRigGilisahol h Ceils TEROMmbinaiR e xes were washed away. The

mRNA encoding the bound scFv were then rescued by RT-PCR as described
in Hanes et al., (supra) and the selection process repeated with
decreasing concentrations (100 nM - 10 pM over five rounds) of

biotinylated human NGF present during the selection.

Error-prone PCR was also used to further increase library size. An
error rate of 7.2 mutations per 1,000 bp was employed (Diversify™,
Clontech) during the selection regime. Error-prone PCR reactions were
performed before selections commenced at rounds three and four using
biotinylated human NGF concentrations of 1 nM and 0.1 nM,

respectively.

A representative proportion of scFv from the output of selection
rounds three, four and five were ligated into pCantabé vector (Vaughan
et al., 1996) and cloned in the TGl strain of E.coli. A sample of
these scFv was DNA sequenced as described in Example 1 to confirm
sequence diversity of the output before screening in vitro for NGF

neutralising activity. Clones were screened as unpurified scPkFv in the
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15 expressing the human TrkA receptor, as described in Example 2.
Antibodies were assayed for neutralising activity against human, rat, and
mouse NGF (Figures 2A, 2B, and 2C; Table 3). Intracellular calcium
mobilisation evoked by InM NGF was;jinhibited by 20 all optimised human
antibodies tested. Optimised antibodies displayed subnanomolar IC50
values, in most cases representing greater than one hundredfold

NGF leriidicémeii oPNECE REGR ST pofaidy ober e pareht 1§y rapmk assay.
as d)cNeutdalising=poteheias (IC;0} of thegermlined homanelgfa4 antibadies

1ysa@gaipstthe human  rat and meuse NGF.isofarms were, 23 respectively: ¢ oy
1252A5 - 0.33nM, 0.29nM, and 0.26nM; G1152H5 - 0.22nM, 0.27nM, and

finaly 38akY, CLIBSDA 6. 32NSD. 350 M, A 012 AME G 23017 - B 1hRE, NCF
bindih84nibsamd B:25ahl.a BEIT iese festltsrhighlight. themefficieney and valuel of

poteffhggiasame, display technique fasantibedy potency opiimisafion-<A .
more conventional approach to antibody optimisation in the past has

SO G Yge nEFatiPiag e Hi&ihiay dibraries ar varart SCEV atftibodies SFR ©he
parergs pocess i€ Rurintersioatind slower thar the ribosome displayed of the

paredBethad pyhich ofteprngansdthat only a,single narent-saFy s usedas the o s
. ts.taginsg BOiQt for Iib£arly constructiog. ;l'he rela'%ve eatsg_of gcenehratlnlg o
prrs rllbeosorﬁevdis(f)I:fyoi?brlar]ine§J 8ﬁce)\?vcsymu?tlﬁlreescrf—ev %5?eantslt%g beoopﬁ%seég as
descriprftabiedusiymirl, ©as demonstrated in Example 3, this 5 can lead to the
isolation of highly potent antibodies derived from parent clones that would

S U T, SOUTL 10 BB P o
SEQ %%@gg,: 37) and converted to human IgG4 format were 1126F1 (VH SEQ
ID NO: 102; VL SEQ ID NO: 107), 1126G5 (VH SEQ ID NO: 112; VL SEQ ID
NO: 117), 1126H5 (VH SEQ ID NO: 122; VL SEQ ID NO: 127), 1127D9 (VH
SEQ ID NO: 132; VL SEQ ID NO: 137), 1127F9 (VH SEQ ID NO: 142; VL SEQ
ID NO: 147), 1131D7 (VH SEQ ID NO: 152; VL SEQ ID NO: 157), 1131H2 (VH
SEQ ID NO: 162; VL SEQ ID NO: 167), 113229 (VH SEQ ID NO: 172; VL SEQ
ID NO: 177), 1132H9 (VH SEQ ID NO: 182; VL SEQ ID NO: 187), 1133Cl1
(VH SEQ ID NO: 192; VL SEQ ID NO: 197), 1134D9 (VH SEQ ID NO: 202; VL
SEQ ID NO: 207), 1145D1 (VH SEQ ID NO: 212; VL SEQ ID NO: 217), 1146D7
(VH SEQ ID NO: 222; VL SEQ ID NO: 227), 1147D2 (VH SEQ ID NO: 232; VL
SEQ ID NO: 237), 1147G9 (VH SEQ ID NO: 242; VL SEQ ID NO: 247), 1150F1
(VH SEQ ID NO: 252; VL SEQ ID NO: 257), 1152H5 (VH SEQ ID NO: 262; VL
SEQ ID NO: 267), 1155H1 (VH SEQ ID NO: 272; VL SEQ ID NO: 277), 1158al1
(VH SEQ ID NO: 282; VL SEQ ID NO: 287), 1160E3 (VH SEQ ID NO: 292; VL
SEQ ID NO: 297), 1165D4 (VH SEQ ID NO: 302; VL SEQ ID NO: 307), 1175HS8
(VH SEQ ID NO: 312; VL SEQ ID NO: 317), 1211G10 (VH SEQ ID NO: 322; VL
SEQ ID NO: 327), 1214Al1 (VH SEQ ID NO: 332; VL SEQ ID NO: 337),
1214D10 (VH SEQ ID NO: 342; VL SEQ ID NO: 347), 1218H5 (VH SEQ ID NO:
352; VL SEQ ID NO: 357),and 1230H7 (VH SEQ ID NO: 362; VL SEQ ID NO:
367) .
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In the PC12 assay, NGF maintains the survival of serum-deprived rat 15
PC12 cells expressing native TrkA and p75 receptors for two days.
Neutralising NGF antibodies reduce cell survival measured with
AlamarBlue. Rat pheochromocytom@PC12 cells were grown in RPMI
1640 (Cellgro, 20 18040181) supplemented with 5% fetal bovine serum
(JRH,12103-78P), 10% heat-inactivated donor horse serum (JRH

Rntibqdien I9ES TR ToR” pERTCRTESHEp oAy int %%%&ée|i¥%v§e%%%&%d26y VL
SEQ IritiPatieér) anddtivemveastred twidewwdth Ser@infreeiRP Wi 164 gohtainiig SEQ

o n00-83% BpA Rigmanty 7039); Cells were plateghingiad taih cellagesy; vi seo
D NO (BIO|08IC6[| 25 Technology Instltute BT-2'74)-coated 96 well plates at
8 cells/well in 120 pl serum-free media with 0.01% BSA. Serial
dilutions of 5X anti-human NGF 1gGs were made using serum-free media

cerm1@PEA0 plwellwas addedg the celbplate. 40l/welli 05 NM MIMART-Sther
1021 lg\IGF’éCaI iochem, 480275) or rat recombinant NGF (R&D Systems,
E 5%3

&130° 100) was added to the plate, and the total volume was brought
ExamigptioR0utl/ivefl With setuMi-fideRnfediuAn Maxivhaleelr death Was defiresed

clonebya8Piliwell of serunyiree ﬁbﬁﬂiumﬁr’cawligaae wells: ARO0Yrsnavalonas £

defl 4OIlweII serum-free medla and A l/well 0.5n F in triplica i
these er}lseﬁ% Fates were |rr§;u£batea at §78 in %eéﬁi%rwém%? EQFOEQE% tPD Nos
531) hﬁbé(éhr‘éDﬁw% dell rabilif 222 vel ARPRarBlueiias Hated ane tHe Piatdsbat
numbeWa{g reask-ivamediately te deteemine the.backgrouad flkiarescangel ingeachg

how X&) \ngbf fiyoremetric plateeader (BMG) L5530 nip  exeitalian o o1,

wave en%th and 590 nm emission wavelength. Following an 5 incubation
togethgremity at 37 S thEplate Wad fe-realitd deterhfne 1ot Rabr@sten&e™
assaydhieaAlamar biuel fluorescerice was calcutated as the1differencedoetiveemr

regiof P?&légﬁ%‘éﬁ%ﬁn&%ak UQIRSCANGE, LUENSHies. Inithe RIESence e o 1006

antibody, the average + SD of triplicate fluorescence values was
as deé&l‘fc’d?&féd gg%rﬁéPc%%t dfltﬁ%C&\}ef'éﬁgﬁe 6P 2BMiphicate? 16084 Sthdival 175t t°
confifluorgsdence vakiesidhe pescertiofi¢ohtrohe modified framework, and

second to allow subsequent CDR mutations to be introduced, if desired,
in order to generate further germline antibodies of interest from the

same lineage.

The derived amino acid VH and VL sequences of 1133C1l1l were aligned to
the known human germline sequences in the VBASE database (Tomlinson
[1997], MRC Centre for Protein Engineering, Cambridge, UK) and the
closest germline identified. The closest germline for the VH of
1133C1l1 was identified as DP10, a member of the VH1l family. The
1133C11 VH has 5 amino acid changes from the DPl0 germline within
framework regions. The closest germline for the VL of 1133C1l1 was
identified as DPL5, a member of the VAl family. The 1133Cll VL has
only 4 changes from the germline within framework regions. Framework
regions of 1133C1l1l were returned to germline by site directed
mutagenesis of the scFv to derive the scFv 1252A5 (VH SEQ ID NO: 392;
VL SEQ ID NO: 397). This was converted to human IgG4 as described in



survival values were plotted as function of the log of the IgG
concentration. IC~ values were calculated by fitting the sigmoidal
dose-response (variable slope) function using Prism (GraphPad). 15
Results from the PC12 assay furthep¢onfirmed the increased potency of
optimised human IgG4 NGF antibodies over their parent IgGs. Antibodies
|{1h|t}|te human and r NC%F malntaln d PC IiEc,éjrvwal ina ‘
Fxa pconcen(tgr;'atlon refated’ %anner (Flgures Z and 2%%9 bIe §) V@ermﬁﬁfﬁzs vas
achieygfefied 16 FedUEe tHe NG MRk HIRhPPblericiPoP @ tdsierp 1252A5 19G4
backpanibodiess pastievlarheagainst the rat NGEdsoforar rorexamplenthe
anc 13D8R0I 1 PIANE RN afifitidy Gadpariios NHIIBon A AE! SurdB)

mediated by 1nM human or rat NGF was 1.InM and 7.3nN1, respectively.
SEQ I 6hitrdst th&'mea 1ot ridutralisdtion’ 6F LH W&?n%%rTPaﬁ@GF‘*B% VL
SEQ 1D1521384ie non-germline antibody) was 0.40nM and 25 0.38nM,

respectively. 66 EXAMPLE 6 NGF-neutralising activity ina TF-1 ce_7.1

proliferation assay The TF'-l cell line is a human premyeloid cell line that

can be 5 stimulated to proliferate by exogenous growth factors and
ExaMRAZKOKInes. 7F-1 cells express the human TrkA receptor, and proliferate in
Evalygsponseltoractivatied WithiNGFoTheaTF ibeéll proliferationfdssdy wasay of
intrdésed to furtben eharagiesise;: the-insyitro functional potency of neutralising

human IgG4 NGF antibodies. 10 TF-1 cells were obtained from R&D

Systems and maintained according to supplied protocols. Assay media
Optimdginprisencaf RPMI-18EPRIth GELFFANMRER | SAWEDERh) ComAIMR§DYP £
NGF—éoek@chWBEaSﬁumiblyc&ne)Laﬁ\dxﬂ%ﬁqcﬂumcpyrwab@(Sigmaa;oaﬁ'@hmtly
o s3RY 1E:d cellswere pelipied bycLs centrfugation at.300pco or 5

mlnut%s the media removed by aspiration and the cells’ resuspended in
Antl%a%/sn?ﬁﬁ. THIS Procéss Wik repbhted thise- iffidswithdélis human, rat,
and nessspradedrava final moncamtration 2¢; Table 3) .

Intracellular calcium mobilisation evoked by 1nM NGF was inhibited by
all optimised human antibodies tested. Optimised antibodies displayed
subnanomolar ICsy, values, 1in most cases representing greater than one
hundredfold enhancement of NGF neutralising potency over the parent
IgGs (Table 3). Neutralising potencies (ICsy) of the germlined human

IgG4 antibodies against the human, rat and mouse NGF isoforms were,

respectively:
1252A5 - 0.33nM, 0.29nM, and 0.26nM;
G1152H5 - 0.22nM, 0.27nM, and 0.18nM;
G1165D4 - 0.32nM, 0.33nM, and 0.27nM;
G1230H7 - 0.31nM, 0.34nM, and 0.25nM.

These results highlight the efficiency and wvalue of the ribosome
display technique for antibody potency optimisation. A more
conventional approach to antibody optimisation in the past has been to
generate phage display libraries of variant scFv antibodies. This

process is labour intensive and slower than the ribosome display



10

15

20

25

30

of 10" /ml in assay media and 100pl was added to each well of a 96 well

flat bottomed tissue culture assay plate to give final cell density at 20

1x104/well. Test solutions of antibodies (in triplicate) were diluted to give

a final assay concentration of 7.g/mkin assay media and titrated 1:5

across assay plate. An irrelevant antibody (CAT-001) not directed at

NGF, was used as a negative control.. In addition, a reference
methoﬁmﬁﬁ&@ﬁaPéﬁﬁBoﬁ?ﬁﬂ%B@% (RREY S%/s‘féﬁﬁsl)%ﬁé TR 858725 Hasifive 25
the stamtrohd-iftyimicrolitresiofitesy antibeties were.then-added ttoreachawelh £
qene APUOHEE DY R0LQ1 Ralye pyriled MUINE LIS 0T Ivitagen ¢t (SIamel <o

or human (Sigma) NGF diluted to give a final assay concentration of

be oPSABHRE DS plaeSIald ifcibated fOrssiy &t 237€ inbdeetita®, this
can leanidifiedrehambiert Taventy microlitrescofetnitiated 30othiasidine {581Ciimin

parenNENLWas then-added oeach assaywell ands assayhlates wergreturned
to the incubator for a further 5h. Cells were harvested onto 96 well glass

oPtingisatifter plates (Perkin Elmer) using a cell harvester. MicroScint 20TM
(501il) was then added to each well of the filter plate and ['H]-thymidine
incorporation quantified 67 using a Packard TopCount microplate liquid

EXMPscmtlllatlon counter. In the presence of antibody, thymidine incorporation

Foal @yggnrtllﬂeg as .counts per m mlnugeg)g\%as ctal uc,ated as, the dgggezrenc&al Suﬁvwal

etween the average bac’ﬁgro e. cells not expose to NGF) and t
a33a¥gverage 5 total (i.e. cells stimulated with NGF) counts per minute and
expressed as a percent of maximum proliferation. The percent maximum

In th%r%é'éefﬁt'é)@ WS &@?%%ﬁ@ﬁ%@mﬂﬁé the 199,90 thgég%r%(‘%%ﬁ%@%’& rat

C50 values were calculated %ﬂttmg the %bgmm al dose (variable slope)

PCLZ fymttibniSinG GraghPat pifsm: “fo Hdhialr IgE 4 NG E antioddieswere s -

Neut faatent inhibiorsiof Hedieell rproliferation mediated: bynwanane datand

a1andPRUSE NGF isoforms(Figures 4A, 4B, and 4C). These results
demonstrate that antibodies derived

Rat pheochromocytoma PCl2 cells were grown in RPMI 1640 (Cellgro,
18040181) supplemented with 5% fetal bovine serum (JRH,12103-78P), 10%
heat-inactivated donor horse serum (JRH, 12446-77P), and 1%
penicillin-streptomycin. The cells were harvested by trituration, and
then washed twice with serum-free RPMI 1640 containing 0.01% BSA
(Sigma, A7030). Cells were plated in rat tail collagen (Biological
Technology Institute, BT-274)-coated 96 well plates at 50,000
cells/well in 120 pl serum~free media with 0.01% BSA. Serial
dilutions of 5X anti~human NGF IgGs were made using serum-free media
and 40 pl/well was added to the cell plate. 40pl/well 0.5 nM human P-
NGF (Calbiochem, 480275) or rat recombinant NGF (R&D Systems, 556-NG-
100) was added to the plate, and the total volume was brought up to
200 pl/well with serum-free medium. Maximal cell death was defined by

80 pl/well of serum-free medium in triplicate wells. 100% survival was

defined by 40ul/well serum-free media and 40ul/well 0.5nM NGF in

triplicate wells. The plates were incubated at 37°C in 5% CO, for 48h.
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from the 1021E5 lineage can disrupt NGF signalling mediated by 15
activation of native human NGF receptors in vitro. In accordance with the
observed activity of human NGF antibodies in the PC12 cell survival
assay (Example 5), non-germline ansibodies were more potent than their
germline counterparts in the TF-1 proliferation assay (Table 3). Based on
mean IC50 data, the rank order of potency of the 20 antibodies tested for
To mesKiBRfory ot m@hﬁeréﬁéjﬁlrﬁéﬁi’ate%zbylz/wﬁm haTar NGE was Prssolfsd the
platddb2Hs >1282A8med1k122115oMABRES: EXAMPEE found fluorescence
Cross- Ryactlvgy of anti-NGFE | Gs with.gther euro{ inst2§3%Llr§nAs

in eachh wel romet rea =}
were performed fo determine the cross reactivity of the anti- NGF IgGs for

excl piféPRetfSfopAHIS THE éﬁ%ﬁ?c@ﬁéﬁéﬂ%f‘”@o‘ﬁﬂ@“%ﬁws With-egne an
inculbgiwell Meomadr NGk { R&DOcsystea$,1256-GE}, hrainrdetives detrotraphieotal

£1u0{RGHL(BDNF 1%&%%3&%?%%%4%@1%}&%%@&0%9 %&NIﬁa%QcB%P the

systems, 57-N3) or neurotrophin-4 ( D systems, 257-
dif f?68ﬁFFeHﬁ%‘éW§ﬁﬂe%? 3‘36%%1169\%&89 B‘iBERﬂn prates With b“?S%SltleS
In tHSAmtsA3Covermght.dndreasing corcenteationd od antixNGE igGe

£1uoFaRging.from 0,03 -,1Q nM, wete dacubated gt room temperatuLe for g h 4p

allow blndlng to each neurotrophin. Anti-NGF 1gGs were detected 35 with

tripHismtinylaes éﬁﬁ‘ﬁd’rﬁénf&&%%ﬁ%ﬁﬁﬁ@dﬁf 300) tRIkIGG LT control
surv 5091602} estreptavidirelinked adkdime phosphatase (14000), ame 196G

concilHorascent Supstrate A.&20Sitive ONIrQls ALMOPpSraling: REURAIORNIR G 1 da 1
binding to the plate utilised commercial biotinylated anti-human polyclonal

dose ERRRINGE (GRS Sy EnTe SHEINGE BRE D50 St BONE BRI 640

anti-NT-3 BAF 267, anti-NT-4 BAF 268), which were detected directly

Resuygmgﬁ&rﬁp@%id@mi@kggsalyaﬁa@@msmtﬁﬁﬁn%@d@@S@I@@Eéusagdgmncy of

of Su trateA No ific |nd|n as determined using . w coated
Optlmlﬁﬁeé) mé’tea%GZP%r\lpgchw&rgp n, %?od%c? dev%f m%nli %vas% ow@ tibodies
inhipyeedinmatoma0d 60 niN Eftareddditionest Sﬁb%trQ@éA survival in a

concentration~related manner (Figures 3A and 3B; Table 3). Germlining
appeared to reduce the NGF neutralising potency of the test
antibodies, particularly against the rat NGF isoform. For example, the
mean ICsy of the germline antibody G1152H5 for inhibition of cell
survival mediated by 1InM human or rat NGF was 1.1nM and 7.3nM,
respectively. In contrast, the mean ICsy for neutralisation of 1nM
human or rat NGF by 1152H5 (ie non-germline antibody) was 0.40nM and
0.38nM, respectively.
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-0 Anti-NGF IgG 1064F8 was used to optimise the assay. For 1.064F8,
there was linear product development for 15 min, which then leveled off
with time, probably due to substrate depletion. Cross-reactivities were
calculated as a percent of the specifié binding to neuretrophin relative to
NGF for all concentrations of IgG. For high affinity IgGs 15 such as
EXAMP1064F8 percent cross-reactivities were calculated using 15 min product
é”evelopment data. For low affinity IgGs such as 1016A8, percent
NGF-rnegrossareiactivities Werétoalénlate@fudinge80 mircgrbtiict tdevelopragnt
data. 20 The cross-reactivities of seven human IgG4 NGF antibodies to
DJ\IF NT 3 and NT- 4hrelat|ve to NGF were qelteﬁmlneq %the

B
The TcFoncentratlons tes?ea all sev nrngY%odles sﬁowedlnegllg can be

stimydrpsedrdativAty (Table t8) Prorexanmoies ittt 128 2 A5 e Righestdevelsiors -
TF-1 GJ@5Ssreagiivitys observedmith Ncbh-Z: NIA and BRINR warert A%6e 0:9%

respolqéﬁ:1%4% 2t5 re Qeo%t'vel%/h(':&%'ﬁlrg gl)l ER%A(;E/IPL% 8 Det |natJCon of a@%ay was

inding a |n|tyo f'human antibodies The N F- blndong
used Afinfied BE Aurhan 1GEZ-NGF ditibodigs Were detehpiied RRifgay ©f

neut dadicligand-biadingyagsay foanatperfesmed at room temperature. Briefly,
flashplates (Perkin Elmer SMP200) were coated with 100pl/well of

2pg/ml goat anti-human IgG (Sigma-Aldrich, UK) in phosphate buffered
TF-1 §eﬂ (PBS) 1B Thi WIS Vesr & WPashistr (ith PBS ARUSS A Hocrad i6e t°
supp lhawith 200pHwell RBS: gontaining 386 mAebovineRserim ¢ albhuminLUTAMAX I

(Inm@x%%e%g@&@&qrﬁ‘% UK - %@!&@&W%%W?es@%‘iwh BBS and) 1%&9 P%f sodium

human NGF antibody was added to each well in a vqume of 0 ml
PYLUEGiftaimh o, B%F\’/{W’ésﬁo ﬁ&%ﬁﬁﬁ?@u%u&n for iy plates \ﬁ%?&eted by
centnydshedwith PB305 iRadi Biodhatedureman-ardmat NG Eamere dbtained

asplﬁgbe%”§ﬂ§h@N@LHéﬂbH"%@%u% khgéﬁ’fﬁnggggynﬁéﬁigg'ng§6bfggess was

"'I-NGF, custom-labeled
repeated three times with cells resuspended at a final concentration

of 10° /ml in assay media and 100ul was added to each well of a 96 well
flat bottomed tissue culture assay plate to give final cell density at
1x10%/well. Test solutions of antibodies (in triplicate) were diluted
to give a final assay concentration of lug/ml in assay media and
titrated 1:5 across assay plate. An irrelevant antibody (CAT~OOl) not
directed at NGF, was used as a negative control. In addition, a
reference monoclonal antibody MAB256 (R&D Systems) was used as a
positive control. Fifty microlitres of test antibodies were then added
to each well followed by 50pul of native purified murine (73 form;
Invitrogen), rat (Sigma) or human (Sigma) NGF diluted to give a final
assay concentration of 200pM. Assay plates were incubated for 68h at
37°C in 5% CO, in a humidified chamber. Twenty microlitres of tritiated
thymidine (5.0 uCi/ml, NEN) was then added to each assay well and
assay plates were returned to the incubator for a further 5h. Cells
were harvested onto 96 well glass fibre filter plates (Perkin Elmer)
using a cell harvester. MicroScint 20TM (50ul) was then added to each
weil of the filter plate and [’H]-thymidine incorporation quantified
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recombinant rat (3-NGF purchased from R&D Systems, cat. no. 556-GF-

100). Each "I-NGF isoform was serially diluted in assay buffer (PBS 10

containing 0.5a w/v BSA and 0.05% v/v Tween 20) and duplicate 100pl

samples were added to the assay plate to give a measure of 'total

binding' over the concentration range 2pM-15nM. Non-specific binding

. (NSB) was determined at each 1251-NGF concentration by measuring

usingyidaiiy fittife prESEncs o?lacfé?aéaé?ce%sq&%ﬁﬁoﬁ?a%‘f&éb%%é% gErisT- 0
the NSBewedls cormainiedtSI-NGF (i<l Sniviy togetnerawith @ufingli fied as

counté@nsentration of SPO-nMuplabelled human (3NGER&D Sysirms Gat
No. §5§;GF'10 ) or rat D- %F g]R%D S stemstCa'%q.GN?. 55g-(t:E-1OO , as
Ve e Bpriate - Blitesd Were fcubated o émight: and weils Cotintedffor iy
totalpn(d-gampsd Evunter(TepCdunt NXTS PerkiiElrfiePerSpeeificbindinggoressed
as a Was calgulatecdhaccardingtorthe-formula. spesifichinding:= fatal-oinding -
non-specific binding’, Binding curves were plotted and hinding parameters
pro L e 2 D e Sty B ToteT Ay Prism
ConcHYHIFARC G rdphPaG Sotivafe thE2 LFSAR RS HimAhtand ¥at 51-Rigpoidal
dose displayedisaturable), highaffieity hindingstodhedwmanslgG4 NGF
antibodies, 1252A5 and G1152H5 (Figures 6 and 7) Calculated Kd values
for the binding interaction with human i_zI-NGF were 0.35nM for 1252A5,
Humany g R for GPPS2RS. Ked YaReSTor rt B NGE Bifdidg verel

prol{Xx44ah for 1252Ab«andP.h@mnM for &1 En2Hbo 307 ICEXAMPLmY (Figures
4n, Aetermingtion of Kivalyes for inhibition of NGFLinding ta human TkA ;.
and p75 receptors 5 Experiments were performed to determine whether

Erom yhaQntfirodies 195745 4R G115205 Hishldy diférerftialTAidicH P NGF
actipinding tofTricA and pik receptorscEompetition binding éxperimenisiwererith
the H8siIgned in order (1o calcylate binding inhiplion.congtant(Kik-values; |

IC50s were calculated for antibody-mediated inhibition of radiolabelled
Surv}ﬂﬁﬁaﬁ%ﬁ?y (Example 5), non~germline antibodies were more potent
than their germline counterparts in the TF-1 proliferation assay
(Table 3). Based on mean IC50 data, the rank order of potency of the
antibodies tested for inhibition of proliferation mediated by 200pM

human NGF was 1133C11 > 1152H5 > 1252A5 = G1152H5 >> MAR256.

EXAMPLE 7
Cross-Reactivity of anti-NGF IgGs with other neurotrophins

ELISAs were performed to determine the cross-reactivity of the anti-
NGF IgGs for other neurotrophins. The ELISAs consisted of coating
plates with 100 ng/well human NGF (R&D systems, 256-GF), brain derived
neurotrophic factor (BDNF; R&D systems, 248~BD), neurotrophin-3 (NT-3;
R&D systems, 257-N3), or neurotrophin-4 (NT4; R&D systems, 257-N4) at
room temperature for 5-6 h, followed by blocking the plates with 0.25%
HSA at 4°C overnight. Increasing concentrations of anti-NGF IgG,
ranging from 0.03 ~ 10 nM, were incubated at room temperature for 2 h
to allow binding to each neurotrophin. Anti-NGF IgGs were detected
with a biotinylated anti-human polyclonal antibody (1:300) (Rockland
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10 rat NGF binding to human TrkA- or p75--receptor fusion proteins. Ki
values were then derived using the Cheng-Prusoff equation. Human TrkA
and p75 receptor fusion proteins (R&D Systems) were diluted in
Dulbecco's PBS (Gibco) to final conéentrations of IOnM and 0.6nM, 15
respectively. Maxisorp Nunc white 96 well microtitre plates (Nalge Nunc)
€09~ 1were coated overllgght at 9"C with 100%well of the diluted TrkAOor p7 N
fSceptor 5HRIGH Piftes Ware wWashat 3 Tint8s Willt PES Twéen 20, afl
£1uo rirereblockeebwitht200p|/Wed B%iwdy bovinecseryaralbamintBSARan RS phin
pindiRiptes weke washed.after i incuhation ak rogmytermperate 1 20: Bastan

ntibodies were diluted to the deswed conc ni sa buﬁ‘
pOlyc?(f BSowi/ BEA ahd 0.080vAY Tween 20'ih Iggéaé%n irre éva%r/]t antibo

648, potdirdétet BWards NGFtwas ude &5 é@@gat%@@nﬁ@lf%ﬁﬁﬁsﬁe Cted
direchoR-radiolabelled NG was-used as a refarencednbibitorefs sadioliganskequent

ad dltk:)Llndll’(}) SUQ“%atetW%{'fW }&gre@aréed f%rl gch 25wcon ntratlon(gtest g
ample. Human or rat ™'l Amers am |os iences Was]alluted Wit

WellSa§§%wBﬁﬁ‘é%%@c%aﬂtftﬁé%loéoﬁééﬁﬁéﬁ@ﬁﬁhrassaVﬁ/%lﬂgFV\ﬁ%f?F’rﬂR@ﬁnt
was fwithdestisamplerwas $p0pM a-total assayvekimeof k00L Assayiplateste A.
anes WEEE InGUeAAL toom, 1 lempergiye for 20 eforewasting Wilfers, chere
’BS/Tween 20 to remove Uinbound 30 - -NGF. B_ounalrad abel was .
was ldagrtfied By additoreoPROOPEATEN MicrdseintZt (PR ETEH foflowktl Wi th
time,bycobating usiagta Rackarda Toplgurttnicroplatediguid<sscintilatidres were
calc USR8 Nte plotied A ggééysgdcug%%?p@w Rusmspfare

to calculate IC,,,, values for each experiment, and to derive the

relatdgifedfonting RF a%&ﬂ)rdiﬂ@ct%“t‘ﬁ%a%]soéﬁe?@ BGsoff BYudtigh: P iKRpdty 196s
such I, L4 BB/ Kehr¥éhere:rs £ =rthedNGRH concentrationaincthsassaysing 15

nin dPOMIDAIYIR0RM DM Gata.  For low affinity IgGs such as 101638,

percent cross~reactivities were calculated using 60 min product

NF BAM

development data.

The cross-reactivities of seven human IgG4 NGF antibodies to BDNF, NT-
3, and NT-4 relative to NGF were determined. At the concentrations
tested, all seven antibodies showed negligible cross-reactivity (Table
4) . For example, with 1252A5 the highest levels of cross-reactivity
observed with NT-3, NT-4 and BDNF were 1.1%, 0.9% and 1.4%,

respectively (Figure 5).

EXAMPLE 8
Determination of the NGF-binding affinity of human NGF antibodies

The NGF-binding affinities of human IgG4 NGF antibodies were
determined using a radioligand-binding assay format, performed at room
temperature. Briefly, flashplates (Perkin Elmer SMP2Z00) were coated
with 100pl/well of 2.2pg/ml goat anti~human IgG (Sigma-Aldrich, UK) in
phosphate buffered saline (PBS) for 1h. Wells were washed with PBS and
then blocked for 1h with 200pl/well PBS containing 3% w/v bovine serum
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actual. assay concentrations were determined for each experiment) Kd =
the affinity of NGF for the TrkA or p75 receptor under 10 identical assay
conditions. This was determined by saturation binding analysis of
1251-NGF binding to TrkA and p75a&ceptors in separate experiments. All
antibodies evaluated, except the human IgG4 control, inhibited 1S human
and rat '2-1-M GF binding to human TrkA and p75 receptors (Figures 8
1003 G Snie ST A6 SROW ICS0 B X1 VAIES CAlR It oM i 1O "o
of hughowhGh RigtieBX; Table Iosisows |E€5Gandlki valuescaleulated fohml PBS
contadatenshowskinFiguie 85 rhable.d . shows icaiand ¥d-valiesicaleylatede
washeféorvpi? tg,shown in Figure 9A; Table 9 shows IC50 and Ki 20 values
calculated Trom data shown in Figure 9B. Antibody 1252A5 consistently
showed the greatest potency of 1251-NGF binding inhibition.
Radidnterastingly nbinging dahibitiomeconstat valuesn determinesdorsham UK (human
125 2A5-mediated inhibitio F binding. t A and p75 receptors
e e i, HHE e s SBlcuatid e o H e Yo iiton
recomsfipaman NG B-BiAdiny teTakABid pTSRVASSYE 260,084 d 9285 55 0-04,-
100) respectively (Br0,QL¢ Stdgnts etesti bpth: a8k Lalculated meanepKi (pps
. for inhib'ti%g of rat IQISGF todTr A %gd‘p/?S recer?t%s Wan9.79 0,O4éind1 oul
contg 859,03, Fe§vr{éfctlve11ya(f5<0.0g, SdenteTest hoth n:%? i Fesuft °"
samp e fygEsts thaddP52A5 s as36 preferehtiat intibiter of thea inteeaction total
bindib@twlaﬁﬂaN@Eez%ﬂr?@rg@k&ISﬁeQ@fg@rr?b#n@Bﬂ@Qt%ﬁc%g@ﬁﬁ&Vimmﬁng
results pbtained wjth G1152H5. fo ich there was.no sjgnificant .
(o120 B ot ong DK Gals (o 8. 1 meaturing
bindiggtikypéftgesrsaetivity 6f Auhiay g SACRET ahtibotdivsthelabelled NGF.
NSB waNil.Byperalgese oc ‘activityrof (G- aptihpdies wasevaluated i ansmouse
concdnOdeL of carragagnan indyced thermal hypepsensitit Male
ystems Cat. No.

256-GF-100) or rat PB-NGF (R&D Systems Cat. No. 556~-GF-100), as
appropriate. Plates were incubated overnight, and wells counted for
lmin on a gamma counter (TopCount NXT, Perkin Elmer). Specific binding
was calculated according to the formula ‘specific binding = total
binding - non-specific binding’. Binding curves were plotted and
binding parameters determined according to a one-site saturation

binding model using Prism software (GraphPad Software Inc., USA).

Human and rat *°I-NGF displayed saturable, high affinity binding to
the human IgG4 NGF antibodies, 1252A5 and G1152H5 (Figures 6 and 7).
Calculated Kd values for the binding interaction with human ***I-NGF
were 0.35nM for 1252A5, and 0.37nM for Gl152HS5. Kd values for rat '2°I-
NGF binding were 0.44nM for 1252A5 and 0.50nM for G1152H5.
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mice (20-25g body weight) were initially acclimatised to the test.
apparatus for 2h. The following day, baseline measures of
responsiveness to thermal stimulation of both hind paws were dete
m_ne-d. A focussed heat source wad applied no the p.eanrar nine paw
surface, and the latency no withdrawal was recorded, according to the
EXAM tgod of Hargreaves et al. (1988). Baseline values wore calculated as

De te AN TNERR OF HiRlicate determinations for each-paws FecordeddCem- Miman Trra

apart. Mice -he_ received an in_traperitoneal injection of
and PG EFERFARSIng human IgG4 antibody or control isotype- matched null
antibody in phosphate-bufffered saline (PBS) vehicle. Twenty-four hours

Expe rﬁ&@ﬁt@ﬂ@é@@%g%B&‘Q@&a"égs'@e‘@@ﬁniﬂﬁél%*elﬁe«"‘:u hplantak injegtian of 252a5
carrageenan (2%% w/v in PBS: 30ul injection volume). After a further

and G AR o Witk drawArl FiBheies Wate Adain défermined 1ot inflarvied afg 2°¢
P75 rpearnflamed b pwsThérmahhyperalgesiandbseevead 2ahigfted in order
to caQ@U@g@@r@thElﬂ%t mg&&ﬁg&eceﬁeeﬂﬂ@rglygmhi?mm m)@;ggaw@%t of
ice with the human 1gG4, NGF antibody 1252A5 (=iaure, 1

e o TR LA o & ool MdloR I Batagy 11559 mumen o
rat NO73MNGDTOLUE Wigen. Takl-Taver, M AC¢SDOPY ClinsERp Ruetmiatsr, K1
valuekb(@®:r433:8n Amann: RuandqySehullige:R;-(2000) Newosst Lett, 278(3):

173-6. Andersen DC and Krummen L (2002) Current Opinion in

Biotechnology 13: 117 73 Ausubel et al. eds., Short Protocols in

Human)forééuar Bilogy: A Ebiipétditth oTanEtiods fiohh CureabProtttts fi Luted

in pDuMiedeculas Biek)g_miﬂehm Meyi&ﬁo%MEhedﬁienthQQ Bagﬁhvawe%@@m\a,

re spe%tt%'vé}z%’?’l&ﬂ%boor@’ NAmuRecenjugates and ; 2 Radioph 35 maceuticals 4.
915-922 Barbas at al., 1994, Proc. Natl. Acad. Sci., USA, 91:3809-3813

Nunc)ByRRBCTR £ St A SEOTB) Edr I Neutodd, 16@4113)5?1‘%8321-9?.f the diluted Trka

or p75 receptor solution. Plates were washed 3 times with PBS Tween
20, and then blocked with 200ul/well 3% w/v bovine serum albumin (BSA)
in PBS. Plates were washed after lh incubation at room temperature.
Test antibodies were diluted to the desired concentration in assay
buffer (0.5%w/v BSA and 0.05%v/v Tween 20 in PB3). An irrelevant
antibody, not directed towards NGF, was used as a negative control
whilst non-radiolabelled NGF was used as a reference inhibitor of
radioligand binding. Duplicate wells were prepared for each
concentration of test sample. Human or rat 25T NGF (Amersham
Biosciences) was diluted with assay buffer such that the final
concentration in assay wells, when mixed with test sample, was 150pM
in a total assay volume of 100pl. Assay plates were incubated at room
temperature for 2h before washing with PBS/Tween 20 to remove unbound
25 T-NGF. Bound radiolabel was quantified by addition of 100upl/well
Microscint 20 (Perkin Elmer) followed by counting using a Packard
TopCount microplate liquid scintillation counter. Data were plotted
and analysed using Graphpad Prism software to calculate ICs;y values for
each experiment, and to derive the corresponding Ki according to the

Cheng~Prusoff equation;
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Bennett, U.L. (2001) Neuroscientist, 7(1): 13-7. Bergmann I. at al.,
Neurosci Lett., 255(2) 87-90, 1998 10 Bird et al, Science, 242, 423-426,
1988; de Castro,F. et al. (1998) Eur J Neurosci, 10(1): 146-52. Chadd HE
and Chamow SM (2001) Current Opihion in Biotechnology 12: 188-194
Cho, H.J. et al. (1996) Brain Res, 716(1-2): 197-201. 15 Chothia, at al.
Science, 223,755-758 (1986) Chothia C. et al. Journal Molecular Biology
(1992) 227, 799-817 Current Protocols in Molecular Biology, Second
Edition, Ausubel et al. &ds Jbhn Wilty'& B5dn&®988 Denison David G.
T. (Editor), Christopher C. Holmes, Bani K. 20 Mallick, Adrian F. M.

heraaMith. Bayesian Methods for Nonlinear Classification and Regression
(Wiley Series in Probability and Statistics). John Wiley & Sons; (July
2002), ISBN: 0471490369 Fjell, J. et at. (1999) J Neurosci Res, 57(1):

D = 39-47. GarmdicE. etrate(2003)RrociNatikcad Soy USAp100(15):150pM, but

8927'895%3:11%5 @Qé@?i &H@elﬁti&a\!ﬁ%@n@gbén dggg%%&l ‘for each

Combinatorial Library Design and Evaluation Principles, Software, Tools,
and Appligation&it Drug Discovery. ISBN: 0-8247-0487-8 Gram et al.,
Kd =1992, Proe. RafliAcad. STiNATSH;:89:8576:3580 rGrieX, N:camd Reitschs ¢

I\E/I-C- EI%%Qﬁg%qziiégzggggﬁﬂ%-@Zﬁﬂi wga%%;é#?wggggs in
nzymology, : argreaves et ain, 32: 77
Heumaﬁﬁ%?%‘ﬁ%ﬁ“(l FErBiot® 1046): 1@2%“-%5.3?4‘61? ,Q?, Cang® and
Winter @./€urrerstrOpitionrBiotrectiisl 444644911993 Holliger, P. at al,
Proc. Natl. Acad. Sci. USA 90 6444-6448, 1993 Holta'_(2003) Trends in

Biotechnology 21, 484-490 Bongo, J.S. et all (2000) Hybridoma g
it o Gih (004 Chtolife riih FAclor Koy 1A Setiae
human and rat “?I-NGF binding to human TrkA and p75 receptors (Figures
8 and 9; Table 5). Table 6 shows IC50 and Ki values calculated from
data shown in Figure 8A; Table 7 shows IC50 and Ki values calculated
from data shown in Figure 8B; Table 8 shows IC50 and Ki wvalues
calculated from data shown in Figure 9A; Table 9 shows IC50 and Ki
values calculated from data shown in Figure 9B. Antibody 1252A5
consistently showed the greatest potency of 1257 -NGF binding
inhibition. Interestingly, binding inhibition constant values
determined for 1252A5-mediated inhibition of NGF binding to TrkA and
p75 receptors were significantly different. Thus, the calculated mean
pKi for inhibition of human NGF binding to TrkA and p75 was 10.26 =
0.08 and 9.85 £ 0.04, respectively (P<0.01l, Student's T-test; both
n=3). Calculated mean pKi for inhibition of rat NGF to TrkA and p75
receptors was 9.79 &+ 0.04 and 9.55 + 0.03, respectively (P<0.05,
Student's T-test; both n=3). This result suggests that 1252A5 is a
preferential inhibitor of the interaction between NGF and the TrkA
receptor, and unexpectedly contrasts with the results obtained with
G1152H5 for which there was no significant difference between

corresponding pKi values (Table 5).
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TESPORS 98t uﬁs75tlgonter rartnﬁin R“&én éo%\rtl ody nglneerlnéj, paws’ “were
deteriSprirtgerdVeflagNesd York: LE@}Q@ﬁ1W$SBNPBEn®¢l13545hKrdbba@tCaF§ hind
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calcubgpny, ISBN:D198507089 LarHick YAP Afd Thorias AW (2B0) @ﬁreﬁCh paw,

recor&pinionin Biotechnelogy 12:4':" 48 Ledermiarm J.Anet an{l@9t)ntoneal

ing ecg'i&‘?%%rﬁ&‘ %%%@941 1"&@?‘%%%1 Mg‘(;el} aa!n@%%%)yAQ? N&ﬁ(&%q Sfébtype~

241-9. Lowe, E 997) BrJ Urol, 79(4): 572-577. Ma, Q.P
match%ﬂd V\V&&If @%1&%}7) Néumwla%eaja -f)i%d saline - (PBS) vVehicle.

Twenty-four hours later, inflammatory hyperalgesia was induced by
subplantar injection of carrageenan (2% w/v in PRS; 30pl injection
volume). After a further 24h period, withdrawal latencies were again

determined for inflamed and non-inflamed hind paws.

Thermal hyperalgesia observed 24h after carrageenan injection was
dose—dependeﬁtly inhibited by pretreatment of mice with the human IgG4
NGF antibody 1252A5 (Figure 10).
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IgG BDNF, % NT-3, % NT-4
1133C11 0.7-3.1 0.9-1.8 0-1.
114769 0.1-0.9 0-1
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1152H5 0
1165D4 0~
1214A1 0
123017 0
1252A5 0
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Data in columns show the range of calculated antibody
cross-reactivities. Values are calculated as percentage
of the signal observed against each neurotrophin,
relative to the NGF binding signal at the same test
antibody concentration. Neurotrophins were coated to
assay plates at a concentration of 100ng/well, and
binding of test antibodies was measured over the
concentration range 0.03 - 10nM. Data represent the
result of a single experiment.
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196 P s ' ¢ " T pPKi vs rat NEF
Trka p75 TrkA p75
1252A5 10.26 +0.08* 9.85+£0.04 9.79x0.04* 9.55%0.03
G1152H5 9.59 + 0.08% 9.56+0.04 9.18+0.08% 9.24 + 0.05

* P<0.01 c¢.f. hu NGF / p75 interaction
*% P<0.05 c¢.f. rat NGF / p75 interaction
S N/S c.f. p75

Student's unpaired T-test
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"S ri Q WO 2006/077441 PCT/GB2006/000238 Table 4 83
%{92505-6%993}/ity of optimised human IgG4 NGF antibodies with other
Neurotiophins 1gG BDNF, % NT-3, % NT-4, % 1133C11 0.7°5{ ¢ Y/a028
0-1.7 1147G9 0-1.3 0.1-0.9 0-1.3 1152H5 0-1.50-0.50.2-1.2 1165D4
@38-6.7 0-1.5 1214A10-1.4 0-1.8%0-1.0 1230H7 0-1.1 0-0.8 0-0.7
1252A5 0-1.4 0-1.1 0-0.9 Data in columns show the range of calculated
antibody ckg§s-reactivities. Valud€areleMculated as perceBthgénti} the

signal obséfred against each neurofrophin, relative to the NGF binding
signal atith@2ddme test antibody cBne&tration. Neurotrophifis e

84

coated ! 838y plates at a conceftrafidn of 100ng/well, and -Bj
test antibodie vas measured ove]tt‘é - 8concentration range 6

AR 6,04

alda aYa aVa - aVella Sle

PCT/GB2006/000238 84

Table 5 Summary of binding inhibition constant
determinations for 1252A5 and G1152H5. Data represent mean s.e,m. of
three independent experiments.

IgG ICsy (nMM) Ki (nM)
NGF 1.3 1.2
1252A5 0.151 0.140
G1152H5 0.538 0.499
MABR256 1.48 1.38
MAB52607% 0.310 0.288
Table 8
IgG ICs50 (nM) Ki (nM)
NGF 0.686 0.568
1252A5 0.188 0.155
G1152H5 0.348 0.288
MABZ256 0.304 0.252
MAB52607 0.570 0.472
Table 9
I9G ICeo (nM) Ki (nM)
NGF 0.783 0.710
125275 0.302 0.274
G1152H5 0.781 0.708
MAB256 2.94 2.67

MAB52602 0.587 0.532




IgG pKi vs human NGF pKi vs rat NGF TrkA p75 TrkA p75 1252A5 10.26
0.08*9.85 0.04 9.79 0.04**9.55 0.03 G1152H5 9.59 * 0.00 9.56 0.04
9.1810.08 9.24 0.05 * 2<0.01 c.f. hu NGF / p75 interaction ** P<0.05 c.f.
rat NGF / p75 interaction N/S c.f. p75 Student's unpaired T-test WO
2006/077441 PCTIGB2006/000238 Sfable 6 85 IgG IC50 (rim) Ki. (nM)
NGF 2.4 2.1 1252A5 0.068 0.061 G1152H5 0.204 0.184 MAB256 1.94

cLarike’® MAB5260Z 0.368 0.333 Table 7 IgG ICso (Ad) Ki. ("M) NGF 1.3

1.2 1252A50.151 0.140 G1152H5 0.538 0.499 MAB256 1.48 1.38
MAB5260Z 0.310 0.288 Table 8 IgG ICso (nM) Ki. (hM) NGF 0.686

1. 0.568132528500. 4880455 Ghi52650:1848:0.288 MABR256:0:804 325201

(NGF&@A%§%QQ§§%§ZO§%4thEﬁ@&%9antigen—binding site which is composed
of a human antibody VH domain and a human antibody VL domain and
which comprises a set of CDRs HCDR1, HCDR2, HCDR3, LCDR1, LCDRZ and
LCDR3, wherein the VH domain comprises HCDR 1, HCDRZ2Z, HCDR3 and a
framework and the VL domain comprises LCDR1, LCDRZ, LCDR3 and a
framework, wherein the set of CDRs consists of a set of CDRs
selected from the group consisting of:

the 1133Cl1l set of CDRs, defined wherein the HCDR1 has the
amino acid sequence of SEQ ID NO: 193; the HCDR2 has the amino acid
sequence of SEQ ID NO: 194, the HCDR3 has the amino acid seguence of
SEQ ID NO: 195, the LCDR1 has the amino acid sequence of SEQ ID NO:
198, the LCDR2 has the amino acid seqguence of SEQ ID NO: 199, and
the LCDR3 has the amino acid sequence of SEQ ID NO: 200;

a set of CDRs which contains one or two amino acid
substitutions compared with the 1133C1l1 set of CDRs;

each set of CDRs as shown for individual clones in Table 2;
and

a set of CDRs which contains the 113C11 set of CDRs with the
amino acid sequence of SEQ ID NO: 533 or the amino acid sequence of
SEQ ID NO: 532 substituted for the amino acid sequence of SEQ ID NO:
531 within HCDR3.

2. An isolated specific binding member according to claim 1
wherein the one or two substitutions are at one or two of the

following residues within the CDRs, using the standard numbering of

Kabat:
31, 34 in HCDR1
51, 55, 56, 57, 58, 65 in HCDR2

96 in HCDR3
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IgG ICso () Ki (nM) NSF 0.783 0.710 1252A5 0.302 0.274 G1152H5
0.781 0.708 MAB256 2.94 2.67 MAB5260Z 0.587 0.532 86 CLAIMS: 1.
An isolated specific binding member for nerve growth factor é: G ),
ég%ﬁwg/l‘ﬁé“éﬁ antibody antigen-binding site which is compo§ d/p06/000238
human antibody VS domain and a human antibody VL domain and which
comprises a set of CDRs HCDR1, HGDR2, HCDR3, LCDR1, LCDR2 and
LCDR3, wherein the VH domain comprises HCDR 1, HCDR2, HCDR3
and a framework and the VL domain comprises LCDR1, LCDR2, LCDR3
and a framework, wherein the set of CDRs consists of a set of CDRs

26 seldetdd drord the Ghoug Lordstiny BiPHe 1133C11 set of CDRs, defined
wherein the HCDR1 has the amino acid sequence of SEQ ID NO: 193,

5¢ the HERR2 has the amino acid sequence of SEQ ID NO: 194, the
HCDR3 has the amino acid sequence of SEQ ID NO: 195, the LCDR1
has the amino acid sequence of SEQ ID NO: 198, the LCDR2 has the

90 anfithd-aciF3B3uence of SEQ ID NO: 199, and the LCDR3 has the amino
acid sequence of SEQ ID NO: 200; a set of CDRe which contains one or

3. two aming, acid. substituions,comparedwith the. 43301 set of GRARs;
each set of CDRs as showglfor |n |¥<|)9Illéal cIones in T@b&g f%l_qu&ggof

RRISRE WicK Eortaind the S5t EBREWith the “amino acid

posbierte ofiS ROOHY NOS %éﬁ%ﬁé%ﬁw‘éﬁﬁd bRt OP SEbF i TER

reb8AsYbstiteddoribeiamine acid sequence of SEQ ID NO: 531 within
HCDR3. 2. An isolated specific binding member according to claim 1

Position of Substitute Residue

substitution selected from the group

consisting of

31 in HCDR1:

34 in HCDR1: v
51 in HCDRZ: Y
55 in HCDR2: N
56 in HCDR2: A
57 in HCDR2: v
58 in HCDR2: S
65 in HCDR2: D
96 in HCDR3: N

26 in LCﬁRl:
26 in LCDR1:
27 in LCDRL:
27 in LCDRI:
27A in LCDRL:
27A in LCDRI1:
27B in LCDR1:

U ™ H X =2 @ 3



wherein the one or two substitutions are at one or two of the following
residues within the CDRs, using the standard numbering of Kabat : 31, 34
in HCDR1 51, 55, 56, 57, 58, 65 in HCDR2 96 in HCDR3 WO
2006/077441 PCT/C132006/000238 87 26, 27, 27A, 27B, 28, 29, 30 in
LCDRI 56 in LCDR2 5 90, 94 in LCBR3. 3. An isolated specific binding
member according to claim 2 wherein the one or two substitutions are

28 imademrt the following £10 positions from among the identified groups of

29 1 IEOISE'%@ substitute regidues for each position: Position of Substitute

esidué “substitution selected from the group 15 consisting of 31 in

30 IMCEBRALA 34 in HCDR1: V 2051 in HCDR2: V 55 in HCDR2: N 56 in

HCDR2: A 57 in HCDR2: V 58 in HCDR2: S 25 65 in HCDR2: D 96 in

"HCDR3: N 26in LCDRI: T3026in LCDRI: G 27 in LCDRI: N
56 in LCDRZ2: T

90 in LCDR3: A
94 in LCDR3: G.
4. An isolated specific binding member according to claim 3

wherein residue 29 within LCDR1 is E.

5. An isolated specific binding member according to claim 1
comprising a set of CDRs which contains the 1133C1l1 set of CDRs with
the amino acid sequence of SEQ ID NO: 533 substituted for the amino

acid sequence of SEQ ID NO: 531 within HCDR3.

6. An isolated specific binding member according to claim 1
comprising a set of CDRs which contains the 1133C1l1 set of CDRs with
the amino acid sequence of SEQ ID NO: 532 substituted for the amino

acid sequence of SEQ ID NO: 531 within HCDR3.

7. An isolated specific binding member according to claim 1

comprising the 1133C11 set of CDRs.

8. An isolated specific binding member according to any one of
claims 1 to 7 wherein the VH domain framework is human heavy chain
germline framework and/or the VL domain framework is human light

chain germline framework.

9. An isolated specific binding member according to claim 8

wherein the heavy chain germline framework comprises VH1 DP10.

10. An isolated specific binding member according to claim 8 or

claim 9 wherein the light chain germline framework comprises VL VAL.



27 in LCDRI: R 27Ain LCDRI: T 27Ain LCDRI: P 35 27B in LCDR1: D
88 28 in LCDR1: T 29in LCDR1: E 30in LCDR.1: D 56 in LCDR2: 90 in
LCDR3: A 94 in LCDR3: G. 4. An isolated specific binding member
according to claim 3 wherein residue 29 within LCDR1 is E. 5. An isolated
specific binding member according t8%laim 1 comprising a set of CDRs
which contains the 113301'_ set of CDRs with the amino acid sequence
of SEQ ID NO: 533 substituted for the amino acid sequence of SEQ ID
NO: 531 within HCDR3. 6. An isolated specific binding member according
11. torelaircllacemptising BisetohC DR Wbl contains dhad 138CIY setef of
claiDRstwith othenaatin® acih sequeneenaf SEQUEFNO: 532 substituted for

the amino acid sequence of SEQ ID NO: 531 within HCDR3. An isolated
specific binding membher,accarding to claim 1 comprising the 1133011 set
2. ofEDRE S An islated Spe6iic bl Member ackoring 5 ary on of

claigmihste td &7 WheFSinthe \vHedGialt framerbik IS RumdrhBavY Thafr?
recegermlinedramewdrkraiid/or the V15 dostaptframework is human light
chain germline framework. 9. An isolated specific binding member
accordin claim 8 .wherein the heavy chain germline framework _ .
13, agearaing ta clal B & framework 9
comrs) ises VHI DPI-0. 10. An ies.]é)léaltcécc:j spéLc%l |c%%n(ﬁﬁg§;/ member accaolrgio’ng wo

12 CR5Rkim8or-Efaitrd wherdin &gt BhaHh Gemie Raméworeence of
SEQ €anifsrisexVL Vk.l.

14. A specific binding member according to any one of claims 9 to
13 comprising the 1252A5 VL domain with the amino acid sequence of
SEQ ID NO: 397.

15. A specific binding member according to any one of claims 1 to
14 that binds human NGF with affinity equal to or better than the
affinity of an antigen-binding site for human NGF formed by the
125225 VH domain with the amino acid sequence of SEQ ID NO: 392 and
the 125225 VL domain with the amino acid sequence of SEQ ID NO: 397,
the affinity of the specific binding member and the affinity of the

antigen-binding site being as determined under the same conditions.

16. A specific binding member according to any one of claims 1 to

15 that binds to and/or neutralises human NGF.

17. A specific binding member according to claim 16 that
neutralizes human NGF, with a potency equal tc or better than the
potency of a NGF antigen-binding site formed by the 1252A5 VH domain
with the amino acid sequence of SEQ ID NO: 392 and the 1252A5 VL
domain with the amino acid sequence of SEQ ID NO: 397, the potency
of the specific binding member and the potency of the antigen-

binding site being as determined under the same conditions.

18. A specific binding member according to any one of claims 9 to
11 comprising the 1152H5 VH domain with the amino acid sequence of
SEQ ID NO: 262.
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69 1l. An isolated specific binding member according to any one of
claims 1 to 10 which binds rat or mouse NGF. 12. An isolated specific
binding member according to any one of claims 1 to 11 which
preferentially blocks NGF binding to TrkA receptor over NSF binding to
p75 receptor. 13. A specific binding ¥fember according to any one of
claims 9 to 12 comprising the 1252AS VH domain with the amino acid

19. segepsecerat SEUIDNQ:@%% %qe;&ge@fiecbiedmgaﬂéembei;@ggwdéngo 11
or clté’i%”Xé)”cer‘R %%I%Sggt Qe %E?Q%p%'”go%h‘aei%zé%? )c/l‘,edgrqlalg Véllé&]&he
amino acid sequence of SEQ ID NO: 397. 15. A specific blnd?ng member
sequectordfingi8 dny Brie 6fdlaims 1 to 14 that binds human NSF with affinity
equal to or better than the affinity of an antigen-binding site for human
20. NGEformed-by the; 125245 ¥H domain with the amina.agid seguence of, 1,
SEQ IDtI>IIO: 392 and thg 1252A5‘\t/L domain with the amino acid
O S S UENCE Of SET D N 367 tiis ‘atinfty Stthespscific HIRAMG mefhpar? <P
NO: 3nd the affinity of the antigen-binding site being as determined under the
same conditions. 16. A specific binding member according to any one of
1. CAIMSL19. 5.t binds do andior neulralises human NOF: 12 Aspeciic
' blndslﬁg member acco?dlng to claim % that vneut‘réﬁzese}'uuman N L, with™
or clg pbtéfcy EHialToT6r befter thaRther pttBaLy of & NGRantigén-siRdig
sequssiteefarmeddyr thetd 25245 VH domain with the amino acid sequence of
SEQ ID NO: 392 and the 1252A5 VL domain with the amino acid
55 sequence of SEQ ID NO: 397, the potency of the specific binding
© mermBer i the POEAcH Bt the Aftigert Binding™Site BAIng as dBtdlinined 1*
compjrrdecthersahie ¢onditionsmi8n Avspbcificcbrmding rmembercaoeordingftoSEQ 1D
No: Wy, one of claims 9 to 11 comprising the 1152H5 VH domain with the
amino acid sequence of SEQ ID NO: 262.
23. A specific binding member according to any one of claims 9 to 11
or claim 22 comprising the 1230H7 VL domain with the amino acid
sequence of SEQ ID NO: 367.
24, A specific binding member according to any one of claims 1 to 23
that comprises an scFv antibody molecule.
25. A specific binding member according to any one of claims 1 to 23
that comprises an antibody constant region.
26. A specific binding member according to claim 25 that comprises a
whole antibody.
27. A specific binding member according to claim 26 wherein the whole

antibody is IgG4.
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90 19. A specific binding member according to any one of claims 9 to 11
or claim 18 comprising the 1"152H5 VL domain with the amino acid
sequence of SEQ ID NO: 267. 5 20. A specific binding member according
to any one of claims 9 to 11 comprising the 1165D4 VH domain with the
amino acid sequence of SEQ ID NO:302. 21. A specific binding member
according to any one of claims 9 ~o i0 or claim 20 comprising the 1165D4
28. \VAndosvdiatwithaheidrrnoracidcseguence of SEQHDNONSE7. 2Rebein the
antib%@%cm&bﬂjﬂg%g %%%me;rﬁggwng&@a%ﬁ{ ﬁq&@ af @@iﬁbzngitf?,llmd wnezein
omprising ..he | omain wi e amin sequence 0 _
che 1f RS 380 3. K SpeiFt BITGinG memngh Athoraing 16 A nof e
amincglafhs FegUTRCce drciilith 22 dbmpriging the 1230H7 VL domain with the
amino acid sequence of SEQ ID NO: 3667. 20 24. A specific binding
29, Member aceqrding fo.any ope of claims 1 10 23, that campuses an scEy. .4,
antibody molécule. 25. A specific binding member according to any one of
moleqyiimés t6%%4 - 25 that comprises an antibody constant region. 26. A
specific binding member according to claim 25 that comprises a whole
30. aptibedy.30-22-Asheciic;hinding member according:fa.glaim.26 wherein.. .
the WPO|Q_L antib§d¥ iszlg54. 91 28. Ar}; isolate(il antilbody molgcule%hat Laim 28
Y PirdR haman NGF-Whereld tRE aRtibaal nibiasals Sofprises AvEC ctain
or 2%omeindnd avE domaiddandowhersiprneRaa/id -domain amino acid
sequence is SEQ ID NO: 392 and the VL domain amino acid sequence is

31. SEg?ég&%gé¥é¥%é'according to claim 30 comprising a

pharmaceutically acceptable excipient, vehicle or carrier.

32. An isolated nucleic acid which comprises a nucleotide seqguence
encoding a specific binding member according to any of claims 1 to 27,

or an antibody molecule according to claim 28 or 29.

33. A host cell in vitro transformed with nucleic acid according to
claim 32.
34. A host cell in vitro transformed with

an isolated nucleic acid comprising a seguence encoding the VH
domainkof a specific binding member according to any of claims 1 to 27
or encoding the VH domain of an antibody molecule according to claim 28
or claim 29 and

an lsolated nucleic acid comprising a sequence encoding the VL
domain of a specific binding member according to any of claims 1 to 27
or encoding the VL domain of an antibody molecule according to claim 28

or claim 29.

35. A method of producing a specific binding member or antibody
molecule, the method comprising culturing host cells according to claim
33 or claim 34 under conditions for production of said specific binding

member or antibody molecule.



1

10

15

20

25

30

35

36.

5 29. An antibody molecule according to claim 28, wherein the antibody
molecule is IgG4. 30. A composition comprising a specific binding
member according to 10 any one of claims 1 to 27 or an antibody
molecule according to claim 28 orég, and at least one additional
component. 31. P_ composition according to claim 30 comprising a
pharmaceutically acceptable excipient, vehicle or carrier. 15 32. An
isolated nucleic acid which comprises a nucleotide sequence encoding a
spegific-Rindingsnember aceordingto anyafglaims a2y 9kaNating
antibody molecule according fo claim 28 or 29. 20 33. A host cell in vitro_

d )/ L . z =
9/ Sranstormed with nucleic acid according to-craim 32. 34 A Rost Eafih

37.

vitro transformed with 25 an isolated nucleic acid comprising a sequence
encaedingthe Md rdomaitncot-aspedfic binding merabelaccordingte athg

rormAlAaipsd Lo 47, arencading ihe Y domain QRQ%%'&%%QXJQQE%C%&Q a

according to claim 28 or claim 29 and an isolated nucleic acid comprising

compag SeguenceeHEoting the Y15 B0 8BnTaIN 6f 8 ¥pedifittifdiy member

according to any of claims to 27 or encoding the VL domain of an
antibody molecule according to claim 28 or claim 29. 35. A method of
producing a specific binding member or antibody 35 molecule, the method
comprising culturing host cells according to claim 33 or claim 34 under
conditions for production of said specific binding member or antibody
molecule. 91a 36. P_ method according to claim 35 further comprising
isolating and/or purifying said specific binding member or antibody
molecule. 5 37. A method according to ¢c_aim 35 or claim 36 further
comprising
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formulating the specific binding member or antibody molecule into a
composition including at least one additional component. 1C ~ 5 20 25
30 3392 38. A method comprising binding a specific binding member or
antibody molecule according to any one of claims | to 29 to human NGF
or a fragment of human NGF, wheré# said binding takes place in vitro.
39. A method according to claim 38 comprising determining the amount
of binding of specific binding member or antibody to NGF or a fragment of
38. NBIgadseBira speeHidbiitting metabet Seeordindfy ahgose oftlaimsody
moleclull® 22c6F@mantibogyymelecule acearding tooclaim:28 wialaim@9,dp the
£ ragfBARUIACHE of & mediGament f%%f{ga@r?ﬂn%f a condition in which, NGF
plays a ro'e, wherein the condition is selected from the group consisting
of pain, asthma, chronic obstructive pulmonary disease, Id pulmonary
39. fibrosishotherc@cdiseasescot-arways s nflanpmiationy diabetioineurppathyamount

of pERAdIRC arrbythmias, HIV.canbrifisnpsoriasis and.cagcer jidd- & speeificnent

binding member according to any of claims | to 27, or an antibody
of NGE. . : . ]
molecule according to claim 28 or claim 29, for use in treatment of a

condition in which NGF plays a role, wherein the condition is selected
40. fromethe groupcansistingefipainasthma,cko £ranic-:ebstyuciNe of claims 1
to zf’,“'%“rona%wa%'&g.@a&cﬁag Rulmonary @%rc%%'é&%%h% diseases PTAMRY, ¢ 25, in
inflammation, diabetic neuropathy, cardia
the manufacture of a medicament for treatment of a condition in which
NGF plays a role, wherein the condition is selected from the group
consisting of pain, asthma, chronic obstructive pulmonary disease,

pulmonary fibrosis, other
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arrhythmias, HIV, arthritis, psoriasis and cancer. 42. Use or a specific
binding member or antibody molecule according 15 to clam 41, wherein
said treatment is of pain. WO 2006/077441 PCT/G82006/000238
SEQUENCE LISTING <110> Cambridge. Antibody Technology Limited
<110> Elan Pharma International Lifnited <1.20> Specific Binding
Members for NGF <130> SMW/CP6347033 <1.40> <14 1> <150> US
60/645,587 <151> 2005-01-24 <160> 537 <170> Patentln version 3.1
diseas2302rl £24% 396r <ak2> DNA 9248>-Home sapiensy<220xi5223>
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41. gatgggagggcatcgtcccea teittggticcaacaaactac d 8&ngoatagasgitctagggrag or
an arAGiCacQathaccgeggacyd Aalicacqag cacageaeal;, 240 atggagctga, yse in
ca%cct ac atct cggac a,cg%%cgtat attactgt cg gra ]gcagt 300 gacttatatt

treatiien on. in e

fa0tgGlgd tA386Gctal yddodcdte Attadtadts ctadatygac 560 *gttg85ggc
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