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#1

TLOEE #lFEE R 7F LWEHR
Ala(a) val; Leu; ile val
Arg (R} lys; gln; asn lys
Asn{N) gln; his; lys; arg gln
Asp(D) glu ; asn glu
Cys{(C) ser ; ala ser
GIn(Q) asn; glu asn
Glu(E} asp; gln asp
Gly(G) ala ala
His (H) asn; gln; lys; arg arg
Tle(T) leu; val: met; ala; leu

phe; /e iy
Leu(L) Jhuf¥y; ile; val; ile

met; ala; phe
Lys{K) arg; gln; asn arg
Met (M) leu; phe; ile leu
Phe (F) leu; val; ile; ala; tyr tyr
Pro(P) ala ala
Ser{8) thr thr
Thr (T) ser ser
Trp (W) tyr; phe tyr
Tyr(Y) trp; phe; thr; ser phe
val (V) ile; leu; met; phe; leu

ala; Jyediy
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[ #*3

[

[| Mab ID TAYEL| FTA=ZL | Fw b kC|A &/ 7 0 | ik

E 7 TEHE k DFEA v b Kd@M)

[ KIRA/PC12 NE/Red.

[thMabs NR Red.

[

(1 251 G2 (+++/+++) NO ++ ++ 12

[l 612 G2 (+++++++4) NO + 12.5

E 6.4.1 G2 (++++/++++) YES 12

[ 2344 G2 (+++1+++) NO ++ 19

(| 2345 G2 (F4+++++4) NO ++ ++ 12.1

(| 2348 G4 (HH+++++1) NO ++ + 23

[| = A Mabs

[

E 2248 G2a ++) NO +++ 5.9

| 2250 G1 (++++) NO ++ ++ 8.7

(| 2253 Gl (++14) NO ++ 4+ 42

[| 2256 G1 (+14) YES ++ 4+ 62
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=4
SPRIZE»THIEL-HEEHIME. BEMfegD-trkC (400-600 RU) ~D1
gGOES., RUAEETI gG (1000-3000 RU) ~®gD-tr k CORAICHE
THRHERETT, NDB=RHTEXRVES,
Ka(nM)

i (IgG) EE{k gD-trkC EEl IgG

2248 5.9 8.5

2250 8.7 28

2953 42 51

2256 62 300

2344 19 NDRB

2345 12 NDB

2349 23 NDB

6.4.1 12 28

6.1.2 13 16

2.5.1 12 NDB
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[ trkCFI=X PEIROP=HDTaquan RT-PCR
(A, 7O0-TRUOTI17—
NFL
F-CAGCAGAACAAGGTCCTGGAA 2IMER (RZFIESE : 7 2)
R-AGCGGGAAGGCTCTGAGTG 19MER  (RZFI#H : 7 3)
P-AGCTGTTGGTGCTGCGCCAGAA  22MER (REABS : 7 4)

NSE
F-TCCATTGAAGACCCATTCGAC 2IMER (BZFBE : 7 5)
R-GCCGACATTGGCTGTGAAC 19MER (RCFUE#= : 7 6)
P-AGGATGACTGGGCAGCTTGGTCCA  24MER (BdFIB&H : 7 7)

L

L

{

L

C

C

L

C

L

L

TREKC

: F-CAGCCCACTGCACCATATCA  20MER (K{F[#5 : 7 B)
: R-CTGTATCCGGCCCAGCAT 18MER (RCHIES : 7 9)
E P-CCATGGCATCACTACACCTTCATCGCT 2TMER (RE#ES : 8 0)
L

C

L

L

{

L

C

C

L

C

L

L

CALRET
F-TGGGAAAATTGAGATGGCAGA  21MER (KIF|#5 : 8 1)
R-GCTGCCTGAAGCACAAAAGG  20MER (KCIH[#5 : 8 2)
P-CGCAGATCCTGCCAACCGAAGAGA 26MER (KCFI®/S : 8 3)

PARVALB
F-GACACCACTCTTCTGGAAAATGC  23MER (KCFIH/S : 8 4)
R-TTGCCAAACCAACACCTACCA  2IMER (RZ#I#5 : 8 5)
P-ATCGGACACCACCTGTAGGGAGGACC  26MER (RZFES : 8 6)

GAPDH
F-CAGTGGCAAAGTGGAGATTGT 2IMER (BZFIBS : 8 7)

R-AATTTGCCGTGAGTGGAGTC 20MER (EFE% : 8 8)

O
L
[ P-CCATCAACGACCCCTTCATTGACCTC 26MER (REFI#S : 8 9)
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MAL 2250 E# :

CABGTCCAACTECAGCAGTCTEGEGCTEAGCTEATECACCCTERGECCTCAGTGAAGATA
TCCIGUARGTCTACTGECTACACATTCAGTAACTICTGCATAGRG TGEGTAMAGCAGAGG
COTGRACATEGCCTTGAGTGGATTGGAGAGATT TTACC TGGCAGTGATARTACTARCTAC
AATGAGAAGTTCAAGGGCRAGGCCACHTTCACTGCAGATACATCCTCTARCACAGCCTAC
ATGCOAACTCAGCAGCCTGACATCTEACGACTCTGCCGTUTATTACTGTGCAAGRARGAAT
COTARCTACTATGGTAACTACGTTCTATECRECCARBGEACTCTGGTCACTGTCTCTGCA

Mab 2250 £ :

GACATIGTGATGACCCAGTCTCCTGCTTCCTTAGCTOTATCTCTGREGCAGAGERCCALC
ATCTCATACAGGGCCAGCARAAGTGTCAGTACATCTGGU TATAGT TATATGCACTGGRAC
CARCAGARACCAGRACAGCCACCCAGACTCCTCATCTATCTTGTATCCARCCTAGAATCT
GEEGTCCCTECCAGETTCAGTEGCAGT GGG TCTGUEACAGACTTCACCCTCARCATCCAT
CCTGTGGAGEACCGAGEATGC TGCARCCTATTACTGTCAGCACATTAGGGAGCT TACACGT
TCGGCTCCEEGACARAGTTGGRARRAACGE

ogoogano

4Ab 2253 k-

CAGETCCAGCTECAGCAGTCTGEAGCTGACCTEATCCAGCCTGEEACCTCAGTEAAGATA
TCCTGCAAGTCTACTGECTACACATTCAGT AACTICTGGATAGAGTCGGTAAAGCAGARG
CCTEGACATCGCCTTEAGTGGATTGORAGATT TTACCTGECAGTCATAATACTARCTACK
BTGAGAAGTTCAACCGCARGECCACATTCACTGCAGATACATCCTCCAACACRGCCTACA
IGCAACTCAGCAGCCTGRCATCTGAGGACTCTGCCGTCTATTACTGTGCAAGARAGAATC
3TAACTACTATGGTAACTACGTTATCTRCGECGCAGECACCACTCTCACAGTCTCCTCA

MAbL 2253 338 H

CARRTIGTGCTCACTCAGTCTCCACSCAATCATCTCTGCATC TCCAGGGEAGARAGETIACC
ATAACCTGCAGTCCCAGLUTCARCTGCTRAGTTACATGTACTGGTT
CCAGCAGARGCCACGCACT TCTCCCARACTCTGGATTITATACTACATCCARCCTCRCTTC
TGGAGTCCCTGCT CCCTTCAG TAGCAGTGSATCTGEGACCICTTACTC TCTCACAATCAG
CCGARATGGRAGCCTGARCATEC TGCCACTTATTACTGCCAGCARAGEAGTAGT TACCCGCT
CACGTTCGGTCCTGOEACCARGCTEGARCTARARCGE

ooooao

A, Hib 2349 L] H

CAGGTGCRGCTGCAGSAGTCGGGUCCAGCACTGG TEAAGCCTICACAGACCCTETCCCTC
ACCTGCACTGTCTCTGGTGGCTCCATCACCASTGETTATTATTATTGGAGCTGCATCCGC
CAGCACCCRGGGRA CIGCAGTGOBATTGEGTACATCTATTACACIGEGAGCACCTAC
TACAACCCOTCCCTCAAGAGTCGACTTACTATCAGTAGACACGT CTAAGAACCAGTTCTC
CCTGAAGCTGAGCTC TG TGACTGCCBCECACACGGCCETGTATTACTETGCGAGAGATGCG
CGATAGCAGCAGCTGGAACGGACTACTACTACARCGETTTGGCCATCTEEGGCCARCLEGAL
CACGCTCACCETCTCCTOA

MAbL 2349 L]

CEARTTRTGTTGACGCAGTUTCCAGECACCTTIGTCT T TGTCTCCAGGOGRRAGRGCCACT
I TCTCCTGCAGEGCUAGTUAGRGTGGTAGCAGCACCTACTTAGCTGETACCAGCAGARAAC
CTEGCOAGECTCCCAGGCTUCTCATCTATGGTECATCCABCAGERCCACTGRCATCCCAG
ACAGETTCRGTGGCAGTGEGTCTEGGGACACACTTCACTCTCACCATCAGCAGACTGGAGC
CTERAGRTTTTGCACGTGTATTACTGTCAGCAGTATGGTAGS TCACCTCCGATCACCTTCG
GCCARGGGACACCACTGGAGATTAAACGA

gogod
MAb £.1.2 R H

CAGGTGCAGCTGCAGGAGT CGEGCCCAGCACTGETEAMGCCTTCACAGACCCTGTCCCTC
ACCTGCACTGTCTCIGGTGGCTCCATCAGCAGTEETGGTTACTACTGEAGCIGEATCCGC
CRBCACCCAGGOARGCECCTEGAGTGEATIGGE TACATCTATTACAGTGGGAGCACCAAC
TRCAACCCETCCCTCAAGAGTCGRAGTTACCATATCACTRCACACGTCTARGAACCAGTTC
TCCCTGAAGCTGAGCTC TG TGACTGCCECECACACCGCOGTGTATTACTCTACCGAGAGAT
CEGGACTATGRTAGTACCGGEGEATTACTACTCCTACTACGGTATECGACGTCIGGEGLCAA
GEGACCACGGTCACCGTCTCCTCA

Mab §.1.2 iR d

GATATCCAGATGRCCCAGTCTCCATCCTCCCTSTCTGUATC TGTAGCAGACAGAGTCACC
ATCACTTGCCEGGCARGTCAGGECATTAGARATGATTTAGECTGG TATCAGCAGAAACCA
GGGARAGCCCCTAAGCGCCTGATCTATCCTGLATCCAGTTTECARRGTEGGETCCCATCA
AGGTTCAGLGGCAGTEGATCTGEBACAGAATTICACTCTCACAATCRAECAGCCTEGCAGCCT
GRAGRTTTIGCAACTTTTTACTGTCTACAGCATRATAGTCTTCLGCTCACTTTCGECGRA
GGGACCARGGTGGAGATCAARCGA

(64)
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Mak 2236 Fif B

CAGGTCCAGCTGCAGUAGCITEEGECTGAACTGETGAARCCTEEGECTTCAGTCAACGCTG
TCCTECAAGRCTTCTEGCTACACCTT CACCAGUTACTEGATECACTCGE TCAAGCAGATG
COTGEACARAGGCCTTGAGTGEGATTGGAGAGATTTATCCTAGCAACGETCGTACTAACTAC
AATGAGAAGTTCAAGAGCAAGGTCACACG
ACTGTAGACARATCCTCCAGCACAGCCTACATGCAACTCAGCAGCCTGACATCTGAGGAC
TCTGCEGETCTATTACTGTGCARGRARATATTACTACGCTARTAGCTATCCTICCTEATAC
TTCGATGTCTGRGGCRCAGGCACCACTCTCACAGTCTCOTCA

Mab 2256 2] :

GACATTEIGCTEACCCAGSTCTCCAGC TTCTTTGGCTGIGTCTCTAGGGCABAGEECCACT
ATCTCCTOCAGAGCCAGUGAAAGTGTTGATAATITATGCCATTAGT TI TATGARITGGTTC
CAACAGRARCCAGGACAGCCACUCARACTCCTCATCTATGC TGUATCCARCCARGEATCC
GLGETCCCTECCACGTTITAGTEGCACTEEETCIGGEATAGACTTCAGCCTCARCATCCAT
CCTATGRAGGAGGATGATACTCCAATGTAT TICTGTCAGCRARG TARGGAGGTTCCTCGR
ACGTTCEETCEAGECACCARGCTGGRGATGARACGG

gooagao

A

MAL 2345 L3 H

CAGGTGCAGCTGCAGGAGTCEEGCCCAGGACTGGTGARGC I T TCACAGACCCTETCOCTC
ACCTGCACTGTCTCTEETGHCTCCATCAGCAGTGE TGETTACTAC TGEAGC TACATICGD
CAGCACCCAGRAARGGGCCTGOAGTEGTTCOS TACATCTTT TACAG TGAGARERCCTACT
ACARCCCGTCCCTCAAGAGTCGAGTTACATATCAG TACACACGTCTAAGAACCAGTTCTC
CCTGARGCTGAACTCTGTGACAGCOGCAGACACEGCCETGTATTACTEOTECOACAGAGCE
GATAGCAGCAGCTGETGCGGACTALTACTACAACG G TTTGRACGTC TEGERCCAAGEGAC
CACGGTCACCETCTCCTCA

MAD 2345% it H

GARRTTGTGTTGACGCAGTC TCCAGECACCC TG TCT T TG TC T COAGEGGAAAGAGCCACT
CICTCCTGCAGGECCAGTCAGAGTETTAGCAGCARCTACTTAACCTGGTACCAGCAGAAR
CCTGECCAGGCTCCCAGECTCCTCATCTATECTCCATCCAGCAGEGCCACTRGCATCCCA
GACAGGTTCAGTGECAGTCGRTCTCEGACACAC T TCACTCTCACCATCAGCAGACTCGAG
CCTEAAGA I TTTGCAGTGTATTACTGTCAGCAGTAT OO TCGCTCACCTCCGATCACCITE
GECCARCGCACACGACTGOGACATTARACGA

oooogao

A,

MAb &.4.1 A

CRGEGETGCAGCTGCAGUAGTUGGGCCCAGGACTGETEAGGCCTICGRAGALCCTETCCCTC
ACCTGCACTIGTCTCYGETGECTCCATCAGTACTTACTACTGGAAC TEGATCCGGECAGCCT
GCCGBOAAGGEACTGEACTECATTCRRCG TATCTATACCAGTGGGAGCACCAACTACARC
CCCTCCCTOARGAGTCEAGTCACCATGTCAGTAGACACGTCCARGARCCAGTTCTCCCTG
ARGCTGAGCTCTGTGACCGCCECCEACACGECCETGIATIACTGTGUGAGAGATECCEGEC
TACAGTAACCCTTTTGACTACTGGGCCCAGGEAACUCTGETCACCGTCTCCTCA

MEb 5.4.1 @ :

BATATCCAGATEACCCAGTCTCCACGACTCCCTGOUIGRIGTCTCTGGGCGRGAGEECCACT
ATCAACTGCARGTCCAGCCAGRATCTTTCATACAGC TCCARCARTAAGRACTACTTAGCT
TGETACCAGCAGARACCTEGACAGCCTCCTAAGCTS
CTCATTTACTGGGCATCTACCOGGEARTCCGEGETUCCTGACCGAATCAGTGGCAGCEGE
TCTGGGACAGATTTCACTCTCACCATCAGCAGCCTCCAGG U TGARBATG TGGCAGTTTAT
TACTGTCRACRACATTATAATACTCCACTCACTTTCGECCGAGGGACCARGGTGRAGATC
ARACGR
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Treatment with tr«C Agonists Reverses Clsplatinum-induced Sensory

Naurovathy

on velocity fm/s)
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TR agonst

kC agorist
2256 I3

hiclegical activitics of NT-3,

degenerion. including nerve el damage associated with actite nervaus cell sysiem injury and chronic nemtedegeneranve diseases
including pesipheral acuropaihy.
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AGORIST ANTI.TRK-C MOROCLONAL ANTIBODIES

Backqround of the Inyentien
Tield of the ventiog

This invention cancerns agonist anti-trkC monochonal entibodlies. It furiher cancems the use of the agonist

in the pi ion ansdlor af cellular inclding narva coll damage associated with

aring nervous call system ijury and chranic neurodegenerative diseases, inchiding periphesal newropathy.

Bescription of the Related Art

Neurntrophins are a family of smel, basic proteins, which play a crucal role in the development and
maintenanee of the nerveus system. The first identified and probably best undersiood member of this family is nerve
groweth Factor (NGF), which has peominent affects an develaping sensory snd sympathetic neurns of the peripheral
narvous System {LeviMontalcini, R, and Angeletti, P.C., Physiol. Rey, 48, 934-569 [{9581 Thoenen, H. of af, Rev.
Physigl. Biochem. Pharmacol. 109, 145478 [18671). Although NGF had been knawn for a iang time, including 3
homolag from the mouse submandihular gland, the mature, active form af which is often referred to as - or 2.68 N&F,
it was enly many years later that sequentialty related dut distinct polypeptides with similar functions were identilted.

The first in line was a facror rallgd brain-derived neurotrephic fsctor (BDNF, which was claned and
sequenced by Leibrack, J. & &7 (Najors 341, 143-152 (1989)) This tactor weas originaily purified fras pig brain
{Barde, Y.A. ef 5f, EMBD J. 1, 548-653 |1882]), but it was not uniil ils cDNA was cluned and segaenced that its

horeolagy with NGF became apparent. The averall amino acid sequence identity batwesn NGF and BNDF is about
50%. It views of this finding, Leihirock et al. sperulaied that thers was no reason t thinl that BONF and NGF shauld

i b iati

be the only members of & family of neurstrophins having in commen | i f

Indaed, further neuratreptins clossly related to -NGF and BONF have since been discovered. Several grovps
idantified a newratrophin originalty calied neuronal factar {(NFL. and now referred 1o as neuroraphin-3 (NT-3) (Ernfars e
af, Prog. Mall. Agad. Sci. USGA B7, 6454-6468 11990 Wakn et af, Naturs 344, 333 [1950]; Meisanplere er ai,
Sclenca 247, 1448 (1990); Rosenthal ef 41, feuron 4, 767 (1880); Jones and Heichardt,}’?rou Natl. Acad. Sci. USA
B7, BOB0-B064 {1964); Kaisha or 2, FEBS Lent. 266, 187 [1930). NY-3 shares ahout éﬂ% of fis amine acids with
both -NGF and BONF [NT-2). Naurotrophine-4 znd -5 {NT-2 and NT-5), have been added to the family .3, Patent No.
5,364,789 issued November 15, 1994; Kallbaok, F. &¢ &/, Neuroq G, 549-858 11991); Berkmeisr, L.R. &t 3, Heuron 7,
B57-866 [1991%; ip ef o, Proc. Nadl. Acad. Sci USA 88, 3060-3084 [1382]). The mammelian melecule initielly

testribed by Berkmeier #f f supra, which was subsequently seen to be the hamolog of Xenapus NT-4, is usually
refented to as NT-4/5. In addition, thers is an acidic homologous pratein described in mammals which i3 referrad ta as
NT-G |Barkemeir, @t o, Samat. Gell Mol. Genet. 18(3}:233-246 [1982)). Mare recently, another homolagus pretein
from the fish, Mofophorus has also buen laheled NTB (Gotz &f )., Nature 372:265-260 [1084]. There are twa

proteins dpsoribed in the lzarature 4s NF-7, ong clenad Horm the catg, Cpprisas, {Lai, ot 24, Mel. Call. Newrosc, 11[1
-1-
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2):4-76 [1988] and ove fram the 2ebrafish. Deaio Milsson er af, FEBS Lavrars 424(31:285-60 [1882]1. None of these
fast three described fish neurotraphing has heen described outside fish, and tireir relationship {0 any marpmalian
netrotraphins is wiclesr.  The smine acid sequence of zabratich naurotrophin 7 (2NT-7] i mare clasely relaied to that
of fish nerve growth facior (NGF] end neuratraghin (NT-B] than to that ef any nther neuratrophin. zNT.7 i,
howaver, squally Telated to fish NGF and NT-6 (65% and 63% amino acid sequence identity, respectivelyl indicating
that it represents & distinet meuratrophin sequence. 2NT-7 contains 2 15 aming acid residue in a beta-tum region in the
middla of the raature protein. Recembinant zNT-7 was able to bind to the human p75 newrotraphin receptor and 1o
induce tyrosine phospharylation of tha rat kA recentor tyrosine kinase, elbelt less efficiently then rat NEE. 2MT-7 did
nat interaet with rat kg or trkC, indicating & similar racaptar specificity as MGF. We nropese that a divarsification of
the NGF sulbfamily in the newrnirephin evalutionary tree orcuiar during the evaltion ot teleost Rishes which i the
appsaranee of severs! additional members, such as zT-7 and NT-8, is strusturaily ane functionally refated fo NGF.

Newrotrophing, simiarly to other polypepiide growth factars, atfect their 1arget colls throuph interactions
with cell surface recepters, According to our eurrent knowledge, twa kinds of transmembrana glycaprotsing seive 35
recepiors for neurotrophing, Equiliteium binding studies bava shown that neuratraphin-respansive neurans possess @
corraon low melecular weight (B85-80 kDal, low affinity receptor (tNGFR), also terrmed as g75"™ or p78, which binds
NGF, BONF, and NT-3 with a K, uf 2 « 107 M, and largs molecular weight {130-150 kDal, igh affinity (K, in the 10"
M receptars, which are members of the trk family of the receptar tyrosing kinases.

The first mamber of the wk receptor family, e, was initially identified as the result of an oncopenic

transfarmation caused by the 4 tian of trap in seq onio its catalyiic domain [Martin-Zanea &f 4.,

o). Call, Bicl, 9¢1:74-33 (1889]). Later work identified trkA as a signa! transducing receptor for NGF, Sulisequently,
o aiher refated recepmré, mause and rat trkE (Klgin of 24, EMBO J. 8, 3701-3709 (1960; Widdlemas ¢¢ af, Mol.
Gell. Biol. 11, 143-153 |1981%; EF 455,460 published & Moverber 1991] and parcine, mause and rat tkC {Lambelle of
2, Cell 65, 967-979 11991]; EP 522,530 published 13 January 1983), were identified as members of the tik receptor

family. The structores of the trk receptars are quite sintlar, bwt siternate splfcing increases the commplexity of the
family by giving rise 10 twn known forms of trkA, three knewn forme of kB [ear without funetional tyrosine kinase
domains) and at least four forms of 4tkC (several without fumetiana) rysosing kinase damain, and twa with smafl
ingerts in the tyrosine kinase domain).

Tha rale of the p?5 and trk receptors is conteoversial. I s generally accepled that itk recepter tyrasing
kinases play an impertant rola in conferring bisding specificity to a particular nsurotophin, however, cell Ines
expressing kA bint not only NGF but also NT-3 end NT-4/5 (but ot BDNF), #rkB expressing cells bind BONF, NT-3,
WT-4, and NT-4/5 {hut not NG}, in contrast te 17k 8-expressing cells which heve been reporved ta bind NT-3 alore (but
not the other neurgrrophingl. Furthermare, it s been shown in madel aystems that the various forms of tik
raceptors, arising from sltemate splicing events, can activate different intraceHular signslling pathways, and therefare.

presumably mediata differant physiological functions in vive. It is unelear whether sells edprassing & piven trk ressitor
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ift the alissnce of 0733 bind neurotraphins with low ar high affinity (Meakin and Shaster, Trends Newrgsci. 15, 323-331
[19g2).

Published results of studies using various cell ines are confusing and sngpest that p78 is either essential or
di ble for hin responsi . Gait linas that exprass p75 alone bind NBF, BONF, NT-3, and NT-4 with

sisnilar Inw affinity 2t eguilibrium, but the bindiog rate constaots ars rematkahly different. Asa l%ull..al(hnugh 775
hinding is @ camnan properiy of all neuratrophiins, it has bean suggested the 75 racaptor may alse play a rola in figamd
diserimination (Rodriguez-Tebar et al., EMBQ J. 11, 817-822 [1892]). While the frk receptors have been traditionally
thought of a3 the hiologically significant neuratraphin recepiors, it has recently heen demonstrated that in melanoma
cells davaid of trkd expression, NGF can still eficit profound changes in biological hehavier prasumably shrough p75h
[Hertmann e 2/, Mal. Bigl. Ball 4, 1205-1216 [1993]). Davies e &/ (Neuron 11, 686-674 [1883)) reperted the resulis

of studies invastigeting the role of p79 in mediating the survival respanse of erabryanic peurens 1o neuratrephins in a
raadel 6f transgenic mice earrying a null mutation in the 78 nene. They found that p75 enhances the sensitivity of
WEF-dependent cutanaqus sensary neurens 1o NGF. There hava naw been many studies showiny that p75 is capable
of mediating at feast some of the hiological effects of the neurctrophins. The field is still samewhat cantroversial, but
p78 signaling has been implicated in contralling cell death, and naurite autgrowth, (Barker, PR, Eell Death Biff. 5:346-
356 [1998} Bredesun #¢ &7, Cell Depth DiFf. 5:357-354 [1498); Casaccia-Boonetil, st 2L, Cel Death Diff. 5:357.364
[1998%; Raaul st af, Gure, Op. Neurohiol. 10:111-117 (2000 Davies, AM. Gorr. Biel. 10:R198-RZ00 [20007).
Impartantly, stimulation of a75 has been shown to madify the effects af stimulating trkG (Hapner, 2f af, Developm.
Biol. 701:50-100 [1588].

The extracallular domains of full-length native trkd, kB and trkE receptors have five functional domiains,
that have besn defined with refarence to fomologous or otherwise sicilar stuctures identified in various other
proteins. The demains have been designated sterting at the N-tarminus of the emino acic segeence of the mature 17k
weceptors as 1) 6 first cysteinerich domain extanding from aming acid position 1 1 about aming acid pasition 32 of
hurnan trkA, from aming acid pasition 1 to ahaut aménn acid pasition 36 of human trkB, and fram amine areid pasition 1
ta abour aming acid position 48 of hunan 1kC; 2| & teucine-rich domain stretching frem about amino scid 32 to sbout
2ming acid to huot amine acid 104 in tkA; from about awing acid 37 to about aming acid 105 in trkB, and from
gbout amino acid 49 to ahout amine acid 120 in 4kC; 3] & second cystainerich domain frer about amino aeid 105 to
ebout amine acid 157 in trk&; from about aming acid 109 te sbout smine acid 164 in tkB; and from ahout amin zeid
124 ta abaut amino zcid 177 in tkC; 4 @ first immunoglobulicfike domain stretching fram zbaut amino acid 176 to
shout aming acid 234 in trkA: from about ming eeid 183 to ahout amino acid 23§ in trkB; and fram about aming acid
196 to about aming zcid 267 in trkC; nd 5} & second immunaglelilin-like dumain extending from about aming geid
264 to about aming ecid 330 in trkA; fram sbaot aming acid 270 to about amino acid 334 In trk; and fram about
aminn acid 288 ta about amina acid 351 i rkC.

Meoratrophing exhibit actions on distinct, but avarlapping, 3e1s of penpheral and central ngurens. These

etfects range fram playing 2 crucial rale in ensuring the survival of developing neurons [NGF in sznsary and
3.
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sympathetic neurcns) to relatively subtle effects on the morpholagy of neurans (NT-3 on purkinjs celis). Thase

actliitios fave led te interest in using neurstrophing as of certain nsurade; ive diseasss. NT-3 has
alsa heen found to pronwia praliferation of peripheral biood leukoeytes and, 3s a result, it has been suggested that NT-
3 can be used in the treatment of neutropenia, infectious disease and tumors (LS. Patent No. 6,015,552 jssued an
June 18, 2600).

The rales of neuratrophins in tagulating cardiavascular develspment and maodutzting the vascular respanse to
ijury have alsa been investigated [Donovan of &/, Nalre Ganetics 14:210-213 [1996); Donovan of &, A, Path.
147:309-324 1995} Kraemer ¢f af, Arteriol. Thiomb. and Vasc. Biof. 19:1041-1060 [1889]). Newratrophins have

treen describadt as potential therapeutics for regulating angiogenasis and vastular integrity {PET Publication W8
D0/24415, publisked May 4, 2000).

Despite their promise in the treatment of cellular degeneration, sueh as eccurs due to naurgdegenarative
tisease and acute neuronal injuties, and poteniially angiopenesis, newrotraphins have sevaral shortcamings. Ons
sigrificant shartcoming is the fack of specificity. Most neurairaphing crass-react with mare than ons receptar. Far
sxampla NT-3, ths preferced ligand of the kG receptor tyrosine kinase, alse binds to and activates trkd and kB
{Barbacid, J. Neyrobial. 25:1386-1403 [1994); Barbareid, Arn. New York Acad. Sci. 766:447-458 [1986]; Ryden and
Ikanez, J. Biol. Chem 271:5623-5827 [1996]; Bellivasa e &/, J. Gell. Biol. 135:375-388 (1987]; Facinas ef &f,
Heurgn 21:325-334 [1998)). As a result, it iz difficutt ta devise therapies that target a specific population of meurons.
Anothes limifation af neurotraphin therapy is that newratrophins, including NT-3 are known to elicit hyperalgesiz
{Chauthwy, er af, Muscle and Narve 73:189.182 [2000]. In agdition, some neurotrophing sach as NT-3 hava paor
pharmacakinetiz and hinavailzhility propsrties in rodents, whick raise sedous (uestiong about their hursan clinical
applications (Haass af &f, J. Mewal. Sci. 160:397.5109 [1998], dusages used in Helgren ef af, J. Wewrosel
I73:372-B2 11952, and date belaw).

Kecardingly, there is @ great neod fur the development of new therapeutic agents for the lreatment of

naorodegensrative disorders and scins narve cell injurias that are devaid of the known sharicamings of newrotrophins.

Suromary of tha Invention

The carrent invention is based an the development and cherzcterization of agonist anti-wk€ moroclanal
antibodiss, dirscted against spitopes in the exiracelldar domain ef tekC receptor. which mintic the biolagicai acrivities
of NT-3, the natutal ligand of tri<G receptor but are tree of some gf the known detriments of NT-3. The invention alse
damonstrates the usefuingss of these agonist antibodies in the weatment of nedropathy in an sxparimental aninal
madel. Anti-tikC agonist antibadies offer numarous advantages over NT-3 in propitlactic or therapeutic treatment of
sellular degeneration, such as nerve cell damage, in partieilar nerve cel njury assopiated with neuradeganarative
diseases, such as peripheral neuropathies ar due to externsl factars, such as trauma, toxic agents, surgery, just to
mention & few.

In one aspect, the invention soncerns an agonist anti-trk moneclonal antiody which
4
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[t/ shewws no significant cross-reactivity with trikA ar tikB; and
1bj recognizes an epitepe in domain 5 of trkC.

Certain agonist antihadiss of the prasent invenlian may additionally recognize an epitepe in demain 4 of tkC.
In a preferred embodiment, the antibadies bind both human and rodent {a.g. rat or mouse) trkE, and may be muring,
chimeric [including humznized) or human antibodies. The anfibadies mimic at feast ong activity of the native 1rkC
ligard, NT-3, and may thus he sHactive in the prevention andjor treatment of varlous dissasss involving ceflular
degeneration, incloding, for example, neurapathies, such as cisplatin or pyridoxine-induced neuropathy, or dishetic
neuropathy, ang (where celiolar degeneration involves hong marrow call degenaratian) disorders of insufficient Blood
calls, such as levkapenias including ensinopenia andler besopenia, fymphupenia, monocytepania, and neutroperia. Ina
perticulorly preterer embodiment, the aganist antibodies of the present invention show superior propsrties evar NT-3,
for example, do not cause hyperalgesis when adntnistered to a patient, have increased bioavailability andlor higher
specific activity as compared to NT-3.

In anather aspect, the invention concerns an antt-trkC antibody heavy chain cormprising the Following GOR's:
a LOR1 selectad from the group consicting of SEQ 1D MOs: 1, 2, 3, 4 and 5; a £DR2 selected from the group cansisting
of SEQ 10 NOs: B, 7, 8, 9. 10 &nd 11; and & CDRA selected from the graup cansisting of SEQ 10 NOs: 12, i3, 12, 15,
16 and 17,

In yat anather aspeet, the invention cancems an anti-tkC antibedy light chain comprising the follewing
CRR's: 3 LDR] selectad from me proup consisting of SEQ (D NOs: 18, 19, 20, 21, 22, 23 and 24; 2 CDB2 solected
fram the group consisting of SEQ D NOs: 25, 26, 27, 38, 28 and 30; and & GDR3 selectzd from the greup consisting
of SEQ (D MDs: 31, 32, 33, 34, 35 and 36.

In & further aspect, the inventien concems a murine anfitrkl: antibady heavy chain somprising the tailawing
ChR's:

la} a BOR1 of the furmula XasWXaaKaxWVK ISED 10 KO: 37), wherein Xaz at position 1 is Far V;
Xaa atposition 3 is | or M; and Xaa at pesition 4 is Eor K;

[B} a TDRZ of the fomula ElXzaPXaaXaaXaaXzaTNYNEKFK Xas 18EQ ID NO: 38), wharsin Xaa at
pasition 3is & or ¥; Xaa at position 5 is G or S; Xaa at position 6 is S or N; Xaa at pasition 7 is D or G; Xaa ai position
8 s NorRand Xaa at pusition 1655 G ar 8; and

] a BORZ of the formulz KHRNYYENYYY {SED 1D KO: 12} or KYYYENSYRSWYFDY (GED D ND:13L

In o still further aspsct, tha invention refafes fo a human antikC antibudy heavy chain comprising the
fallowing CDR's:

[3) a COR1 of the formula XaaKaaXaaYYiWXaa (SEQ 1D NO: 39), wherein Xaa at posiifon 1 is Sor |,

¥an & positicn 2 is G ot S; Xoa at position 31s 6, T or ¥, and Xaa at positien 7 s Sar i;

V] a CDR? of the fapmula XaalKaaXaaSG5XaaTXaaNPSLKS (SEQ 1D NO: 40), wherein Xza at position

1is ¥ or R; Xea at position 3i8 Y or F: Xae et gosition 4 is ¥ or 7: Xaa at pesition 8 i5 S or A; and Xaa az positin 10

is MaorY; and
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{cl a EDR3 of the formula salected fram the group consisting of DROYDSTGDYYSYYGMDY {SEQ 1D
NC: 14); DEGYSNPFD {SEQ 10 NE: 15]; FRIAAABX=aDYY YNGLXaxY (SEQ ID NO: 41), wherein Xaa a1 posktion & is &
or Tand Xaa at position 16is D or A.

In snpther aspect, the invention concerns an anti-trkC aponist monaclanal
antibody comprising & heavy chain compiising the COR's of the wuring anti-trkC antihody heavy chain of claim 14
associsted with a light chain. The antibady preferably is human or comprises human framework residues, and
prefarably shaws na significant cross-reactivity with tekA or kB, Throughout the application, antibadies are defined
in the broadest sense, and specifically include antibody fragment, auch as an Fe fragment, Fab fragment, Fab’ or Flah'},
fragment. Antibodies of all classes and isatypes are inclutled, but IgG, in partieutar 16-2 and 195-4 are praferred.

{n yet another aspect, the invention concerns isolated nucleic acit encading a murine or fuman anti-tkC
agorist antibudy heauy or fight chain, or a fragment thereof. In a specific embodiment, the nuctsic acid is a nudeic
atid moleculz deposited with ATCC on Juns 27, 2000 under an aceession number selacted fram the greup eansisting
of PTA-2133, PTA-2134, PTA-213%, PTA-2136, PTA-2137, PTA-2138, PTA-2138, PTA-2140, PTA-2T41, PTA-2142
and PTA-2143.

In a further aspect, the inventian concerns a vestor comprising a nucleie acid moleculs erceding an antibody
heawy andlar light chain as hereinghove defined. The invention also cancerns calls transformed with such nueleic acid.
The invention further concems Tybridoma celf fines transformed with such nueiste acid and antibodies produced by
such hybyidoma cells.

In 2 still further aspect, ths invention concerns a phamaceutical compasition comprising an eftective amount
of an agonist antitrkl monoclonal antibedy as hereinabove definet in admixture with & phamaceutically accaptable
carrier.

In another aspect, the invention eancems a mathod for treating a disease or condition invelving cell
degenecation, comprising administering to 2 mammal an effective amount of an agonist antitrkC antody distlosed
herein.

In yet another aspect, the invention concems 2 method for ireating a newrapathy or pecrodegenerative
diseass, or vepairing a damagad naerve cell comprising administering ta a mammal an effective amount of an agenist

antitrkC antibody disclused herein. The neuropathy may, for evarnple, ba a paripheral neuropathy. including, withaut

lies. The neurod disease may, tor axampla,

limitation, diabetic neuropathy and lerge fier sensory
bie amyotrophic fateral sclerosis [ALS), Alzheimer’s disesze, Parkinsan's dissase, Huntinpton's disease. The damaped
neurons may ba peripheral, such as senswry, s.0. dorsal raot ganglia neurons, moter neurons, e-.g. neurons from the
spingl cord, or central neurons, and the injury may be due to 2 varety of external and intemnal factors, including
trauma, erposure To neurotoxins, matahuolic disezses, infestious agents, etc.

In a further aspect, the invention concems a masthad for promefing the development, proliferation,
muintenance or regenetation af geripharal neurons, compTsing comacting sueh neurans with an eifective amount af an

antinady of the present invention.

_6-
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I a still furiber aspeet, tha invention concerns & methed for the treztment [including prevention) of a disease
or condition involving eell degenaration in 4 mammalian subject by introducing nucleic acid enceding an antitrdC
antibedy herein into & cell of such subject. The method Igene therspyt prefersbly concerns the trestment of a
naorapathy ar newrndegenerative dissase, or reparation of a damaged nerve cell. Accardingly. the recipient cells
mreferatly ate nerve cefls.

In yet another aspect, ihe invention concems dalivery vehicles eentaining genetic material (nucleic ackd)
enending an anti-trkC antibody suitable fer gene therapy use.

In a0 additional aspect, the invention concems a methad of inducing angiogenesis by delivering an anti-trkC
antibody of the present invention in an amount effective 10 induca angingenesis. Tha deiivery spacifically includes the
administration of tha antibodies and the delivery af nucleic acid encoding the anfibudies {2.9. in pene tharapy).

In yet anether aspect, the invention concerns an isolated nuclei acid malecule encoding a murine or human
anti-trkC: agonist antibody heavy er light chain selected from the group consisting of SED 1D RO: 68, SEQ 1D NO: 59,
SEQLID NO: G0, SEQ 10 NO: 67, SEQ 1D W0: 62, SEQ 1D O: 63, 8E0 1D MO: &4, SEQ ID NO: 85; SEQ 10 NO: 66; SEQ
1D ND: 67, SEQ (D MO: 68, SED ID ND: 89, SEQ ID NO: 70 and SEQ D KD; 71. The present invention alsa cancerns a
poiypeptide encoded by ane or mare of the isolated nucleic 26 molzcules.

In another aspect, tiwe invention concerns a whale cell transfarmed with nwcleic acid encoding murine of

human anti-trkG agonist antibody heavy ehain, fight chain or Beth heavy and light chain.

Brigf Description of the Drawings
Figures 1A-0 show agonést activity of varicus human (& and C) arel raurine (B and ) monoclonal antibories

apainst Tkl sacepior demonstrates using KIRA {A and &) andd PC12 neurite outgrowth assay (€ and D). Protein A
purified mancclonal antibodias were diluted to 27 poiml in KIRA stimulation buffer {F12/DMEM 50:50 contzining 2%
bavine sesum albumin [BSA, Intergan Go., Purchase, NY) and 25 mM Hepes, 0.7 pm fiitered). The manaclonal
antibadies were then diluted 1:3 {8 dilutions total; concentrations ranged from 0.01- 180 nbd Nab} in stimulation media.
BD-transfected CHO zalls {9 x 10* cellsiwali were then stimulated with either NT-3 or Mab (dilutions assayed in
duplicate) for & haurs and the assay was cdmplates as destribed in tie pxamples {Fig. 14, iman Mabs; Fig. 18,
morine Mabs). The purified Mabs wera assayed for apanist actisity in the PE12 neurite ovtgrmwth assay as descrired
in the examplas. Rat PC12 cells were transfecied with fulblength humen wkC and the cells plated at a density of
1080 ealsiwell. Theee days fallnwing transfection, the Mabs were added i triglicate [concentrations ranging from
G.0002 to 2.7 ab) to tho wells cantaining the trkE transfectants and incubated for an additional 3 days at 37 °C.
The celis were then analyzed by phase contrast micrascapy and calls with neurites exceading two-times the diamater
af tha coll wers caunted.

Figure 2 shows thot agonist anti-tkC menoclanal antibodizs bind specifically to trkC using 8.1.2 anilhody as

arapresentative example,

-
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Figure 3 demonstrates that apomist anti-trk manaclenal antibodies recogniza humen trkC mora sfficiently
than rat trkC.  The ability of the monoclenal antibadias ta bind rat trkC was determined using an immungadhesin
construct of the receptor. TrkC (fruman tekC-gD or rat 1kC-196) was immabilized on microtiter plates [100 plof a1
Jgim] sakution diluted in 50 mif carbonate kuffer, pH 9.5) everaight. The plates wers washed and blocked. The Mabs
were then diluted to 1 pgimd in PBS sonteining 0.5% BSA and 0.05% Tween 20, added to the apprapriate wells {100
1w, end incobated far ona hour at room temperature. The plates were washed and the approprtate HRP conjugats
was added [Auman Piabs: goat anti-humen x-HKP, 1:5K; morine Mabs: goat aatimolgB {Fe)HRP, 1:5 Kb and
incubated fur ona hour at room temperature. The plates wera then washed, developed and read.

Figung 4 shaws & representative example of epitope mapping using competition ELISA. A bigtinviated human
anti-trkC 6.1.2 monoclonal antibndy way incubated with immohilized trkC in the absence or prasence of excess of
various unlabeled anti-trkC monoclonal entibodies.

Figue § summiarizes the results of epitope mapping using competition ELISA,

Fifuras BA-T show a schematic dfagram of varicus trcC chimera {4} and their use in mapping of epitapes on
trkC recognized by various agenist human (B) and nauring (G} anti-rkC menaclonal antitadies.

Figre 7 shows amino actd sagquence of human trC dommain 4 and 5 showing residues that were targated for
mutagenesis to decipher their soles in recagnition by agonist anti-irkC monoclonal antihodies.

Figure 3 shows 3-dimensianal rithon diagram of trkG in complex with enti-tekC monoclonal antibodies.
Specifically shawn are the aming acid residues of trkG that are likely to play an mporfant rele i vecognitien by CORs
of anti-trkC antiedies.

Figura 9 showe the amino acid sequenca of the heavy chain variable (¥, region from rurine and kuman anti-
1k agonist meneelanal antibodiss. In addition, the three COR regiens (CORT, CORZ2 aad COR3] are highlightad in
bold.  The amino acid sequence of GORT of the 2258 end 2253 beavy chaln is SEQ D NO: 1. The amino acid
sequence of COR1 of the 2266 heavy chain is SEG D N0 2. The aming acid sequence of CORT of the 6.1.7 and 2345
heavy chain is SEQ 1D MD: 3. The amina acig sequence af CORT of the 6.4.1 heavy chain ts SEQ ID N(): 4, The amin
seid sequence af COR1 of the 2348 heavy chain fs SEU ID NG: 5. The amino acid sequance of CDRZ of the 2250 and
22563 haavy chainis SEQ /D NO: 8. Tha amiro acit sequence af CDR2 of the 2256 heavy chein is SEQ 1D MO: 7. The
aming arid saquance of CDR2 of the 6.1.2 heawy chsin is SFG 1D NOD: 8. The amino zcid sequenca of COR? of the
6.4.1 heavy chain is SEQ 1D NO: 8. The amino acid sequance of GOR2 of the 2345 heavy chainis SEQ 10 NO: 10. The
aming acid sequenca of COR2 of the 2348 heavy chain is SEQ I NG: 11. The amino scid senuance of COR3 of the
2250 and 2253 heavy chain is SEQ (D NQ: 12, The amina acid sequenca af CDR3 of the 2256 heavy chain is SEQ 10
N0: 13 The aming acid sequence of COR3 of the 6.1.2 heavy chain is 5EQ 1D NO: 14. The amino acid sequence of
COR3 of the 6.4.1 heavy chain is SEQ I ND: 5. The aming acid saquenca of GOR3 of the 2345 heavy chain is SEQL
10 W0: 16. The amina acid sequence of COR3 of the 2349 keavy chain is SEQ IR NO: 17.

8-
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Flgure 10 shows the amina acid sequence of the light chain varizhle 1Y} regfon from muring and fuman anti-
4rkC agonist monoclona] andbadies. 1o sddition, the three CDR repians {CBR1, COR2 and COR3} are highlighted in
bald. The amine acid sequence of COR1 of the 2250 light chein is SEQ ID KD: 18. The amtino aeid sequance pf COR1
of the 2233 fight chain is SEQ (D NO: 13. The amine acid sequence of EOR Y of the 2258 lipht chain is SEQ 1D ND: 20.
The amine acid sepuence éf COR1 of the 6.1.2 Hight chain iz SEA 1D NG: 21. The amino acid sequance of COR1 of the
6.4.1 light chain is SEQ D NO: 22, The amina ecid sequence of COR1 of the 2345 light chain i SEC 1D NO: 23. The
amino ecid sequence of COR1 of the 2348 light chain s SEQ ID NO: 24. The amine acid sequence of CORZ of the
2260 |ight chain is SEQ 1D N0: 25, The amino acid sequanca of GORZ ot tha 2253 fight chain is SED D NO; 26, The
amino acid sequenca of CORZ of the 2268 light chain is SEQ ID NO: 27. The amite acid ssquence of GDRZ of the
6.1.2 light ehain is SEL I NQ: 28. The aming acid sequence of COR2 of the 8.4.1 light chain is SEQ ID NO: 28. The
aming acid sequence of COR? of the 2345 and 2349 light chain is SEQ ID NO: 30, The amino acid sequence of CORS
of the 2250 light chain is SED ID 1§0): 31, The amino acid saquence of GDRJ of the 2253 light chain is SEQ 10 NO: 32
The amin acid sequence of CDRJ of the 2256 light chiain is BEQ 1D NO: 33. The aming acid sequence of GDRZ of the
§.1.2 light chain is SEQ 1D NO; 34. The amino acid seyuence of COR3 of the 6.4.T Night citain is SEQ 1D MDB: 35. The
grnirta acid gequence of COR3 of the 2340 and 2348 light chain is SEQ 1D NO: 36.

Figure 11 shows amine acid sequencs of CORs of beavy and Hight variable chains of murine and kuman anti
trkC agonist monaclanal antibadies. Alsa shown ara the families to which these sequences belung hased an homology
with COR sequences availahlg in databasas.

Figurs 12 shaws that anti-ukC agonist inoneclonal antihadies have impraved half-ife and bioaseilsbifity 4

virg.

Figure 13 shews effect of anti-urkC agorist | antibodies on cisplatin-induced neuropathy.

Figura 14 shows decraasa in matker exprassion caused by pyridoxing neuropathy.

Figure 15 shows amsfioration of the effects of low doses of pyridaxine by aganist antitrkC moncclanal
antibodies.

Figure 16 shews amelioration of the effects of high doses of pyridaxine by agonist anti-tkC mopaclonal
antihadies.

Figura 17 shows emelioratian of pyridoxi hy by an anti-trkC agenist mancelonal antibody.

Figure 18 shows attenvation of pyridoxive-nduced deficit of latder by agomst entitrk monacional
antibudigs.

Figuve 19 shows that NT3. but not antitrkC sponist monoclenal antihodies, causes hypersigesi at
therapeutic doses. B

Figure 20 shows the amine asid saquence of human tAkC receptor (SEQ 1IN ND: 58] where the boundaries of
damains 4 and 5 are indicated.

Figure 27 (in 2 pages) shows the nuclsotide saquence of huraan triG reqeptor (SEQ 1D NO: 571,

-
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Figure 22 shows the nusleotida sequence of the heavy chain (A; SED ID iNa: 58) and light chain {B; SEQ 1D
ND: 59) of the 2nti-trkE aganist moneclonal antbody 2250,

Figare 23 shaws the nucleatide seguence of the heavy chain [A; SEQ ID NG: 60 and light chain {B; SEQ ID
N0: 61) of the antt-trkC sganist monaclonal antibody 7253,

Figure 24 shows the nucleotide sequence of the heavy chain [A; SEQ ID NO: 62] end light chein (B; SEQ 1D
NO: B3) of the anti-rkC agarist monaclanal antibody 2266,

Figure 25 shaws $he mucleotide sequence of the hizavy chain [A; SED 1D KO: 64] and light chain (B; SEQ 10
N{: 85) of the anti-trk aganist monoclonel antibady 2345,

Figure 26 shows 1he nucleotide sequence of the heavy chain [4; SEQ 1D §D: 66) and light chain (B; SEQ ID
N: 671 af the anti-wikG aganict mongeional antiGady 2349,

Figure 27 shows the nucleatids sequence of the heavy chain [4; SEQ 1D NO: 63) and light chein (B; SEQ 10
NO: 69] af the anti-trkC aganist monaclonal antbady 6.1.2.

Figure 28 shows the pucleotids sequence of ihe heavy chain [A; SED 1D NO: 70) and light chain (B; SEQ ID
HQ: 71) of the anti-trkC agonist manaclonal entibody 6.4.1.

-10-
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Detailed Dascriation of tha Prefarrgd Embadiment
A

nitions,
The term “naurstrophin” and its grammatical veriznts are used interchangeably, and refer 1o a family of
polypantides comprising neree grawth factor INGF) and sequentially related homologs. NGF, brain-derived growth
factor {BONF, ak.a. NT-Z), 1 phin-3 {NT-3), phins-4 and -5 (NT-4J5], neurotrophin-B (NT-6), and

newratrophin-7 (N7-7) have so far been Wentifiad as members of this family,

The term "reurotrophin” includes native nevreirophing af any {human or non-human) animal species, and their
{unctional derivatives, whether purified from a native saurce, prepared by methods of recombinant INA technalogy, or
chemical synthasis, or any combination of these or gther methods, "Native" o¢ “native saquente” reurofrophing have
the amina acid saquenca of a neuratraphin occurming in nature (n any hwman o nomfiunan animal speciee, inchiding
naturaliy-occurring tuneated snd veriant forms, and naturally-oecorrng allelic variants.

The terms "trk", "trk pelypeptide”, "tk raceptor” and their grammatical vaiants are used interchanpeatly
and refer to polypentides of the racaptar tyrosing linase suparfamily, which are capabla of binding af least one native
seuratrophin. Cerrendly identified members of this family are trkA [p140°%, kB, and trcC.

The expressian "extracelfukar demain” or "ECD" when vsed herein refers to any polypeptide saquence that
shares a ligand binding Sunction of the extraceltar damain of a raturally aceurring receptor. Ligand binding function of
the extraceflular domain raters to the abifity of the polypeptide to kind te a ligend. Accardingly. it Is not necessary 1

fnelude the entire extraceliular domain since smaller segmants have heen fnund to be adeguate for ligand binding. The

truncated extrecallular domain s ganerally soluble. The verm EGD pelypepti in which the

hwdrophabic transmambrane sequence (and, optionally, 1-20 amino acids C-terminal andfar N-terminal ta the

transmemkirane domain] of the marure racentor 1as heen delared.

The term "agonist anti-irsC sntibody” rafers to an antibedy, which is sbie ta bind ro aod aerivate a native
sequencs 1L receptar andior dowastream pathways mediated by the trkC signaling furction thersby mimicking a
biglogical activity of a native ligand af tha receptar, in particular NT-3. Far sxemple, the agonist antiaary may bind to
the ECO domain of a UrkC receptor and thereby cause dimerization of ihe receptor, resulting in activation of the
intracellutar catalytic kinass domain. Consequently, this may result in stimulation of growth andlar ¢iffarantial[nn ot
cells exprassing the receptor it witre andlor jr wive, The agonist antihodies of the present invention preferably
reconrnize an epitape that includes &t [east part of domain b (amine acig postiions fram abaut 265 to about 381) andlor
darnatn 4 {aminn acid position from about 178 te about 265) of the human trkC receptor or 2 comesponding epitapa an
@ non-human, e.g7. muring (kG recaptar,

“Biolagical activity”, whan uzed in canjunction with the agonist anti-rkC zntibodies of the presart inventian,
generally refers to having an effector function in cormmon with NT-3, the nativa ligand of trkC. The effecter funetion
qraferably is the shility 1 hind and activate the wkC receptor tyroszing kinase andjor dewnstream pathways mediated
by the trkC signafing function. Without fimitation, referred hinlogica! activiies include the zhility to promore the

develaptaent, profiferation, maintenance andjor regeneration of damaged rells, in particular neurans fr wire or ir vivo,
11-
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including peripharal {sympathatic, parasympathatic, sensory, ané entsric) neurans, meterneurans, and central {brain
and spinal cordy nevrons, and non-neuronel cells, =.4. peripharat binod levkoeytes. A particularly preferred bialogical

activity is the ahility ta treat {including prevention} 3 neurgpathy, e.p. perigheral pathy ar other taurod ative

disgase, or repair a_damagd nerve cell. The damaged neurons may be sensary, sympathetic, parasympathetic, or
enteric, 8.9. dorsal root ganglia neurens, motaineurons, and central neurons, &.g. nerons fram the spinal card, and the
tdamage may be of any cause. including trauma, toxic agents, surgery, stroks, ischamia, infection. mataholic disease,
nutritional deficiency, and various malignancies.  Aopther specific biolagical activity is the ability ta induce
anglogenesls.

Rs used herein, “treatiment” i an appreach for slntaining heneficial or desired ciiieal rasults. For purposes af
this invention, benadicizl or desired clinical results incfude, but are not limited to, alleviation of symptoms, dimiishmsnt
of extent of dicesse, stabilized (i, not worsening) state of disease, delay or slowing of disease progression,
ameliaration ar palliation of the disease state, and remission (whether partisl or totall, whether detectabls or
undetectable. "Treatmant” can also mean prolnging survival 3s compared to exgected survival if not raceiving
treatment. “Tregtment” is an intervention perfarrmed with the intention of preventing the develapment or altering the
pathology of a disorder.  Accordingly, "treatment” refers te hoth therapentic trestment and prophylactic or
preventative measures. Thase in nead af trearment include those already with tha disorder as well as these in which
the disorder ¢ to be prevented. Specifically, the traatment may directly prevent. slow down of stherwise decraase tha
gathology of cellular degeneration of damage, such as the pathofogy of nerve cells, ar may render the ceils, s..
neurons mace susceptible to treatment by oiher therapeutic agents. In o preferrad embediment, the treatiment reduces
or slows down the decfine andfor stimulates the restoration of the function of target reurons.

The “pathalogy” of @ (Ghronig) neurpdegenerstive disease or acute nervous system injury includes all
phenomang that affect the wall being of the patient including, Without Imitation, euronal disfunction, degeneration,
injury andfor death.

Tha terms “necradegenerative disease” and “neuradagenarative disnwder” ars used in the broadest sense to
inciude 8l disorders the pathalegy of which invalvez neuronal degensration endfor disfunction, including, without

fimitation, peripheral fes; [ disarders, such as amylotrophic lateral schlerasis (ALS, Lou Gebrig's

diseass), Bell's palsy, and varists conditions imvolving spinal muscular atrophy or parelysts; end other humen
neuradegererative diseases, such as Alzheimers disesse, Parkingen's diseese, epilepsy, multiple schierasis,
Huntington's charea, Dawn's Syndrome, nerve deafness, and Maniere's diseass.

“Periphgral neuropathy” is a neurodegenerative disorder that aftects the peripheral nerves, most aften
manifested as one or & combination of metor, sensory, senserimelor, or autenamic dysfurction.  Parfpharal
neurapathies may, for examgle, be genetically scquired, can result from a systemic diseass, or can be induced by a
toxic agent, such as a neurctosic drug, 2.9. antineanlastic agent, or industrial or snvironmental pollusant. “Peripheral
sensory neurapathy” is characterized by the degeneration of paripharal sensory neurans, whith may be idiopashie, may

occur, for example, 25 a cansequence of dishetes idiabetic neurapathy), cytestatic dmg therapy in caneer [s.g.
13-
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traatment with chemotherapeutic ageats gvch as vincristine, cisplatin, methotrexate, 3'-ezide-3'-deonythymiding, or
faxanes, g, paclitixel [TAXOL, Bristol-Myers Squibh Oncology, Princeton, NJ| and dosetasel {TAXOTERE®, Rhing-
Poulenc Rorer, Anfony, France)), alcohnbsm, acquired immunodediciency syndram (AIDS), or genetic predisposition.
Ganetically asnuired perigheral neuropatlies inclede, for example, Refsum's disease, Krebbe's disease. Metactromatic
leukadystrophy, Fabey's disease, Dejerine-Soutas syndrime, Abetafipoprateinemia, and Charcot-Marie-Taath {CMT]
Niseasa lAlzo known g5 Proneal Muscutar Atraghy er Hasditary Motor Sensory Weutopatfvy (HRSM). Most types of
neripheral neutopathy develap slowly, over the course of several manths or yaars. I clinical practice such
neurapathies are called chronie. Sometimes a peripheral nenropathy Sevelops rapidly, over the enwsse of a tew days,
and is referred to ag acute. Poriphersl neuropathy usually affects sensory and matar nerves togather so as 1o cause a
mixed sensory and mofor neuropathy, buf pure sensary and pure maiar navropatiy are also knorm.

The term “foxic agent”, as used in the context of the present invention, is meant ta refer fo a substance that,
through its chamical action, injurss, impairs, or inhibits the aetivity of a eeinponant of the nervous system. The long
list of toxic agents {also referred to as “nevrotoxic agents™) ineludes, without limitation, chernetherapeutic agents,
such &s those listed above, alcohol, metals, industrial toxing, Gontaminants of foad and msdicines, ete.

"Mammal” for purpose of treatment refers to any anmal clessifisd a8 8 memmal, including humans, domestic
andf Farm animals, and zoa, spart or pet animals, such as dogs, harses, sheep, cais, cows, etc. Preferably, the mammal
is hursan.

The term "trkC immunoadhesin® s used intereh bly with the ion “tricC-i lebulin chimers"

and vefers 10 a ehimaric malecuts that combines a partion af trkC {generally the extracellular demain thereaf] with an

fabuli The imr laburlive secuence praterably, but oot iy, 18 an imr ranstant

domzin, Chimeras constructed fram a receptor sequence linked fo an approprizie immuneglobulin constant domain
saquencs limmumoadhasivg] are known in the art. Immunoadhesing reported in the literature include fusions of the T
cell recaptor® (Gascoigne of af, Pros. Nail Acad, Sci YSA, 84 2936-2940 [1887]); CD3™ (Lapun of &t Neture 33T:
620.531 [1939); Traunacker et 2/, Nators, 333: 68-70 [1989); Zettmgiss! ot al, DVA Lalf Biel 9: 747-353 [1880)
Byrn &t !, Nature, 344; 667-670 (199011 L-selectin Thoming receptor} Watsan gf af, o Celf, Bfal, 110:2221.2228
[1900]; Watsen of of, Nstors, 349: 164-167 [1981]; CO44* (Aruto ef &1, Cof, 61: 13031313 119907 CD23* and
B7* [Linsley ef 27, . Exa. Med, 173 721.730 (1991]]; CTLA4" Lisley ef &f, J Exp. Aed 174: 561.563 [1991];
£022% (Stamenkovic of 5f, Lef, 66:1133-11144 (19511): TNF receptor {Asfikenazi ef of, Froc. Matl. Acad. Sei USA,
88: 10535-10539 [1991]; Lesslaver er &/, Far. [ Jmmonof, 27-2883-2688 (1991): Peppel of of, /. fxp. Med.,
174:1483-1489 [1991]; NP receptors (Bennatt o2 o, £ Bfol. Shem. 266:23060-23087 [1991]); and IgE receptor o*
(Ridgway e af, /. Cefl. Siok, 115:abstr. 1448 [1981]), whese the asterisk (*} indicates that the receptor iz member of
the immonaglabulin superfamity.

“isalated” nueleic acid or polypeptide in the tontext of the prasent invention i3 a nurleic acid ot palypeptide

that is identitied and separated from contaminant mucleic acids or polypeptides present in the animal or human source

13-

JP 2004-500873 A 2004.1.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

25

=
h

(80)

WO 0148361 PUTIUSOL20053

of the nucleic: acid or polypeptide. The nucleic ackd or polypeptide may ke labeted for diapnostic or proba purposes,
using a lahe! as descrilted and defingd ferther below in discrssion of diagnastic assays.

In general, the term "amina acid sequence variant” refers ta mobsciles with soma differences in their amine
acid sequences as compased 1o a reference fe.g. native sequence} polypepiide. The eming acid alferations may be
substitutions, insertians, deletions or any dastred canthinations 6f such thanges in a native amiro acid sequanca.

The terms "DNA sequence encading”, “DNA encodiry” and "nuclaic. svid encoding” refar to the arder or
sequence of deoxyrihonnclentides along a airand of deoxyriborucleic acid. The erder of these deoxyribonucieotides
determines the order of amino acids along the polypeptide chain. The DNA ssquance thes cedes far the aming achd
sequence.

The terms “replicable expressian vectar” and "exprossion vectar” refer fo a piece of DA, vsually double-
stranded, which may have ingarted into it a pisea of fareign ONA. Fareign DNA is dofined as beterolagaus DNA, which
is DNA not naturally found in the host cell. The vector is used to tianspost the foreign or beteraloguus DNA inte &
suitable hoat cell. Onee in the host cell, the vecior can replicats indspendently of the host chromesomal OMA, ard
several copies of the vector and its inserted (foreign) DMA may be generated. In addition, the vector rontains the
tesessary elements that pentit translating the forsion DNA into a nolypeptide. Many malecules of the polypeptide
excoded by the foreign ONA can thus be rapidly synthesized.

The term “contral sequences” refers ta VA sequencas necessaty tor the sxprassion of an aparably fiaked
coding sequente in a particelar host organism. The cantrol sequences that are suitable for prokaryates, for example,
includs a promater, aptionally an operator spyuencs, a ribosame binding site. and possibly, other as yei poorly
understond sequences. Eukaryotic cefls ava known to utilize promoters, pafyadenylation signals, and ehancer.

Mucleic acid is "operably linked" when it is placed into a funetional relatianship with another nuclein aeid
senuence. For example, DNA far a presenuence ar 2 secretory leader is operably linked ta DNA for & polypeptide if iris
expressed a5 & prepratein that participates in the secretion af the palyseptids; a promatar ar anhancer iz eperahly
linked to a coding sequance if it atfacts the transcription of the sequence; or @ ritesome binding site is operakly linked
10 a cading sequence if it is positioned so &s fo Facilitate wanslation. Ganerally, "operably linked” maans that tha DNA
sequances being linked are contiguaus and, in the case of a secretary [eader., contiguous and in readiop phase,
However, enbencers 4o not have ta be contiguous. Linking is accomplished by lipation at convenient restristien sites.
IF such sites do not exfst, then synthetic oligonuclentide adaptors or linkers are used in accord with conventivgal
practice,

In the cantext of cha presant invention the exprassions “cell”, “call line”, and "cell culture™ are used
Interehangeablly, and all such destgnations incluce progeny. Thus, the wurds "transtormants™ and "transtormed [hast)
cells" include the primary subject cell and cultures derived therefram without ragard far the mumber of transfers. 17ie
glsh understood that afl prageny may not be precisely identical in DMA content, dve to deliberate or inadvertent
mutations. Mutani prageny that have the same funetien ar bislogical activfiy as screened for in the originally

transformed cell are included. YWhere distinct dasignations are intended, it will be elear front the condext.
-14-
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An "exogencus” gloment s dafined herein to mean nucleic acid sequence that iz foreign fo the cell, ar
hamalogaus £6 the cell but in & pesifion within the hast cell nucteic acld in which the element iz ardinarily aot found.

“Antihodies™ (Ghs) and “imrunoylobulins” ligs) are glyceprateings having 1he same struetural characreristics.
While antibodies exhibit binding speciicity 1o & specific anfigen, i lobulins inefude buth sniibodies and other

antibody-like molegules that lack antigen spacificity. Polypeptides of the latter kind aro, for example, produced at low
levels by tha lymph system ané at increased lavels by myelomas.

“Hative amtipdies” gad "naiiva immunoglobulins” are usually heteretetrameric ghycoprateins of ahour
150,000 daltons, composed of fwo identieal light (L] chains and two wentical haawy {H) chains. Each lipht chain is
livked to a heayy chain by one covalent disulfide hood, whis 1he number of disulfide linkages varies among the besvy
chalng of different innunopiobulin Tsotypes. Each heavy and light chain also bas reguiarly spaced intrachain disulfida
Lridges. Each heayy chain has at ane end g varizbls domain ¥y followed by a number of eonstamt domains. Each light
chatn has a variable domain at one end (¥} and & constant domain at its other end; the constant domain of the light
chain is aligned with the first constant damain of the heavy chain, and the light- chain vatighla domain is aligred witk
tha variable domain of the heavy chain, Particular amino acid residues are believed ta fomm an interface hetween the
light- and heavy-chain varfatle domains,

The term “variabla® refers 1o the fact that certain portions of the vartable domains ditfer extensively in
seguence ameng antibodizs and are used in the binding and specificity of each particular antthody for its patricular
antigen. Mowaver, the variability is nat evenly diséributed throughous the verizble domains of antibodies. It is
congantratad 1n thee saymams called hypervariable regions bath in the fight chain and the heavy chain verisble
domains. The more highly consarver portions of variatle domains are called the framewaork region {FRI. The variahle
domains of native heavy and lighi chains each comprise faor FRs (FRT, FRZ, FR3 and FRA, respectively), targely
adepting a -shast configuration, connectad by three hypervariahle regions, which form loaps connecting, and in same
cases forming part af, the -sheet structure, The hypervaratle regicns i each chain are held tagether in closa
proximity by the FAs and, with the hypervariabla raglons fratn the other chain, contribute 10 the formatin of the
antigen-bmding site of antibodies (see Kabat of af, S of Proteirs of i foical faterast, Dth Ed. Public

Healih Service, Matfonal Institutes of Health, Bethesda, MD. (1991), pages B47-6691, The capstant dumains are not
imvolegd directly in binding an antibody to an antigen, bui exhibit various effactor functions, sush &s participation of
the antihody in antibody-dependent celiular toxicity.

The torm “hy pervarizble region” whan used herefn refers to the amine acid residues of an antibody which are
respansible for antigen-binding. The fypervariable ragion camprigas aminn acid rgsitues from a “compiamentarity
determining region” or “COR” {e. residues 24-34 (L1}, 50-56 {L2) and 83.97 (L3} in the light ehain variable domain and
3135 (H1}, 60-65 (H2) and 85-702 {H3) in the heavy shain variable domain; Kabat &7 &l Segusices of Provelns af
immunoiagice! fntersst, Gth Ed. Public Health Sarvice, Nationat Instifvtes of Health, Bethasda, MD. {1921) andfor
thase residies from a “hypervariable loon™ (fe. residues 26-32 iL1), 50-62 {L2) and 21-86 {L3) in the light chain

vaneble domain and 26-32 (H1], 53-55 (H2) and 96-101 [H3 in the heavy chain variable domain; Chothia and Lesk /.
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Mol Bigt 196:501-917 (1987). "Framework™ or "FR" residuas are those variabla damais residues ather than the
bwpervarizhle region residues as herein defined.

Papain digestion of antibadies areduces twe identical antigen-binding fragments. valled "Fab™ fragments,
#ach with # single antigenbinding site, and a residusl "Fc” fragment, whose name reflects its ability to crystallize
readily. Pepsin treatment yields an Flab'), fragment that has twa antigen-combining sites and is still capable of ciess-
linking antigen.

"Fu" is the minimum aniibady fragment which contains 8 complete antigen-recopnitien and -binding site. This
Teqion cansists of a dimer af ore heawy chain and ane light chain varizble domain m tight, non-covalent association. It
is in this configuration that the three hypervariable regions of each varishte daraain interact to define an amigan-
binding site on the surfaca of the ViV, dimer. Callactively, the six fiypervariable regions confer antigen-binding
specliicity to the entibedy, However, even a single varisble domzin lor half of en Fv campsising enly three
bypervariable regions spacific for an antigen) has the ability to recognize and hind antigen, sithough 2t a lawer affinity
than the entive binding site.

The Fab fragment also comtains the eonstant domais of the light chain and the First constant demain (CH1)
of the heavy chain. Fab’ fragmems differ from Fab fragments by the addition ef a faw residues at the carboxyl
tanminus of the heavy ehain BHT damaln including ong or mare cysteineis) fram tha antibody hinge region. Fab'-SHis
1he designatian herein far Fab' in wahich the eysteine residuefs) of the canstant domainz bear a fres thiol group. Fiab);
antibody fragments originally were praduced as pairs of Fab' fragments which have hinge cystaines between them.
Other chemics! couplings of antibody fragents ate also knawn

The "light chains™ of antibodies limmuncglobuling] from any vertebrate secies can ba assigned to ane of two
elaarly distinct typas, callad kappa {) and lambda { ), based on the amina acid sequences of their constant domains.

Depanding on the aming acid sequence of the constant domain of theis heavy chains, immunnglobuling can ba
assignet ta different classes. Thers ar Five major clzsses of immunoglebuling: oA, S0, IGE, 196, and Ighd, and seveszl
of these may be furthar divided into suhciassss (isotypes), sg. IgB1, 102, 10G3, 1pG4, 1gA1, and IpAZ. The heavy-
chain constant domains that comespond to the different classes of immunnglobufins e called , , , , and
tespectively, The subunit strugtures and three-dimensional configurations of different classez of immunoglobuling are
well knawn.

The term "antibudy® herein is used in the broadest sense and specitically covers buman, no-hemen (s.0.
murine} and humanized moncclonal anglbodies lincluding full Tength moncelonat antibndias), palyclanal antibedies,
moltispeciiic antibadies te.g.. bisperific antibodies), and antibody iragments so long as they exhibit the desired
biclagical activity.

" Antibedy fragmants” comprise a pertion af a Fuil length antibody, gererally the antigen hinding or variable
domain theraaf. Exarples of antibedy fragments inciude Fab, Fab', Flab')y,, and Fy fragments: dishodies: linear

antihodies; single-chaln antihady malecutes; and muftispacific anfihadies formed Fram antibody frapmants.

_‘]_.5_

JP 2004-500873 A 2004.1.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

25

30

(83)

WO 0198361 PUTAISOL20153

The term "monoclonat antbndy” as vsed herein refers to en antibody obtained from & population of
subtantially homogeneous antibodies, /.e., the individual antibedies cormprising the pupulation are identical except for
possible naturally ccourring mutaiiens that may be present in minor amounts.  Monaelona! aniibodies are highty
specific, being directad against a single antigenic site. Furthermere, in contrast fo conventional {pelyelonall amibody
preparatians which iypically include different antibadies directed against ditferent determinants (spitopes), each
monacional antibady is directed against 3 single determinant on the antigen. The modiier "moroclonal” inticates tha
character of the antibady as being obtzined frem a substantially homogensaus peputziion of entibodies, and is act te
be conatrued as requiring praduction of the antibody by any particular methad. For example, the monoslanal antibodies
10 bo usad in accordance with the prasent invention may he rc;aﬂa by 1he fybridnma mathed first deseribed by Kohler a¢
af., Natare 286485 [1975)], or may be made by recombinant DNA mathods (see, #.4., U.5. Patant MNe. 4,816,567).
The "monoclonal antihodies™ may also be isokated frora phage antibody libraries using the techniques described in
Clackson ef &L, Merurz 352:624-625 {1997) and Marks 2¢ &, J. Mol Siof. 222:581-587 [1991], tor examyle.

The manactonal antibodies harein specifically mclude "chimerc™ antibodies immuneglobufinst in which &
pustion of 1iwe heavy andior light chain is identicai with or homolegous to carrespanding sequences in antibadies

derived fromt & particular species or belonging to 2 particular antibody ciass or subciags, while the ramainder of the

chain{z) is identical with or homal to o di in antibodies derived frem another species or

belongity 16 another entibody cfass or subelass, as well 35 fragments of such antibadiss, so long as they exhitit the
desired biologieal activity (U3, Patent No. 4,816,867; and Marrison ar of, Proc. el Acad. Sei (/54 81:6851-6855
1984}

"Humanized" farms of non-humen feg. murine] antibodies ara chimeric antibedies which contain minimal
sequence derivad from non-human immunoglobulin,  For the most part, humanized antibodics are human
immunoghibulins {recipient antibody) in which hypervariahle region residues of the recipfent are replaced by
hypervarizile regian residues from a nonhuman species {donor antibody) such as mouse, rat, rabbft or monhoman
primats having the desired spacificity, atfinity, and capacity. In scme instances, framework region (FR) residues of the
human fmmanoglebulin are replaced by comesponding non-hurman restdues.  Furthermore, hurnanized antibodies may
camprise residues which are not found i the rasipient antibody or in the doner antibody. These madifications are
ntade ta forther refine antibady performance. In genaral, the humanized zntibody will comprize substantially all of at
least one, aod typically twe, variable domalns, in which ail or substantially a1l of the hypervariable regians correspond
1o these ¢f A non-human immunoglobutin and all or substantially 21l of the FRs are those at a human (mmunaglabulin
sanquencs. The humanized antibody optionally also will comprise at least & pertion of an rumuncglobufin costant
region [Fc), typically that of @ haman mmunoglobulin:  Far further details, see Janes et of, Matore 371:622-526
11986); Reichmann ef af, Nofurs 332:323-328 [1988Y; and Prests, Leor, fg. Stroct. Bink 2:583.546 (1982).

“Single-chain Fv"" or "sFv" antibedy fragments comprise the Yy and ¥, damains of astibody, wherein these
domains are preseat in & single polypeptide chain. Bonerally, 1he Fv polypentide further comprises a poiypeptids linker

hetween the Vy, and V, demains which enablas the sFv ta form the desired struciure for antigen hinding. For a raview
17-
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of sFv zpe Pluckthun in 7he / v of Monael: ibodiag, val, 113, F and Moere eds. Springer-
Verlag, Newe York, pp. 2869-315 {1964).
The 1em "dlabodies” refers to smell antibody fragmerits with two antigervbinding sifes, which frapments

romprise a heavy chiain variable domain (V) connetted to a light chain variahle damain (¥} in the same polypeptide
ohain (¥, - ¥). By using a finker that is too shart to alinw pairing betwsen the twe damaing on ife same chain, the
domains ars forced to pair with the eomplementary domains of another chain and cieate two entiganbinding sites.
Diabedies are described mere fully in, for examgle, EP A04,097; W0 93/11167; and! Hollinger &1 &f, Proe. Vst Acad.
Sef. (/1SA 30:6444-6348 (T923).

The expression “Tnear antibodias™ when used thioughous this application refers ta the antibedies described in
Zapata ot af Protein Lng. B{10):1057-1062 [1985). Brisfly, thesa antibodies comprise @ pair of tandem Fd segments
¥,-C,1-Y,:Cy1) which form a pair of antigen binding regions. Linear antiiodies can be bispecitic or monospeckie.

The tarm “apitope” is used to refar to hinding sies for {monoelonal ar pelyclonal) antibodies an protein
antigans. )

Bntibadies which bind to domain 5 andlor 4 within the eminn acid sequance of native sequenca human tekG,
ar te an equivalent epitope in & native sequence narchuman tkC receptar, are identitied by “epitope mapping.” There
ate many metheds known in the art for mapaing and charactanizing the location of spitopas en prateins, ineluding
solving she erysial stiweture of an antibody-antigen complex, compatition assays, gene fragment expression assays,
and synihelic peptide-basad assays, &5 described, for example, in Chapter 11 of Harlow and Lang, Using Antibodies, 2
Lahoratory Manual, Colé Spring Harbar Laboratory Press, Cald Spring Barhor, New York, 1988, A competition ELISA
assay i specifically described in Example 1. Accerding ta tha gene fragment exprassion assays, the open reading
frame encading the protein is fragmented aither raaderly ar by specifie penetic constructions and the reactivity of the
expressed fragmenis of the pratefn with the antibody to be tested i3 determined. The gene f}agments may, far
example, be produced by PCR and then transcribed and trenslated inta protein i witra, in fhe prasence of radiosctive
amina acids. The binding of the antibody to the radioactively labeled protein fragments is then detesmined by
mmunoprecipitation and gel alectropharesis. Certain epitepes can alsg he identitied by using large Fhraries of random
peptide sequences displeyed on the surface of phege pastides |phage libredes), Altematively, a detined” library of
overlapping peptide fragments tan bo tested for binding 1o the test antibody in simple binding ascays. The latter
approach s suitable t define finear epitopes ef about & to 15 aming acids.

fin antibody binds “essentially the same epitope” as a reference antitody, when the two antihodies recagnize
identical or sterically overlapping epitopss. The mast widely used and rapid methods far detetmining whether two
epitapes bind to idemtical ar sterically gyerlapping epitapes are competitfon assays, which can s configurad in all
number af diffarent formats, usimg elther labaied antfgen or abeled antlhedy. Usually, the antigen is mmabilized an a
96-well plate, ani the abiiiiy of unlabeled antibodies to black the hinding of Jabeled ant}hudies is measured using

radipactive or gnzyme |abels. A comyetition ELISA assay is disclosed in Example 1.

-18-

JP 2004-500873 A 2004.1.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

20

23

30

(85)

WO 0148361 PUTIUSOL20053

The term aming acid ar amina acid residua, as ussd harain, refers to naturally sceurring L amino acids or to 0
aming acids ag desoribed further below with respect to variants. The commanly used one- and three-letter
abbreviations for amina scids are used herein (Bruce Albarts et al, Molecular Biotogy of the Cell, Garland Publishing,
Inc., New York (34 ed. 1984)).

Hybridization is preferably performed under "stringent conditions” which reans {{} employing low ionic
strength and high temperature for washing, for example, 0.079 sadium chlorida/8.0015 M sodiun citrats/0. 1% sodium
dodecy| sutfate at 50 C, er [2) employing during hybridization 2 denaturing agent. such as formamide, for example,
50% fvoljvol) farmamide with 0.1% bovine serum albumin@.1% Ficoili0.1% polyvinylpyrolidonedsC mb sodium
phosphiate bufler #t pH 6.5 with 750 mM sodium chluride, 75 mM sadium citrate at 42 C. Anather example is use of
5% fonmamide, § x 35C (6.75 M NaCl, 0.075 M sodium citrate), 50 mM swdium phosphate (pR 818), 0.1% sodiur
pyrophosphata, § x Denhardt's selution, sonicated satmon specm DKA (60 giml), 0.1% DS, and T0% dexiran suifate
at 42 G, with washas a1 42 Cin 0.2 x S5€ and 0.1% SDS.

B. Methads for carrying out the ipvention

The present invention concerns agonist human and nan-human {inciuding
Forms of the fatter), which mimick certain hiological proparties of NT-3, the mative ligand of the trkC raceptor. General
techniques for the production of muring and human ant-trkG antibodies are well known in the art and are dascribed
hersinhelow. Further details, including the selsction of aganier snilbadies, are provided in Example 1.

i Antibedy nreparation

i Fafpelonal soribodies

Mefhots of preparing palyclonal entibodies are known in the art. Polyelonal antibodiss can be rafsed in a
mammal, for example, by ang or mare infections of an immunizing agent and, ¥ desired, an adjuvant. Typically, the
immunizing agent andjar adjuvant will be injactad in the mammal by multiple subcutaneous or intraperitongal injecttons.
1t may be useful to conjugate the imunizing agent to & protein known to bs immunagenic in the mammal being
immwalzed, such 28 serum albumic, o soybean trypsin inhibitor. Examples of adjovants which may be employed
inelude Freund's complets adjuvart and MPL-TDM.

il Moneclanal satibediss

Waonoclona) antibedics may be made using the hybridama method first described by Kohler er af, Aarwe,
256:485 {1870}, or may be made by recombinant ONA methods (LS. Patent No. 4,516,587

In thie hybridoma imathed, & vcuse or ather appropriate host animal, such as a hamster or macaque monkey,
iis immunized as hereinahove desctibed to slict [ymphoeytes that produce or ate capabie of producing anfibodies that
will specifically bind to the protein used for immunizetion. Alternatively, lymphotytes may be immunized i vifra.
Lymphocytes then ara fussd with ryelama cells using a suitable fusing agent, sueh a8 palyethylene glyeal, to form a
hybridoma call (Goding, Msrocianal Antibodies: Principles and Practice, pp.58-103, [Academic Fress, 183611

Tha hybridoma cefls thus prapared are seeded and grawn in a suitable culture medium that preferahly

cantains one or more sabstarces that inhibit the grewth or suvival of the unfused, parental myeloma eells, For
-15-
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sxampls, if the pargntal myaloma cells kack the enzyme b ine guanine phuspt ¥ {HGPRT or

HPRT), the culture medium tor the kybridamas typically will include hypoxanthine, aminopterin, and thymidineg {HAT
mediumy, conditions under which the growth of HGPRT.deficient tells is prevented.

Prafarred myeloma cels ace those that fuse efficiently, support stable high-level preduction of antibody by
the selected anfibody-prodocing cells, and are sensitive to 4 medim such as HAT medium.  Among these, prefemed
myefoma cell lnes sie muring myelama lines, such 25 those derved from MOP-21 and MC-11 mouse fumars
available from the Salk institute Cell Distribution Center, San Diage, Californiz USA, and 8P-2 or K63-Apd-653 cslls
available from the American Type Culture Collection, Rockwille, Maryland USA. Human mysloma and mouse:human
feteromyeloma cell lines alsn have heen described for the praduction of human manocional antibadies (Kozbor, o
fmmunel, 133:3001 (1384); Brodeur ef 2/, M f Antipady Pradvction Techmigues amd Applicatiors, pp, 5163,
Marcel Dekkerl, Inc., New York, [1887]).

{uhture mediumy in which Tybridonma cells are growing is assayed for produetion of menoclonal entibodies

directad against tha antigen. Preferably, the binding pecificity of tenal antibedies produced by by cells

is determined by imewnoprecipitation or by an 4 vifra binding assay. suclt as radicimunoassay (RIA) ar enzyme-
linked immuneabsarbent assay (ELISA).

The hinding affinity af the mansclonal antibady can, for example, be defennined by the Scatchard analysis
of Munson et af, Ansl Biochem., 107:220 {19801,

After hybridoma cells are identified that produce antthadies of the desired specificity, sffinity, endinr
activity, the celis may be aubcloned by froting dilution proceduras and grown by standard methods iGoding,
Monoclonal Antibodies: Princiales snd Fractice, ap.59- 103 {Academic Press, 1886]). Suitatla culfure media far this
purposa inctude, For exarnple, DIMERT or APMI-1840 medium. In addition, the hybridoma eells may be grown # i as
asEltes umors in en animal.

The monoclonal antibagies sacreted by the subclones are suitebly separated fram the culture medium,
asches fluid, or serum by conventional immunoglobulin purficatien procedures such as, for Bm;mnla, protain A-

Sepharose, hydrexylapati graghy. pel elect

is, dialysis, or atfinity chromatography.

DNA encoding the Imnnnnlunal antibadies is readily isalated and seq using
{e.g., by using oligonucfeotide probes 1hst ara capabla of binding specifically to genes encading the heavy and light
chains nf the manaetanal anfibodies). The hybridama cells serve as a prefarrad sauree of such DRA, Once isoleted, the
DNA may be placed inta expression vestors, whieh are then transfected inta host cells such as £, £ cells, simian GOS
salls, Chingse hamstar avary (CHO) cells, or myzloma cells ihat de not etherwize produce immunaglabulin arol_e[n, to
abtain the synthesis of monoclanal antibodies in the recombinant host cells. The DMA alsa may be maditied, for
example, by substituting the coding saquence for human heavy and light chain constant domsing in place of the
honealogaus mining sequences, Marrison, ef &, Prec. Nat. Acad. Sei. 69, 851 [1984), or by cavalently juining to the
immunuglabulin coding sequence al or pars of 1he ceding sequenca for a nondmnuunoglobulin polypeptide. In that
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tannsr, "chimeric” of "hybrid™ antibodigs are preparad that have the binting specificity of an anti-ttk monoclunal
antibody herein.

Typically such nenimmuraglobulin polypeptides are substituted for the canstant domeins of an antibody of
the inventfan, or they are substituted for the variable domains of ane antigen comhining site of an amtibedy of the
jnventien ta create a chimeric bivelent sntibady comprising one antigen-combining site haviny specificity for an frk
receplor and another antigen-combining siie having spesificity for a different antigen.

Ghimeric or hybrid antibodies also may be prepared in vitro using knawn methods in-synthetic protein
chemistry, including those involving crosslinking agenis. For example, immunotoxing may be constructed using a
dizulfide axchanga reaction or by forming a thicether bond. Examples of suitable reagants for this purpase include
fmingtbislate and methyl-4-mercaptobutyrimidate.

Recombinant production of antibodies will be descibed in muse detail balow.

) Humanized sntibodios

Gengrally. 2 hunanized antibody has ona or more amino acid rasidugs imroduced into it fram a non-human
snusce. These nor-human aming zcid residues are often referred to as “import™ residues, which are typically taken
front an "mport” yarable domain.  Humanizatien can he essentially performed fallowing the methed of Winter and
co-warkers [Janes ot al., Nagure, 321:622-525 (1286); Riechmann et al, Nature, $32:323-327 (1983); Verhoeyen et
al., Science, 233:1534-1538 {1988, by substituting rodent CDRs or COR sequences for the corospanding sequences

of a human antibody.

A i such "

am ehimerie aatibodies (Gabilly, supra), wherein substantially less

than an intact human variable domain has been substituted by the comesponding sequeree frem a non-human species.
In. practice, humanized antibodies are typically humen antibodias in which seme CDR residues and possibly some FR
residues are substituted by residues from analogoos sites in rodent antibiodies.

It iz important that anribodies be humanized with retention of high affinity for the antigen and other
{avorable hiolagical properties. To athieve this goal, accerding to & prefeed method, fumanized antibodies are
preparad by a provess of analysis of the perental sequences and verious coresptual humanized products vsing three

dimensional modefs of the parental and h izad Three dimensional ir lobulin modals are

commanly available and ara familiar to those skilled in the ari. Computer proprams are available which jugtrate and

e P lobulin

display probable thres-dimensionel conformational structures of selected

Inspsction of thess displays permits analysis of the likely role of the residues in the functioning of the candidare
imreunaglobulin sequenca, .. the analysis of residuss that influsncs the ability of the candidate Jmmunaglobulin to
bind its antigen. In this way. FR residues een be sslected and combined from the consensus and import sequence o
that the desired antthady characteristic, such as increasad affinity for the target antigens), is achieved. In general,
the CDR residues arg directly and most substantially involved in influencing antigen binding. For further details see
t1.5. agplication Serial Na. 071934,373 filed 21 August 182, which is a continuation-in-part ¢f application Seral No.

07(715,272 filed 14 June 1891,
W21-
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fie} Weman antihodtes
Human manoclonal entibodies can be made by the hyhridema method. Human myeloma and mouse-fuman
hatesomyeloma csll fines for the production of human menoclenat entibodies hewe bean described, for axemple, by
Kozbor, J. Imrgnol. 133, 3001 (19848}, and Bradewr, et af, Monaclong| Antibody Preduction Technigues and
Applications, pp. 51-83 {Maresl Deicker, Inc., New York, 9§7).
It is naw possible ta groduce transgeric animals fe.g. mice) that are capable, upos inertunization, of producing a

rapertoite of human antikodies in the ehsence of wlin production. For example, i has been
deseribed that the harozygeus deletion of the entibody heavy chain jaining region (J,) gene in chimeric and germ-fng
mutant mice results in complete inhibition of endogenous antibody productien. Transfer of the human germdine
fmmunaglobulin geng airay (n such germ-iine mutamt mice will result in the preduction of human antibodies upon
entigen challengs. See, e.0. Jokobovits et &k, Proc. Wetl Acad. Sci. USA 80, 2561-265 (1983); Jakohavits s# af,
Neture 362, 265-268 {1683).

Mendez ef #f Wature Gansties 15: 146-158 [1937]) have further improved the iechnalogy and have gengratad
2 line of transgenic mice designated as "Xenomoxse 11" thet, when challenged with an antigen, generates high sffinity
fully human amsihodies. This was achievad by germ-ine integratian of megabase human heewy chain and light chain loci
into mice with deletion ito endogenaes J, segment as described ahava. The Xenomouse !l karbors 1,020 kb of human
haavy chain locus containing approximately €6 ¥y genas. complete Dy and Jy regions and threa differant constart
regions {u, 3 and ;1. and #lse harbors BOO kb of human « locus santafning 32 Vi genes, Jic segments and Dxc genes.
The antibodies produced in these mice clasely resemble that seen in humans in ail respects, including gene
rearrangement, assembly, and reperioire. The hopwn antibodies sve preferentially expreszed over endogenous
antihodies due to detetion in endogenous J; segment that prevents gene restrangement in the nurine lagus.

Alternatively, the phage display techralogy (McCatferty ef ai, Natore 348, 652-553 (1400} can be used to
produte human antibedies and anfifody fragments &1 witra, Trom immupoglotolin varisble (V] domain gene repertsires
from uniramunizet davors. Accarding to this technique, antibody ¥ domaiit genes are cloned in-frame infa sicher &
major ar minor coat protein gene of a filamentous bacterioghana, such as 13 ﬁr fd, and displayed as functicnal
antibody fragments on the surface of the phage particle. Because the filzmentous sarticle contains a single-stranded
AMA copy of the phuge gename, selections based on the functional properties of the antibody alse result in selection of
the gene encoding the antibedy exhibiting thase properties. Thus, the phage mimicks some of the properties of the B-
cell. Phage display can e performed in & varigiy of formets; far their review sed, e.9. Johngan, Kevin &, and Ghiswell.
David .J., Cursent Opinion in Structural Biology 3, 564-571 {18%3). Several sources of V-gene segrments can be uses
far phage display. Clackson er a4, Natyra 352, 624-626 {1281) isclated a diverse aray of anti-oxazalune aniibadies
fram & small random combinatarial library of ¥ ganes derived froar the syleens of immunized mice. A repertolre of ¥
genes from urimmunized human donors can be constructed and antibodies o a diverse array of antigens (including salf-
sntigens} can be isalated essentially fellowing the techniques described by Marks ef af, J. Mal. Biol. 222, £81-597

{1881, or Griffitk er &/, EMBQ J. 12, 725-734 [1993), In a nawral immune respunse, antijody geves accuravlata
22
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mutations at & high rate (samatic bypennutation). Same of the changes introduced will confer higher atiinity, and B

alls displaving high-atfinity surface imr dabulin are preferentially replicated and differentiated during subseq

antigen challenge. This naturel process can be mimicked By entplaying the sechrigue knowm as “chain shuffling”
{Marks 7 &/, Bin/Technal. 10, 779783 (1882]). Ia this method, the affinity of "primary" human antibodies ohtained
by phaga display ten be knproved by sequentially reptlacing the heavy and Tight chain ¥ regiun genes with repestoires of
naturally occurring vartants irepertaires) of Y domain genas ahtained from unimmurized donors. This techniques alliws
the prodvction of antthodies and antihady fragments with affinities in the RM range. A strategy for making very farge
phage antibody repertoires {alse known as "the mother-of-a!l ihrarias™] has heen described by Waterhouss ef af, Nucl.
Acids Res. 21, 2265 2266 {1803}, and the isclation of a high affinity human antibedy directly from swch larga phage
library is regorted by Grififth a¢ a4, EMBQ J. [1984), in press. Gene shuffling can alsa be used to derive human
antibodes from rodant antihadies, where the human antibody has similar aifinities and specificities to the starting
rodent antikody. Accarding to this method, which is alse raferred 10 as "epitape imprinting™, the heavy or light chain ¥
domain gene of redent antibodies obtained by phage display techininus is raplaced with a repertoire of human ¥ demain
genes, creating rotient-human chimeras. Selection on antigen results in isolation of human varizble capable of
restaring & functional sniigen-binding site, i.2. the epitops governs {impsints] the cheice of partner. When the precess
is vepeated in order fo replsce the remaining rodest ¥ domein, a human antibody is obtained {see PCT patent
application WO 8306213, published 1 April 1893). Unlike traditional huranization af rodemt antibodies by EDR

which have no framework or COR residues of rodent

grafting, this technigue provides letely human
origin.

il Bisgecific antibiadiss

Eizpeeific antibadies are manoclonal, preferzbly human or bumanized. antibadies that have hinding specifizitias
{or at least two differsnt antigens. In the present cass, one of the hinding specificitios is for the kG receptor to
provide an aganist anibody, the other one is for any other antigen, and preferably tar anothar racaptor or receptor
subunit. For example, hispecific antibodies spocifically kindiny & tekE receptor and @ neurotraphin, or a trk@ receptar
and anathar trk receptor are within the scope of tha present inventien.

TAethods for making bispeeific antibodies are koawn in the art. Traditionally, the recombinant production of

tiigpecitic antibudies is based on the coexpression of two immunoglabulin heavy chaintight chain pairs, whers the two

Yieavy chains have different specificities {Millstein and Cuefla, Nature 305, 527-538 (1983). Because of the randem

assartment af immunoglohulin heawy and light cheins, these hybridamas {guadremas| produce a potentéal mixture ot 10
different antibady malecules, of which oaly one has the corect bispeeific structurs. The poritication of the correct
malecule, which is usually done by affinity chromatography steps, is rather cumbersome, and the praduct yields are
low. Similar pracedures are disclosed in PCT application publisation No. WD 93/0B529 (published 13 May 1993} and
it Traungcker 2¢ &, EMBA 10, 3655-1659 (1981).

Accerding to & different and mare prefetred spproach, antibody variabte demains with the desired binding

specificities (anfibady-antizen comhining sites) are fused to immunagfobulin eanstant demain sequences, The fusion
23
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preterably is with an immuneqiobulin hesvy chain constant domain, samprising at least part af the ringe, CHZ and CHY
regtons. It is preferted ta have the first heavy chain constant regian (CH1) containing the site necessary for fight chain
binding, prasant in at |sast one of the fusiens. DNAs encoding the immunaglabulin hezvy chain fusions and, if desired,
the immbnoglobulin light chatn, are inserted intn separate exprassion vectors, and are cotransfected into 2 suitabla
host argamism.  This pravides for great flexibllity in adjusting the mutusl proportions of the three polypeptide
{ragments in embogiments when uegual ratios of the three palypeptide cheins used in the construction pravide the
optimum yiclds. It is, however, possitle ta insert the coding sequences for twia or all shree polypepiide chains in one
apression vectar whan the axpression of et least two polypeptide chaibs in equal ratios resuits in high vialds ar when
the ratios are of no particulzr signiticance. I a prefarred ambodiment aof this appreach, the hisgecific antibodies ars
compased of a hybrid immanoglobulin heavy chain with a first binding specificity n one . and 3 hybrid
immonaglotlin heavy chain-light chain pair [providing a segant binding specificity) in the ether arm. |t was found that

4 tekul

this asymmetic struciure faclitates the separation of the desired bispecific | fram

chain combinations, as the presence of en immunoglobulin light chain in enly one half of the bispecific moleculs
provides for 2 facile way of separation. This approath is disclased in PLT Publicatin Mo. WO 9404690, published on
Warch 3, 1894,

For further details of generating bispecific antibodies see, for examyle, Suresh er a4, Methads in Enzymalagy
121, 2101986}

Lz Hetorooonjunete aatibudles

Heternconjupate antibadies are also within the scape of the present inventien. Heternconjugate antinodies
are composad of two eovalently joined eniibogies. Such antinodies have, for example, been praposed to target immune
system cells to unwanted cells (U.S. Patent No. 4.676,380), and for treattwant of BV infection (PCT application
publicatiors Mos. W0 8100360 ant W0 92/200373; EP 03089). Hateroconjugate antibodies may ke made using any
convenient cross-linking methods, Suitable cross-finking agents ate well known in the art, and are disclosed in LS.
Patent No. 4,676,080, alosg with a number of crossdinking technigues,

fuiAntibody fragments
In ceriain embadimenis, the anti-trkG antibody Gnchading muring, bumen and homanized antlbodies, and

antibody variants} is an antibedy fragment. Varieus fechnigues have been davaloped for the prodection of antibody
fragmente. Traditionally, these fragments were darived wia peotealylic digestion of intact antibodies (see, 2.4.,
Morimota &f 8, J. Bipchem. Biophys. iMethods 24:107117 (1992} and Brennan af af, Seiance 228:81 (1905}
However, these fragments can now be produced directly by recombinant host cells. For example, Faly-SH frapments
tan he directly recovered from £ caff and chemically coupled to form Flab'l, fragments {Carter 7 af, Bia/Techaolagy
10:183-167 {19921}, In anather embodioent, the Flab'], is formed using ihe [eucing 2ipper GCN4 ta pramete assernbly
of the Fiabr'}, molecule. Accarding ta another approach, Py, Fab or Flah'], fragments can be isilated directly from
meombinant host cell cofture. Dther techoiguss for the praduction of antibody fragments will be apparent to the

skilled prectitioner.
24
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fuill Aming acid saquence varients of antibodiss

Aming acid saquence variants of the anti-trkG antibodies are prepared by intredueing appropriate nutieotide
thanges into the anti-trkC antibady DNA, or by pepiie synthesis. Such vatiants include, for sxample, deletians frem,
andjar insertions inta sndfor substitutians of. residues within the aming acid sequences of the antitrkC antibedies of

the exairples horein. Any combination of deletian, insertian, and substitution is made fo atrive at tha final construct,

provided that the final construct the desirsd charactesistics. The armin acfi ehanges also may alter post-
tranglational processes of the humenized or vadani anti-tekG antihedy, sueh as ehanging the numbsr ar pasitian of
ghycasylation sites

# useful methad for identification of certain residuss or regions of the anti-trkC antibady that are preferrad
lozatigns for matagenesis is calied “alanine scanning mutagenesis,” as deseribed by Cumingham znd Wells Science,
244:1081-1085 {1989}, Here, a residus nr group of target residues are identified (.., charyad rastduss such as aig,
asp, his, lys, and glu) and replaced Ly a neutral or negatively charged aming acid imost preferably alening or
palyalanine) ta affect the interaction of the aminn zvids with kG entigen. Those amino acid lacatians demonstrating
functional sensitivity to the substitusions then are refined by intraducing further or other variamts at, or for, the sites.
of substitution. Thus, while the sita for introducing an aming acid sequencs variation is predersrmined, the nature of
tha mutation per sz need not be predstermined. For example, to snalyze the performance of & mutation &t a given
site, ala scanning or random mutagenesis is conducted at the target codan or regiun and the expressad antitrkC
antibody variants are screened for the desired activity.

Amino gcid sequance insertians include amino- endlor carboxykteminal fusions Tanging in length from cne
resifuz to polypepties containing a iundred or mare esiduss, as well as inrasequence insertions of single or
multiple aminn acid residues Examples of terminal insertions include en antitrkC antibody with an K-terminal
mathinoyl residue ar the anthody fused to an epitopa 1ag, Other inserfional varianis of the anti-ukC antibedy
malecule inclede tire fusion to the K- ar C-terminue of the enti-tikG antthody uf an erzymie ar 2 palypeptide which
incraases the serum hait-life of tha antibady (ses below).

Another type of variant is an amina acid substituiton variant. These variants have at least one amine achl
residue i the anti-trkC antihody maleculs camovest and a differant residuz inserted in its place. The sites of freatest
interest far substitutional mutagenesis includa the hypervariable regions, but FR alteratiuns are alse contemplated.
Conservative substititians ere shown in Table 1 under the heading of "peeferred substitutions™. If such substitutions
vesult i @ change in biclogical aetivity, then more substantial changes, danominated “sxemplary substitutions™ i
Table 1, or as further described below fn refersnce to amino acid tlasses, may he (nrreduced and the products

seraenail.
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Toble {
Driginal Residue Exemplary Prafarr?d
Substitutions Substitutions

Mz th) vel; lew ila val

Arg {R) Iys; glr; asn Iys

Asn [N} aln; fis; asp. lys: arg qln

Asp (D) glu; asn glo

Cys[C) ser; ala ser

Gin {0] asn; gy asn

Glu (E} asp; aln asp

Gly (G ala ala

His H] asn; gl lys; arg a0

Tio (1} lew; val; met; ala; B

phe; norleueine
Lsu (L) norleucing ile; val; ile
mal; als; phe

Lys K) arg; gl asn arg

Mek iM) lau; phe; ila lew

Phae iF lau; val; ile; alg; tyr fyr

Pra {F) ala ala

Ser {8) the thr

Thr (T} H:i ser

Tre M) tyr; phe yr

Tyr ¥l rp; pha; thr; sar phe

_2§-
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val v ile; leu; met; phe: It
ala; norleucing

Substantial medifications in the biolagical properties of the antibody ara sccomplished by selecting
suhstitutions that differ sigrificantly in their affsct on maintaining {a] the structure of the polypeptide backbone in
the atea of the substitution, for example, as & sheat or lielical canfermatian, (b the charge or hydrophobicity of the
miolecule ar the taryet site, or {¢) the buik af the side chain. Naturally accurring residues are divided into groups
hased on corman side-cisin properties:

i1 hydrophabic: narleucine, met, alg, val, lay, ik,

(2) néustral hydvaphilie: cys, ser, th

(3) acidic: asp, ght;

{4) hasic: asn, gin, Hs, lys, aro;

{6) residuss that influence chain srientation: gly, pro; amd

{6] arpmatic: 1, 1yr, phe.

Non-canservative substitutions will entall axchanping a member of ena st these classes for another class.

Any cysteine residue oot involied in meintairing tha proper canformation of the humanized or variant anti
10 antibody alse may be substituted, generally with serine, tq improve the vxidative stahility of the molacule and
prevent aberrant crosslinking. Genversely, cysteine bond(s) may be added to the amibody to improve its stability
{particularly where the antibody is an antibody fragment such as an Fv fragment).

& particularly prefered type of substitutional variant invalves substituiing one or more hypervarisble region
rasidues of # parent antibody {e.g. a bumanized or fumen amibodyl. Generally, the resulting variantis) selected for
further development will have Improved hiclopical praperties reletive to the parent antihady from which they are
qenerated. A convenient way fur generating such substitutional variants is affinity maturation using phags display.
Briafly, several hypervariakle regicn sites (8.9, 6-7 57t8s] are mutated o penerate all possible amino sobstitutians at
wath site. The anfibody variants thus ganeratsd are displayed in # monavalent fashion fram filamentous phage
particles as fusions ta the gene Il product of M13 packaged within sach particle. The phagedisplayed variams are
then screened for theit biolagical activity fe.g. binding affinity) es herein disclosed. In order <o itemify cendidats
Iypervariable region sites far modificatian, alanine scanning mutagenesis tan be performad ta identify hypeniarisble
region residues contributing Significant!y to antigen binding. Alternatively, or in addition. it may be beneficial to
analyze a orystal structure of the antigen-antibody complex to identify contact paints between: the antibody and
imian tikC. Such contact residues and neighbering residues are candidetes for substituiion according to the
tathniquas alaharated harein. Onee such vartants are generated, the panel of variams Js subjected to screening as
taseribed hereln and antibodies with superiar properties in one or more refevant sssays may he selacted for jurther
development.

fixl Givcosplation variants of antitodies

27-
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Antibodias are glysosylated at consarved positions in their constant regions {Jefferis and Lond, Chem.
Imevunol. G6:111-128 (18875 Wright and Morrison, THTEGH 15:28-32 [1997). The gligosaccharide side chafns of
the immunoglebuling affect the pratein’s function {Bovd ¢ 2L, Mol. Immunal. 32:1311-1318 [1986} Wittwe and
Howard, Biochem. 28:4176-4180 {1990]}, and ihe intramalscular intaraction batwean portions of the glycoprotein
which tan aftect the conformation and presentad three-dimensinnal surface of the ghycoprotein (Heferis and Lund,
supra; Wyss and Wagner, Gurcent Opin. Biotech. 7:408-416 [1998]|. Qligosaccharides may also satve io tarpet a
qgiven glycapratain to cercain maleculss based upon spacific recognition siructures. For example, it has Leen reported
that in agatactosylated g6, the oligosaccharide meiety ‘flips’ out of the inter-CHZ spare and tarmingl N-
acetylafucosarming residues become avallabie to bind mannpse binding grotein (Malhotra et af, Nature Med. 1:237-
243 (1995).  Removal by gly idase of ihe ofi harides fram CAMPATH-1H (a recombinant humanizsd

murine menaclonal 161 antibody which recagnizes the COwSZ antigen of human ymphocytes] praduced in Chiness
Hamster Ovary {CHE) cells resulted in 3 complata reduction in complernent madiated bysts {BMOL) (Boyd of 2., Mal.

nmunol, 32:1311-1313 [1986]), whila selective ramoval of siabic acid residues using neuraminidase resulted in no

loss of DMGL. Glycosylation of antibedies has alsa been reported 10 aifect antibody-dependant ceilular cytotoxicity

[ADCCY, In particular, GHO calls with tetracyclingrequlated expression of [31,41N-acetylyh inyltransf [
[GnTII. & glycosyltransferase catalyzing fornation of hisecting GicNAc, was reported to have impraved ADGCC
activity (Umana of 2/, Mature Biofech, 17:176-180 [1994].

Glyeosylation variants of antihodies are varfants in which the glycosylation pattern af an antibady is
altersd. By altering 18 meant deletdng one or more carbohydrate moieties tound in the antibady, addig ans or mere
carbohydrate meleties to the antifiady, changing the cormposition of glycosylation {giyeasylztion patigrn). the evtent

" of glycosylation, etc. Glycosylation variants may, for example, be prapared by remeving, charging andfor adding ane
or mars glycasylation sites in the nucleic acil sequence encoding the entibody.

Glycosylation of antibudics is typically sithar W-linked or 0-linked. N-lirked refers ta the attachmant of the
carbohydrate moiety to the side chain of en asparagine residue. The tripaptide sequences asparagine-X-serine and
asparagine-X-shreoning, where ¥ is any ardna acid except profine, are the recognition sequences for enzymatic
attachmant at the carhohydrate mofefy fo the asparzging side chain. Thus, the grasenca of either of thass fripsptide
sendences in a polypeptide creatas a potantial glycasylation site. C-linked olycosylation refers ta the attachment of
nne of the sugars N-aceylpalactosaming, galactsse, or xylose to a hydraxyaming acid, most commonly serine or
threanine, although Shydroxyproline or 5-hydroxylysing may also be used.

Addition of glycosylation sites to the antihady is conveniently accomplished by altesing the amino agid

senuence suth that it eantains ane or mare of the shove-dsscribed tripeptid tfar M-linked glycosylation
sites). The alteration may slsa be made by the addition of, or sobstitition by, ane o nore serine or thraonina
residues 10 the saquence of the ariginal antibady tor C-linked ghycosylation sites).

Nucleic acid malecvles encading aming acid sequence variants of the anti-trkG antihody ara mrepared by a

varlgty of methods known in the art. These methads include, burt are not limited to. isolation from a natural seurce [
28
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tha case of naturally accuring aming acid sequence variants) or preparation by aligorwelsatide-mediated (or site-
firected) mukagenesis, PGR mutagenssis, and cassalte Mutagenesis of #n garlier preparad variant or a non-variant
versian of the antitrkC antfhody.

The g

tincluding giyensylation pattem] of antibodies may also be aftered without altering fie

derlying nuclectide sequence. Glycasylatian largely depends on the host cell used 1¢ express the amtbody. Sice
the cell type vsed for expression of recombinant glycoprotaing, e.g. antibodies, as potential therapeutics is raraly the
native cell, signifizant variations in the glycosylation pattern of 1he antibodies can be expected (see, 8.g. Hse of &, J.
Bigl. Chem. 272:9062-9070 [19971}. In additian to the choice of hast cells, factors which affect plycosylation during

recom i of antibodies inchude growth mode, media formularion, culture density, oxypenation, pH,

purificatisn schemss and the like. Varfous methods have bean propesed to alter the glycesylation pattem achieved in
9 particular host organism including intreducing or sverexpressing ctertain enzymes invalved in oligosaccharide
production {U. S. Patent Nas, 5,047,335 5510,281 and 5.278,789). Glycosylation, or cedtan types af
qlycasylation, can bs enzymatically removed fram the glyeopratein, for exzmple using endoglycasidase B (Enda H). In
addition, the recombinant host cell can be genstically enginsered, .. tmake defective in processing rertain types of
polysaccharidas. These and similar technigues are well known in tha art.

The glycosylation strecture of anthodies ean be readlly amalyzed by canventional technigues of
carhohydrate analysis, invluding lestin chramatography, NMR. Mass spectometry, HPLG, GPC, monssaccharide
compagitional analysis, sequential eneymatic digestion, and HWPAEC-PAD, which oses high pH anion exchenge
chromatography to separate oligosacchanides based on charys. Methods for releasing afigasaccharides for analytical
pumases are also knawn, and include, without limitation, enzynatic freatment jcommonly gerfarmad using peptide-N-
plycosidase Fiendo-B-galaniosidase), elimination using harsh alksline emvironment to releese meinly C-linked
siruciwes, and chemical methods using anhydrous hydrazing 1o refease both N- and 0-linked oligesaccherides.

I3 Gther madifications of antibadies

Tha antitrkC antibedies disclosed ferein may also be formulated as immuaslposomes.  Lipnsomes
containing the antibady are prepared by mathods known in the art, such as described in Epstein 8f &/, Proe, etl
Acad. Sci US4 823688 (1985); Hweng &t al, Proe. Natf Aced. Sei, /54 73:4030 (1980 and U.5. Pat. Nos.
4,485,045 and 4,544,545, Lipasomes with enhanced sirculation time are disclosed in 1.5, Patent No. 5,013,556

Barticulady useful Eposomes can ke generated by the reverse phase svapuration mecthed with 4 ligid
compesition comprising phosphatidylcholing, ehalesteral and PEG-derivatized phusphatidylethannlamine (PEGPEL
Liposomas are extrded thenugh filters of defined pore ize to yleld Fpasomes with the desred diemeter. Fab’
$ragments of the amhody of the present inventian can be conjugated to the linasontes @5 describad in Martin of &l J.
Binf Chem. 257:208-288 (1982} wvis & disullide intetchange reactian. A chemotherapewtic agent [such as
Doxnrabicin} is optionally contained within the liposome. See Gahizon or o, S Astianal Cancer frst 8111831464
{1889).

29,
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The antibody of thg prassnt invention may alsa ke used in ADEPT by eanjugating the antibody to a prodneg-
aclivating enzyme which cunverts a prodrug (.., @ peglidyl shemothsrepeutic agent, see WO81/01146) te an active
anti-cancer drug. See, for example, W0 8807378 and US. Patent No. 4,976,278.

The ereyma companent of tha immuactonjugate usetul for AREPT includes any enzyme capable of acting on
a prodrug in such 2 way so as to covert it inta its more active, cyiataxic farm.

Enzymes that are useful in the methad of this invention ineuda, but are nat limited o, akalina phosphatase
usefin for converting phosphate-contaiing prodruge into free drugs; arylsulfatase vseful for converting sulfate:
cantaining prodrugs into freg drugs; cyrosine deaminase useful far cenverting nan-toxic &-fluorocytosine inta the anti-
cancer drug, 5-fluoreuraci; mroteases, such as senatia protease, thermolysin, subrilising carhoxypeptidases and
cathapsing lsuch as cathepsins B and L, that are ussful for converting peptide-containing prodrugs into free drugs; D-
elanylerborypeptidases, useful for convering prodrugs that cogtain D-amino acid substituents: carhohydsate:
dleaving enzymas such as -natactosidase and neuramividase useful for converting glysusylated prodrugs inta free
trugs; -lactamase usaful {ar converting druns darivatized with -lactams inta free dewgs; and peniciilin amideses, such
as penieiliin V amidase or peniciliin G amidase, useful for converting drugs derivatized a1 their aming nitrogens with
phenoxyacetyl or phenplacetyl groups, respectively, into free drups. Alternatively, antibodies with enzymativ activity.
als0 known in the a1t ag “abzymas”, can be used to comvert the prodrugs of the invantion inta free active drugs Isee,
5., Massay, Mature 328:467-288 (18870, Antibedy-abzyme conjugaies can be prepared as describad hersin for
tglivary nf the abzyme to g tumer cell papulation.

The enzymas of this invention can be covalantly hourdl ta the anti4rkC antibodies by technigues well krawn

in the art such as the use of the ¢ hif i i ahava. Alf i fusion

ional crasslinking reagents
proteins comprising &1 least the antigan binding region af an antibody of the invention linked to &t least a functionally
active portier of an snzyme of the invention ean be ceastiucted wsing recormbinant DA techniques welf known in the
art [sea, 2.4., Neuberger ef 2/, farare 312:604-608 [1384])

In vertain embodiments of the invention, it may be desirahle to use an antibody fragment, raiber than zn
intagt antibudy. In this case, it may be desirable to modify the antibody fragmens in order o increzse its serum half-
life. This may ke achieved, For examgle, by incorporation of & salvage receptor kinding epitope inte the antibody
frapment {e.g., by mutation af the apptopsiate region in the anfitedy fragment or by incorpurating the epitope inte 2
peptide tag that is then fusel to the antibody fragment at either end or in the middle, 2.2, by DNA or peptids
synthesis). See WOBE/32478 published Detoher 17, 1886,

The salvage rseeptor binding epitopa generally constitutes a region whetein any one ar more amine acid
resifues from one or two loops of a Fo dumain are transferred 1o an analogows pasition of the antibady fragment.
Even mare preferably, three ar more residues from ang or two lops of the Fe domain are transferragd. Still mare
preferred, the epitope iz 1aken from the CH2 domain of the Fc region {e.g. of an IgB} and transierred to the EHT,
EHS, or Yy regian, or mar than ane such region, of the aminody. Atarnativaly, the spfiepe is taken from the CH2

domalit of the Fr region and transferred to the £, reylan or V, region, or both, of the antibody fragpment.
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Govalgnt madifications of the humanized or variant anil-rkD antibady fincheding glycosylation variants) are
also included within the scops of this invention. They may he made by chemieal spnthesis or by enzymatic or
chamical clzavage of the antihody, if applicable. Dther types of covalent medifications of the aptiboedy are intradured
inta the molecue by reacting targetad amino acid residues of the antibody with a0 organic derfvatizing agent thet is
capabls of reaciing with selected sida chains or the N- or C-tarmingl residues. Exemplary covateni radifications at
polypeptides are deseribed in US Patant 5,534,615, specifically incorparatad hersin by reference, A preferted typa of

covalent meditieation of the antibody comprises linking the antibody 1o ons of a variety of orproteinaceous

palymers, eg., polyethylene glyrol, pelypropylene glycel, or pelyoxyalkylenes, in the manner set forth in LS. Patent
Nos. 4,640,835; 4,486,889 4.301,144: 4.670,417: 4,781,192 or 4,179,337
2 Vartars, Host Cells and Recombinant Methads

The inveniion alsy provides isolated nueleic acid encoding the nenhuman, e.g. morine and hurman anti-trkC

antibodies of the present invention {includieg the humenized varsians of the nonhuinan antibodies), veetozs and host
- cells comprising the nuclsic acid, and recombinant technigues for the produetion of the aniibndies.

For recombinant production of an antibody, the nucisic acid encoding it may be isolatet and inserted into a
replicabla vechor tor further cloning (amplification of the DNAJ or for expression. In another smbadiment, the antibody
may he prodused by hamologous recormbination, 2.4, ez described in US Patent 5,204,244, specifically incatparated
erein by reference. DNA encoding the mangclonal antibody is readily isolated and senuenced using canvemional

I5.g.. by using oli ide probes that are capatile of binding specifically to genes encading the heavy

and light chaing of the entibadyd. Many veelors are available. The veotor components genarally includs, but are not
limited t2, one or more of the follewing: a signal sequence, ar arigin of replication, one or more matker genes, aa
enhancer slement, a promoter, and a transcription tarmination sequence, e.g., as describad in US Paient 5,534,615
igsued July 9, 1298 and specifically incorparated bersin by reference.

Suitable hest cells for cloning or expressing the DNA in the yectors hersin are the prokaryote, yeast, ac

highar eukaryate cells éescribed above. Suitshle prakaryotes far this purpese include evbacteris, such as Gram-

negative or Grarm-pasitive arganisme, for example, Enterohacteriaceae such as Fseharichia, e.g., E. coli Faterohectar,
Erwiifa, Riehsialia, Profecs, Sak s, 6.9.. Ssir iy v, Serralia, 8.4, Seatis marcescens, and

Shigalia, a5 well as Secili such as B, subtilie and 8. Sehsnifoiruis (6.g., B. Skeniformis 4P dizclused in DD 266,710
published 12 April 1985), A steh as P f and Strep . One prefarred £. cg# claning host
i £ coff 204 {ATCC 31,448], although other strzins such as E. £ahi B, £ caff X1776 [ATCC 31,537), and £, coff
W3110 (ATGE 27,325) arp suitabla. These examples are ilustrative rather than limiting.

In addition: 1o prokaryotes, sukaryotic micrabes such as filamentous fungi or yesst are suifabla cloning or
expressien hosts for anti-trkG antibody-gncoding vectars, Secafisromyres serevisize, or coranon hakar's yaast, is the
most comrmonly ussd among lowar eukaryatic host microorganisms. Howeuer, a nimher of offier genera, spacies, and
straing are canmmanty availatle and usetul herein, such as Sehzosaccharomycas pombe; Kfeyveromyces hosts such
as, e & factis, K. fragiis \ATEC 12,424}, K. bulparicus (RTCC 18.048), &, wiskeramil IATCG 24,1781, K. walth

A1-

JP 2004-500873 A 2004.1.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

25

30

(98)

WO 0198361 PUTAISOL20153

{ATCG 56.500), & drasophizrom (ATGC 36,9061, X . rhemnstolerens, and K. marsianvs; yerrowia (EP 402,228);
Pichia pastars \EP 183,0705; Candida; Frichodsema reesia (EP 244,234 & crassa; Sih i such

a3 Schwanpiomyces oceidentalis; and fllamentous fungi sach as, 2.g., Mearosgors, Peniciffium, Talypockadiom, and
Agpergiiips hnzts such as 4. midans and A. siger,

Suitable hast cells for the axpressien of glycosylated snti-trkC antibody are detived fram multicellular
urganisms. Examples of invertebrate cells include olant 2nd insect cells. Numerous baculoviral strains and variants
and corraspanding permissive insect hast cells fram hosts soch as Spodasters frugiperds (caterillar), Aedes segypti
Imasauitol, Asdss atbagicivs mosquita], Drosopfite metanogaster (ruitflyl, and Bombyx mori have heen identified. A
variety of vical strains for transfection are publicly availahle, a.g, the L-1 variant of Sutagraphs calbfarnics NPY and
the Bm-5 strain of Bombyy mas NPY, ard such viruses may bo used as the vires herein ascending to the present
imvention, particularly far transfection of Spadsgters fugiterda cells. Plant cel! cultures af cotton, corn, patato,
siyhean, petunia, tamata, and tobacca can alsa be wtilized as hosts,

However, interast has heen greatest in vertebrate selts, and propagation of vertebrate cells in culiure (lissue
culture] has become 8 routine procedure. Examples of useful mammafian host call lnes are monkey kidney CY1 line
transformed by S¥40 (E0S-7, ATEL CRL 1651); human embryonic kidney line (283 or 293 c#llz subsloned for growth
in suspension cutture, Greham er &1, J. Fen tiral 36:59 (1977 baby hamster kidney cells [BHK, ATCC CCL 105
Ghinese hamster ovary cellsDHFR (GHO, Urlaub of of. Proc. Nati, Acsd. Sci USA TT:AZ16 [1960]) mouse sertali
celly (T4, Mather, Biof Baprod, 23:243-751 [1980]; monkey kidney cells (L] ATCC CCL 70); African grean
maonkey kidray cells (VERD-768, ATCC CRL-1587); hunen cesvical carcinona cells (Hela, ATCE CEL 2); canine kidaey
ells (MDCK, ATCG CCL 34); buffala rat liver cells (BRL 34, ATEG GAL 1442); human lung tells {W138, ATCC ECL
76); harrian fiver talls IHep 62, HE 80G4); mouse mammary tumor (MMT 060562, ATCE CELG1); TRE cells (Mather er
af. dnnals .Y, Aeach Sei. 363:04-68 [19821) MRC 5 eslls; and F54 eells.

Host cells are transformed with the abava-described axpression or elaning vectors for anti-trkC entihody
productien and culivred in eonventional nutrient mediz moditied as am:;muriate fer inducing promaters, selecting
transformants, or amyplifying the genes encoding the desitsd ssquences.

The hest calls used to praduce the antl.irkC antibedy of this invention may be cultured in 3 variety of media,
Commarcially available media such as Har's F10 (Sigroa), Minimal Essential Medum (MEM) {Siomal, RPMI-1640
(Sigrmal, ant Dulberco's Modified Eagle’s Medium {DMEM) (Sigra) are suitable far cultuting the host colls. In
addition, any of the media deseribed i Ham ef a1, Merd For. 58:44 11970}, Bames ot al, Anal. Qlochem.102:255
{1980}, U.5. Pat, Mos. 4,767,704; 4,657,866; 4,927,762; 4,660,686; or b, 122,465, WO B0/03430; W0 87/00195;
qr 1.5, Patent Re. 30,885 may ke used as cultore media foc the host cells. Any of these media may be supplemented
a3 necessary with harmenes andfor other grawth factars {such as nsulin, transfamin, or epidermal growth factorl,
salts {such g sodinm ehioride, calcium, magnasium, and phasphatel, buffers {such as HEPES), nuckotides fsuch as
adenosine and thymidine], antibictics isuch a8 BENTAMYCIN™ drug). traca siements detined as inorganic compounds

ustally present ar final concentrations in the micromolar rangel, and glicoss or an equivalent enssgy souree. Any
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ather necessary supplentenis may also he included st appraprigte concentrations that wauld be known o those:
skilled in the ari. The culture conditions, such a3 fernperature, pH, and the like, are fhase previously vsed with the
itost call selected for expressian, and will be apparent ta the ordinarlly skilled artisan.

When using recombinant technigues, the antibady can ba produced infracellufar)y, in the periplasmic space,
ar directly sscrated inta the medium. If the antibody is produced intracelllarly, as & first step, the particulate dehris,
citties host cells ar lysed fragmens, is removed, for example, By centrifugation or ultrafiitration. Carter ef &f,
Big/Technolegy 10163167 (1892) describe 3 provedurs for isolating antibodies which are secieted 10 the
periplasmic. space of £ coki Briefly, call pasts is thawed in the presence of sodiura acetate [pH 3.5), EDTA, end
phenyimathylsulforyliluaride {PMSFi over afout 30 min. Cell debris can he removed by centrifugation. Where the
antibady is secreted intn the medium, supematants from such exgression systems 2re genarally first concentrated
using & cammarcially available protein concentration filter, for example, an Amican ot Millipore Pellicon uttrafiltration
unit. & protease inhihitar such as PMSF may be included in any of the foregaing steps to inhibit prateelysis and
antihioties may he mcluded to prevent the growth of adventitious contzminants,

The antibody compositian prepared fram the cells ean bg murified wsing, for example, hydroaylapaiita
chromategraghy, gel slactrapharesis, dialysis, and affinity chroratograghy, with affinity chromatography befng the
prefertad purification tachniqus. The suitekility of protein A as an affintty ligand depends on the spacies and isotype
of any immunaglebulin Fc ¢amain that is present in the antibody. Protein A £an be used to purity antibodies fhat arg
bhased on humen 1, 2. or 4 heavy chains (Lindmark af &, J. immanol Meth. 62:1-13 {1283)). Protein G is
recommendzd for alf mouse isatypes and for human 3 (Buss er af, EMED . 515671576 (1886)). The matrik to
whish the affinity liganut is attached is most aften aparose, but other mairices ars available. Mechanically steble
matrices such as controlizd pore glass or polylstyrenediviny(benzene allow for faster flow rates and sharter
propessing times then can be achieved with agarnse. Where the antibody camprises a (,J domain, the Bakerbond
ABX™ resin (J. T. Baler, Phillipsburg, M) is useful for purification. Other techniques for pratefn purificaticn such as
Fractionation on an lonexchange column, ethanol precipitation, Reverse Phase HPLL, chromatography en silica,
chromatogeaphy en heperin SEPHARDSE™ chromatagraphy on an anion or cation exchange resin {such &5 a
paiyaspartic acid colemn), chromatafocusing, SHS-PAGE, snd ammonivm sulfate precipitation are also available
depending on the antibody to bs recovered,

'Fntlc-winu sy prelirinary purification stepls). the mixfure camprising the antibody of Tnterest and
contammients may be subjected to low pH hydrophabic mieraction cheamatagraphy using an alution butfer at a pH
hetween about 2.5-4.5, preferably narfarred at low salt concentrations {e.g., from abut G-0.26M salt).

Agonist antibodies may be identified, for example, using the kinase receptor activation [KIRA} assay
deseribed in U. S Patent Nos. 5,766,863 and 5991650, This FLISA-type assay is sutable for oualitafive ar
quantitetive measurement of kinase activation by measuring the autophospharylation of the kinase domain of a

recepter pratein tyrosine kinese tPTK, 6., itk recaptor), as wall as for identification and charzcterization of patential
a3
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agonist or antagonists of a sslecred rFTK. Tha tirst stage of the essay involvas phospharylation af the kinese domain
of a kinasa receptar, in the prasant rase & Wk receptar, wherein the feceptor is present in the cell membrave of a
eukaryotic call. The receptar may ba an endegenous recemtor or nucleic acid encading the receptor, or a recepisr
construct, may be transfarmed inta the cell. Typically, a first solid phasa {e.¢., 3 wall of a first assay plate) is coated
with & substantially homagenaaus pogulatien of such cefls {usually & mammalian cell line) sa that the cells edhere 10
the solid phase. Biten, the cells are adherert and thereby adirere naturally to the first solid phase. If 2 "receptor
constiuzt” is used, it usaally comprises a fusion af & kinasq recepror and a flag pelypeptide. The tlag palypeptide is
recognired by the capture agemt, often a capture antibody, in the ELISA part of the assay. An analyte, such as 2
candidate agonist, is then added to the wells having the adherent calls, such that the tymsine kinase receptor le.g.
trkC raceptor) is exposed to {or contaeted with) the analyte. This assay enables identification of aganst ligands for
the tyrosine kinase receptor of interest (.. tkCl. It is also possible to use this assay 1a detect antagonists of &
tyrosing kinase reseptor. In order to detect the pressnce of an antaponist igand which hlocks finding ot an agonist to
tha raceptar, the adhering calls ave expased ta the suspacted antagunist ligand first, and then ta the agonist ligand, so
that competitive inhibition of recepior binding and zetivation can be measured. Also, the assay can identify an
antagonist which bipds to the agonist ligand and thereby reduces or eliminates its ability te bind to, and ectivate, the
PTK. To ds'tecr such an antagonist, the suspected antagonist and The eganist for the fPTK ere incubated fogether
and the adhering calls are then exposed to this méxture of ligands. Fellowing exposure to the analyte, the adirering
cells are solubilized vsing a lysie buffer twhich haz 2 solubilizing datergent thersin] and pantle agitation, thereby
reloasing cell lysate which can be subjected to the ELISA part of the assey dirsetly, withoui the need for caneentration
oF clarification of the vell lyaate.

The cell lysata thus prepared s then ready to be subjected to the ELISA stage of the assay. As a first step
in the ELISA stage, & sacond solid phass {usually 2 wel of an ELISA micreiter plate} is coated with 2 capture agant
{oitan @ capture antibody) which hinds specifically 1o the tyrosine kinase receptor, or, in the case of a receptor
construct, te the flag potypeptide. Goating of the secand solid phasa is carried eut so that the capiure agent sdhares
ta the second solid phase. The capture agent is penerally a monaelonal antibady, but, as is deseribad in the examples
hergin. poiyclonal antiboriies may aiso be vsed. Tie cell lysate ebtained is ther expased to, ar contacted with, the
adhering capture agent so that the recepior or receptat constrecy adheres 10 for is captured in) the second salid
nhase. & washing step is then earried out, 50 ag to remove ungound sell ysats, leaving the capiured receptur or
receptos consteact. The adhering ar captured receptar ar recepter construct is 15en sxpased to, or comacted with, an
anti-phosphntyrosing ansibody which itentifies phosphorylated tyrosing residues in the tyrosine kinase receptor. In
the preferred ernbodiment, the anti-phosphotyrosing antibody is cenjugated (directly or indirectly) 1o an enzyme which
catalyses & color change of a nop-radioactive color reagent.  Accordingly, phosphorylation of the receptor cen be
measured by » subsequent cofor change of the reagent. The enzyme can ba bound ta the antiphosphetyrosing
antibody directly, or & corjugating melecule {e.g., bistin} can be conjugated 1o the anti-phosphotyrosine antibody and
1he enzyme san be subsequantly bound to the anti-phesphatyrosine antibody via the conjugating mofecule, Finally,
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hinding of the anti-phosphatytesive antihody to the captored receptor or receptar construct iz measured, a4, by a
color changa in the eclor reagent.

Following initial ientification, the agonist activity can he further confirmed and refined by bicassays,
knawn o test the tareted hiolagical actiities. For example, the ability of anti-trkG moncclonat antibodies to mémic
the activity of NT-3 can be tested in the PC12 neurite outgrowth essay as describeg in Example 1, and confitmed in
known znimal medets of neurodegensrative diseases, such as the exparimental animal modals of cisplatin and

pyridoxine-induced neuropathies deseribed in Example 2.

3 Therapeutic apd Diagnostic Uses of Agonist &nth- TrkC Artiodies

Tha anti-trkE agonist antibadies of the present invention ae believed to be wseful in the irsatmeni fineloding
preventian) of disorders the pathology of which invelves cellular degeneratian or disfunction. In partitular, the anti-
kG agonist antibodies ara promising candidates for the treatment of varfous {ehronic) nauradegenerative disorders.
and acuts nerve cell injuries.  Such neurodegenerative disorders include, without timiiation, peripheral neuropathies:
maiorneuren disorders, such s amylotrophic lateral schierosis (ALS, Lou Behriy's disease), Bell's palsy, and various
conditions invalving spinal muscular atrophy or paralysis; and other humen neurodegsnerative diseases, such as
Alzhginter's disease, Parkinson's disaase, epflepay, rmultiple schlerasis, Huotington's charea, Down's Syndrome, nerve
deafnass, and Meniere's disease, and acute verve cell injuries, for example due to trauma or spinal card injury.

The anti-trkC antibasies of the prasent jmuention are believed 1o be particularly soited for the treatment of
neripheral neuropathy, a peurodegensrative disorder that affects the peripharal nerves, most often manifested as one
or a combiration of motor, sensary. sensorimoter, or autenemic dysfonction.  Peripheral aaurepathies may, dor
axample, be genetically acauired, can result from a systemic disease, can be induced by & taxic agent, such &s 8

ic drup, 8.0. antinesplastic agend, or industdal or emvirbmental pollutant, ov can be idipathic. Thus,

penpheral sensary hy is izad by the de; ion, dacrease or failure of function of peripheral
sensory neurprs, whish may ocewr, for example, as a consaquenca of diahetas (Hiabetic neuropathy}, cytostatic drug
therapy in cancer (e.g. trestment with chemaotherapeutic agents such as vineristine, cisplatin, methotrexate, or 3~

arid-&'-deaxythymidinel, acquired | ficiency syndrome [AIDSL or peneiic pradisposition.
Genetically acquired peripheral neuropathiss inchude, for axample, Refsum's diseass, Krabbe's disease, Metachromatic
lenkadystiophy, Fabry's disease, Bejerine-Sottas syndrome, Abetalipeproteinemia, and Charsot-Marie-Tooth [CMT)
Diseass falsa known as Proneal Musculzr Atrophy or Hereditary Motor Sensary Neurspathy (HMSH)

Based on the demonstrated ability of NT-3, the native ligand of the kG receptor, to pramoia profiferation
of perigheral blood leukocyles, the anti-trkC aponist antihodies of the presont iwention may be used alzo as
therapeutic agents for the freatment of neutropenia, various infections, and tmars,  Sinez the expraseion of trkC is
not limited ta neurens, anti-trk6 agonist antihodies are expected to find utllity in the prevention o treatment of

disarders ch ized by cellular d ion in general, withour rastriction to neural calls.
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The ami-trkC antibpdiss of the present invantion may alse be usad to induce angiogenssis, or Treat .

pathalogical sanditians!diseases in which the industion of angiogenesis is desirable, Such pathafogical conditiens
include, far examale, cardizc ischemia repandless of the underlying pathology. including cerebravascular disorders
cabsed by insuiticient cersbral eircalation. Angiagenssis may also be desirable in the treatment of wouwnds, inchuding
ulcers, diabetic complications of sickle cell disease, smd post serpicel wounds.

The adi-tekC antibodies of the present invention may alsa be useful in the diagnasis of diseases invalving
callular degeneration, in particular the neurodegenerative diseases listed above.

Fur disgrosiic applications, the amiedy typically will ke labeled with 2 detectable moiety. Numereus
labsls are available which can be generally grovped inta £he following categories:

fa) Radisisotopas, such as S, MG, ™I, *H, and "I, The antibody can ha isbeled with the radioisotepe
using the techniques described in Carrent Protecols in immensiagy, Vahumes 1 and 2, Coligen of 2/, Ed. Wiky-

Interacience. New Yark, Now York, Pubs. {1981) far example and radioactivity can be i Using
cauniing.

{6] Flugrescent labels such as rare earth chelates {europium chelaiest or flugrescein and its derivatives,
thadaming and its derfvatives, dansyl, Lissaming, phycoerytbein and Texas Red are available. The fuoreseent iabals
can be cenjugsted to the antibody using the achnigues diselosed in Current Protecels in lmmunology, sugra, for
axample. Flunsescence can be guantified using a fluorimeter.

16} Varfous enzyme-substrate Jabels are availshlz and 1.8, Patent No. 4,275,148 provides 2 review of some
of these. The enzyms generally catalyzes a chiamicat altaration af the chromaganke substrate whick ean bz measured
using various tachniguss. For example, the enzyme may catalyze a color change in a substrate, which can be
measured spectrophotomatrically, Altemasively, the engyme may aiter the fluorescence ar chemilminescence of the
substrate. Techniques fer quantifying a change fn fluoressence ara described shove. The chemiluminescent substrate
beeomes electranically excited by 2 chemical reaction and may then emit light which ¢an be measured iusing a
chemiuminomeres. for example] or donates energy fo a fluorescent acceptar. Exampies of enzymatic Jabels include

luciferasas {eg.,  firsfthy luciforass and bacterial lciferase US. Patent No. 4737456} (wcilern, 2.3

ydrophthelazined: malate deltydrog ursass, paroxidase such as horseradish peraxidase (HRAPC). alkaling
phasphatase, -galactosidase, ghreaarmylase, lysozyme, saccharide nxidases [e.g., glucosa oxidase, galactose oxidass,
and glucoss-B-phosphate dehydogenasel, heterseycle oxidsses (such as wdcase and Xanthine oxidasel
factopesnxidesa, microperaxidase, and the fike, Technigues far conjugaiing enzyrmes 1o antitadiss are daseribed in
0'Sullivan &f 8., Msthots for the Preparation of Enzyme-Antihody Ganjugates far use in Enzyime immunozssay, in
Methods in Frzym. ed J. Langane & H. Van Vungkis), Academic press, New York, 73:147-166 {18681).

Examyles of enzyme-substrate combinations inchuds, for example:

i} Horseradish pevaxidase {HRPO) with hydrogen percxidase as a substrate, wherein the hydiogen
peroxidase orifizes & dye precursac (g.g. orthophenylene diamine (OPD) or 3,388 tewamathyl benziding
fiydrachloride (TRMEY;
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il alkaling phospharass {AF) wiih para-Ritrophenyl phosphate as clromogenic subsirale; and

{ii) -D-galactasidase (-D-Gal) with a chromogenic. subsirate {eg., p-nittuphenyl--0-galactosidase} or
Hugragenic substrate 4-methylumbelliferyl- -D-galactosidase,

Murderous other enzymie-suhstrate comhinations are available to those skilled in the art. For a general
review of these, see LS. Patont Moz, 4,275,148 and 4,318,880,

Sometimes, the lebel is indirecty conjugated with the antibady. The skilled artisan will be aware of varicus
techniques for achieving this. For examale, the antibody can be corjugated with Bietin end any of the three broad
categories af lahels mentinnedl ahovs ten be conjugated with avidin, or wee versa. Biotin binds selectively to avidin
and thus, the label can be conjugated with the antibody in this indirect mankgr. Altemativaly, to achiava indiract
canjugation of the label with the antibedy, the artibedy is conjugated with a small hapten (a.2, digoxin} and ane of
the different types of labels mentioned above is coajugated with an anti-bapten antibody {e.g., anti-digoxin antibody).
Thus, indiect conjugation of the label with the antibady san be achieved.

In another embadiment af the invention, the anti-trkC antibody need not be lgbeled, and the presence
therent can be detected using a labeled antthody which binds ta ihe anti-trkC antibudy.

The antibodies of the present invention may bz emnloyed M any knawn assay maibod, such 85 compstitive
binding assays, direct and indicect santwich assays, and immuncpreeiitation aseays. Zala, Monocional Antibodies:
A Maneal of Technimses, pp.147-158 [CBC Press, Ing. 19871

Gempgtitive hinding assays rely on the ability of 2 labeled standard to compste with the test sample
analyte far hinding with @ limited amoeunt of antihody. The amaunt af trkE pratein in the test sample is inversely
propartional ta the amount of standard that becomes bound to the antibodise. To fatilitata determining the amount
of standard that becames bound, the antihodiag generally are insolubilized befere or after e competition, se that the

standard and analyte that are haund to tha antibodies mey ienily be d from the standard and analyie
which remain ynbaund.

Sandwich assays involve the use of twa anthodias, sach capable of hinding 1o 2 different immunagenic
portion, or epitope, of the protein to be detected. In a sandwich assay, the test sarple analyte is bound by a first
antibody which js immetilized on a solid suppart, and thereafter 2 second antibody binds to the analyie, thus farming
an insoluble three-part complex. See, 4. U. 8. Patent No. 4,376,110, The secand antibody may itself be labeled
with 2 detectable moisty {dirsct sandwich s3says) or may be messured using an snti-tnmunogiobulin antibady that Is
tabaled with & detactabls muiety {indiract sandwich assay). For examgle. one type of santwich assay is an ELISA
assay, in which case the detectable molsty is an enzyms.

The antilmeies may also be used for &7 wie diagnostic assays. Generally, the antthody is labeled with 2
radioruelide {such as "'In, #Te, "*C, ¥, ™4, ™, **P or *5) 5o that the cells s fissuz of interesi can be localized
uging immunoscintiography.

The ansihadies may also ba uset as staining reapenis in pathology, Jolfowing techniques well known in the

art.
-57-
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The antitrkG agonist antibadies of the present invention are believed to possass numerous advantages over

NT-3 as therapautic agents, inchuding improved efficacy, mpraved pharmacakinetic praperties {pK) and bivavailability,

and lack of ia following administration.
4. Pharmaceutical formutations
Therapautic formufations of the sntibodies of the present inventien are prepared far storage by mixing the

antibody having the desired degree of pority with optional phy cariars, sxcipients or stabilizers

P hi

(Hemingion's Prarmaceatical Sciences 15th edition, Dsol, A. Ed. (1980]), in the ferm of [yophilized formulations of

cartiers, excipi ar stahili are nontoxic to recipiants at the dosages and

aluenus splutions.

concenteations employed, and include buffers such as phosphate, citrate, end other organic aewds; antioxidants
including aseosbic acid and methioning; oreservatives (euch as octadecyldimethylbenzyl ammanium chleride;
hexemeshonivm chioride; benzalkgrium chivride, henxethoniur ehoride; phenal, butyl or benzyl alcchal; alkyl parahens
such as methyl or propy! paraben; catechel; resorcinol: cyclobaxancl; 3-pentanok and m-gresal]; lew molecular waight
fless than about 10 rasiduss) polypeptides; grotsins, such as serum alburin, gelatin, or immunoglabulins: hydraphific
polymers such as polyvinylpymolidone; amine ecids such as plycine, glularing, asparagine, histiding, arginine, or
lysing; monesaccharides, disaccharides, and other carbohydiates including plueose, mannose, or dextrins; chelating
agents sueh ag EDTA; sugars such a3 suerase, mannitol, trehalase or sorbitel; salt-forming counterions such as
sadium; metal complexes fe.g., Zn-pratein complexesk and/or nananlc surfaciants such as TWEEN™, PLURONICS™
or polveihylene plycol {PEG).

The formutations herein may alsn contaip more then ane active compound es necessary for the particular
indication being treated, preferably those with complementary activities that do not aduarsely aifect sach other.
Such malecules ara suitabiy present in combination in amaunts that are eftective for the purpose intended.

The active ingredisnts may also B¢ enfrapped in micracapsule prepared. for example, by coacervation
techniques ar by interfacial polymerization, for exampls, hydraxymethyloelulose o pelatin-micicapsule and poly-
[mathylmethacylate) mictorapsule, respectively, in calloidal drug delivery systems (for example, liposomes, albumin
mierospheres, microemulsions, nana-particles and nanacapsules) er in macroemalsions. Such technkques are disclased
in Remiagton's Pharmateuivcal Scignces 16th edition, Dsol, &, Ed. {1380,

The fammlations to be used for je wie administration must be sterde. Tiis is readily accomplished by
filiragion through sterile fiitration membranes.

Sustainer-release preparations may be prepsred. Suitable examples of sustained-releasa preparations
includg semipermaable matrices of solid hydraphabic polymers containing the antibody, which matrices are in the
form of shaped articles, a.g.. films, or microcapsule.  Fianiplas of sustained-refeass matrives include polyesters,
hydrogels [Far cxample, polv(Z-hydroxyethytmethaceylate), or polylvinglaloaholll, polylactides (1.8, Pat. No.
3,773,818}, copalymers of L-gltamic acid and  ethyl-L-glutamate, non-degradable ethylene-vinyl scetate, Gegradable
lactic acid-glycafie acid copolymers such a3 The Lupron Dapoe™ finjectabla microspheres composed sf lactic acid-

glyeolic acid capolymer and ‘euprafide acetats), and paly-D-[; Thydraxybutyric acid.  While palymers such as
38
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ethylene-vinyl acetate and lagvic acid-glycolic acid enabls refaase nf molecules for ver 100 days, eartain hydrapals
relesse proteins for shorter time periads. When encapsufated antibodias remain in the hady for a long time, they may
denatcrs of augegate as A result of exposura to moisture et 37°C, resviting in a loss of biological activify and

possible shanges in immuroenicity. Rational stategies can ha devized for siabilization depending on the machanism

invalved. For example, if the aggregation mechanism iz dis i to be i lecufar $-§ hond ian through
thic-disulfide interchange, stabilization may be achieved by medifying suftwdryl residues, lyoplolizing from acidic
salutians, controlling moistora comtent, using appropriate addiiives, and developing spacitic polymer matrix
eompositions.

An effective amaon of an sntibady of the present invention o be employed therapeutically will depend. for
example, apon the therapeutic objectives, the route of administration, and the condition of the patlent. Accardingly, it
will be necessary For tha therapist to titer the dosage and modify the routs of agmimstration as requirsd to glizin the
optimal therapeutic effect. A typical daily dessge might renge fram about 1 g/kg to up 1e 100 malkg or mere,
depanding an the factors mentioned atiave. Typizally, the clinician will admicister a malecule of the present invention
until 2 dasaye is reached thai provides the required biological effect. The progress of this therspy is sasily monitored
by convenfional assays.

Ruiminsitation may he by any conventional route known in the art inchiding, without fimitiatien, travenous,
subcutaneous, tapical, inframuscular, intratsacheal, intracerehral, intranasal, nirapuimonary, and intraparyncal
admimistration.

4. Gene theragy

The nueleic acid encoding the antibodies of the present invention may alsa be used in gene therapy of various

Ichranic) newrodegenerative disorders and acite nerve call infurios, aspeciafly penstically acquired periphersl

hiss. Twio hasic f

ta gane therapy hava evalved: sx wis gene therapy and /7 vive genn therapy. In

ex wive gene therapy, cells are¢ remaved fram 2 subject and cuitured /@ wire. A functienal replacement gane is
Introduced into the cells i witro, the modified cells are expanded in colture, and then reimplanted in the subject. [n i
vivg gene thorapy, the target calls are not removed fram the subject. Rather, the transfemed pene 35 introduced mta
eslls of 1he racipient i 5, that is, within the recipient. '

Several ox wiwe gene therapy stediss i humanz have been reparted and are reviewsd, ior example, in
Anderson, Science 258-808-813 {1892), and Miller, Mature 367-455-460 (19821

The viability of 42 vive gane therapy has been dermanstrated in several animel models, as reviswed in Falgnar
st af, Nature 348:351-352 {19¢1]. Direct gans transfer has keen reported, for example, inte muscle tissue (Ferry et
al, Proc Natl, Acad. Sci, 88:3377-8781 (19911; Quantin #f 2/, Proc. Natl. Acad. Sef. USA 88:7631-2584 [19927}; the
arterial wall (Nabel &f af, Seignce 244:1342.1344 [1289]); and the nervous system (Price et &/, Proc. Natl, Acad. Sci.
84:106-160 [1987).

Accordingly, the present inventian alsa provides delivery vehicles suitable for delivery of a polynuclestide

encading an agooist anti-trkC antidedy into cells iwhether /z wva ov ex wva). Generally, a palynucteatide encading an
-39-
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antibody fe.g. linear antihedy or antihedy chains] will be operably linksd to a promoter and & hsterclugous
polynuclactide. Delvery vehicles suitehle for incorporation of a pelynuclentide encoding an antibedy af the present
inention for intreduction into a hogt cell include non-viral vehicles and wiral vectors. Yemna snd Somia, Neture
388:239-242 (1857).

A wide variaty of nog-viral vehicles for delivery of a palynuclsatida encoding an antibedy of the present
invenifan are known in the art and are ercompassed in the present invention. A polynuelentide enceding an ami-tkC
antivedy can be delivered to a cell as nzked DNA {U.S. Patent Mo. 5,682,622; W0 97j40163). Alternatively, a
polynizleatide encading an anti-trkG antibody herein can bie delivered to a cell asseciated in a variety of ways with a
variety of substances [forms ut dolivery] including. bt rot litited e cationic fipids; biocompatible polymers, including
natural polymers and synthetic polymars; Upopsotens; palyneptides; polysaccharides; lipopolysaccharides; artificial
virel envelopes; metal perticles: and hacteria. A delivery vebicle can be a microparticle. Mixtures or conjugates of

these various substances can also be used as delivery vehicles, A pulynecleetide encading an antfbody herein can be

jated | [enthy ar lently with thase various fams of dalivary. Liposomes can be targeted to a
particolar cell type, e.q., to 8 glomerdlar epithelial cell

Viral vectars include, bui are nat limited to, ONA viral vectars such as thosa hased on adenoviruses, herpes

simplex virus, pexviruzes such as yaceinia vins, and parvoviruges, including adeno-assaciated virus; and RNA viral

veCtars, including, but not limited to, the retroviral vectors. Refiaviral vectors inglede muring (eulettia virus, and

lentiviruses such as human immunndeficigney virus. Maldini ef 27, Science 772:263-267 (1896).

Nen-viral delivery vehicles comprising a polynuceciide encoding an anti-trk[: antibady can be intraduced into

host cells sndfor target cells by any method known in the ant, such as transfection by the calcium phosphate

coprecipitation  gghnfque;  glectroporation;  elac ilization;  liposome-mediated feciion;  hallistic
transfaction: hioistie processes including microparticts bombardment, jet injection, and needla and syringe injection; or
by micrainjection. Mumerous metheds of transfection are known 1o the skilled warker in the field.

Viral defivery vehiclez can be intraduced inta cells by infectinn.  Altematively, viral vehicles can be
incorparated inta any of the non-virel delivery vehicles described sbove for defivery inta calls. For expmple, viral
vetlors can be mixet with cationig lipids (Hodgsen and Salaiman, Nature Biatechnol. 14:338-342 [189€]); ar lamellar
liposecmes (Wilson ef &/, Prog. Natl, Acad. Sci, USA 74:3471 [1877]; and Faller ¢ 2 ). Yirol. 45:26% [1984)).

n & preferred embodiment, nucleir soid ancoding bath the beavy and the light chains finctuding fragments} of
an anti-trkC andibody of the present invention will be present in $he same polycistronic exprassion vector, such as
those disclosed in LLS. Patant Mos, 4,955,796 and 4,713,339, Polyristronic gxprassion vectors coniain sequences
coding for & secondary profein and a desired protsin, wherein bath the desired and secondary sequences ars gaverned
by the same pramoter. The coding sequences ave separated by translational stop and start signal codons. The
expression of the secandary sequence effects cantral aver the exgression af the sequsnze for the desired protein, and

{he sacondary protain functions as a marker far selection of transtected calls.

0=
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In i viva gene therapy, the vectar may ha administerad to the recipisnt. for example, by intravenous {i.v.}
injction. Suiiable titers will depend on a variety of factors, such as tha particuler vertor chosen, the host, strength of

promoter used, and the saverity of the disease being treated.

The invention will be further flustrated by the fallowing nan-limiting examples.

EXAMPLES
Example | Proguction and characterizagion ¢f ggonist anti-trkG monaclonal antibodies

Froduction amd fsatyping of Antibodies

Wild type BzI5IC mice and transganie mics progucing human 162 or InG4 [Xenomice, described in Mendez of
al, Naivrs Gepsiics 15: 146-156 11997) were hyperimmonized either inteaperitoneally, via rear footpad, ar
subcutaneously with 20 pig of human trkC-1gG {Shalton sf af, . Mewrosci 18: 477-081 [1995]) in either Frigund's ar
Ribi adjuvant as described in Mendez et ). {sup). Spleen cells from the immune mice vwere fused with myslema cells
[X63.Ag8.653, ATCC Rackuille, MD], A total of 33 fusions were parformed using 253 Xenomice and 38 wild type
Balb/C mice. Plates {21,734 wells total) wero initially screenad by divect ELISA using trkE-lgG, The ELIZA screen
ident(fied 684 trkG positive hybridomas, all of which were then evaluated for aganist activity in trkC KIRA (Kinase
activated Receptor Assay). The KIRA identified 14 Xenomausa derived and 22 wild typs Balb/C mice derived
liybridomes secreting ami-trkC agenist entihodies. These hybridomas were subcioned by limiting dilutien, reassayed 1o
confirm agonist activity, and were used 1a induce aseitss by injecting inte Pristane-primed Balb/C ar nure mice {Hangn
af 2, Hybridema 1% Z63-260 [1925)\, The monuclonal anfiilies presant in ascitas were porifiad by Protain A
affinity chromatography {Honga ef al. sugrab. Specific fusion eHiciency Gumber of positives | number of wells
screenad) was 3% for both the Xenomouse and wild type Balb/G mause fusioas. The inciderce af agonist manostenal
antibadies {agonists | number af trkC ELISA pasitives) wazs 3% and 8% for the Xenomouse and wid 1ype BalbiG mouse

{usions, raspectivaly. Isotypas of tha murine mancclonal entibodies were determined using either GIBCO BRI dipstick

of Zymed mause-tyger isetyping kit, fallowing suppliers instructions. The Xenamice wera cither IgG, ot lgG, strain,

producing cary fing isotypes of antibodies. Tehle i shows isotypes of various humen and muring antifrkG

mongclonzl anthodies. A total 6f 8 human IgG;, 6 human lgG,, 7 murine lg6;, 10 muring 9G,, and & murine 1gGy,
manoclonal antibodies were identified. The monocional antibadies with the mast potent agordst activity (depicted by

asterisk in Table 2), as determined hy KIRA assay, were sglected for in-depth characterization,

Tabte 2
Human Mafs (1 Total

16, Isotype {3 Mabs) lgG, Isotype {6 Mabs)

2817 - 43
41-
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6.1.2% 2337
g4 2338
2342 2338
2343 2348
2344 2348
306"
7348

Murins Mabs {22 Tutal

g6, Ig6;, g6y  lgG,
a am &

7243 248 2252
2280 2272 3273
2283* 2281 2277
2264 2285 2279
272667 2774 22RO

87 2295
2260 2275
2278
2281
2282

Datgraiimirtion af Agapist Activity

a. KiFf4 Assey

Twao hivassays were used to determine N7-3 agonist activity af antirkC monoclonal aniibedies, The Kinase
activeied rapeptor assay (KIRA) which has heen discussed in greater detail hereinzhove, measures tyrozine
phasphorylation: of kG in transfected cells in respunsa to stimufation with a ligand, such ag NT-3, or agonist
menaclnal antibodies (Sadick & &/, £ro. Cakl Bss. 734: 354-381 [1997]). The maraclonal anlibedies were diluted te
27 pgiml in KIRA stimulation buffer F{2fDMEM 50:50 containing 2% buvine serum elbumit (BS34; Intergen Co.,
Purchase, [6Y) and 26 mM Hepes, 0.2 pm fitered). The monoclenal entibodies were further diluted sertally 1:3 {8
dilustions total: concentrations ranging fram 0.01-180 W) in stimulation medium. Chinase Hamster Ovary {CHO} cells
stably transtected with trkC fesed with 2 26 emina acid polvpeptide flag epitepe derived from HSY glycopratein D (gD
were seeded (5 x 10* cellshvell] and grown in 86-well cell culturs plates, The cells wars then stimulated with either
NT-3 (as a pogitive contral) ar varioos antitrkC manaclonal antibodies, using serial dilutians of 0.%; 1.66; 3.13. 6.25;
12.8; 25; 50 and 100 nghol. All dilutions wera assayed in duplizate fer § hours, The 2ssay was carried out essentially
a5 dsscrived jo Sadick of 2 {supra). Briefiy, cells wera lysed using Tritsn X-100 and trkC prosent in lysets captured in
ELISA using anthedies against the gil epitope and phospharylated i detected and guantitated wsing anti-
phosphotyrasing amtibodies suitably conjugated with enzyme. & monoclanal antibody not directed against trkC {anti-1l8

IgB, Xenomaus-derived human antibody or antign120 IgG; murine monoclenal antibady) wes used as & negative
A2
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centrol, As shown in Figure 1 {4 and B), alt the selected anti-eleC manoelonal antibadies cauld mimic the activity of
WT-3 inasmuch as they could stimulate tyrasing phosphorylation of kG weeptor. The human antt-trkG mansclonal
antibodies [Fig. 14 shawed morz potent agonistic activity than the murine antk-irkC moroclonal antibadies (Fig. 1B).
For example, the hast human antitrkC monadonal antibody is 10-fold more otent than the best murine anti-irkD
monoglonal antibody. Furthermore, the human menoclenals wers nearly as sfficient as MT-3 especlally in the lawer

range of concentration.

b. PELI2 meunte awtgrowth assay

Bnother assay used to deterrmine NT-3 eimatic actiuity of anti-trkC monaclonal antihadies was PC12 naurite
putgrowth assay. This assay measures the outgrawth of newrite processes by rat pheacytochroma calle (FE12) in
Tespanse 1o stimulation by apprapriate kgands. These cells express endogenous trkA and are therefote responsive te
NGF. However, they do not exprass endogencus trkC and are therefore fransfeeted with trkC exprassion congiruct in
order o elicit response ta NT-3 and its agonists. PG12 cells were transfected (Urfer of of, iockem. 36:4775-4721
[1397]; Tsoultes gt &f, Alevron 10:975-990 [1383) with fulllength human wkC and plated in 96-well cell culture
plaies (1000 cellsfwiell). Three days fallawing fection, anti-fk lonal entihadies ware added in triplicate

[roncentration ranging from 00002 te 2.7 n\) and incubated for an adéitienal 3 days at 37°C. The calls were then
analyzed by phase conirast micrasenpy and cells with naurites exeseding 7 times the dizmetar of the call wera
counted. The human as well ag the murine ant-trkC moneelonal anitbodies ceuld stimulate neurite cugrowth Jn PG12
cells as shown in Fig. 1 € and 0. The human anti-trkC manacional antibodies (Fig. 1G) exhibited far mare potent
activity than the marine anti-skC moneclanal antibodies (Fig. 10} thus ceriohayating the results obtained in the KIRA
assay. Furthermore, consistent with the KIRA assay results, the human anti-irkC monoelonal antibedies showed
raughly similar stimulation as obtained with NT-3. The results ohtained with the two bioassays described above
demanstrate the ahility of snti-trkC monaclanal antibodies 0 mimic the ackivity of MT-3, the natural ligand of trkC
racsptor.

Agonist activity of the monocional entibodies was ranked avcording to maximum induction af tyrosine
phosphorylation and calevlzied EC50 of the phespharylation cures in the KIRA assay and PG1Z newite cutprawth

agsay. Table 3 summarizes characteristics of various antitrkC agonist menoclonal antibodies.

Tahle 3
[T fsotype | Agamist Activity Binds Immunohlot Aftinity
HIRAJPC12 Rat trki: NRfRed. Kd (nk)
Kuman MAbs (3] Red.
[ 251 62 [+etle++) ND ++ -+ 12
6.1.2 7 | (Frtaleras) ND + + 125 |
43
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8.4.1 G_Eiﬁ [+ +++)+i++) YES [+ + [ 2
[z G2 | vealresl NO - . \ 9
2345 G2 [+++4[++++) NO "+ + 4 1 12.1
] ] (44 rfess+] ND -+ + 73
HMurine Mibs -
2243 [0 {+1+] [ [22r - 58
2280 61 {++i++4] [T 4 o 37
T aumd [T [+ 4] [T . | 42
2258 51 j {+i+] YES 4+ - [ 52

Towting Spectficity af snti-ikC aotibodies

The specificity of anti-trkC monoclonal antibadios was tested using direct ELISA. The microfiter plates were
coated averight with immunoadhesin construct of the recaptor wkA-0G, ckB-lgG or tkG-16 as capture antigens
(descrihed in Shelton ef al, J Hewrgsel 18: 477481 [1685]) using 100 11l of 1 pgimt solutien dified in 50 mkA
carhonate buffer, pH 8.5. ED4-l9f [Capon 2t af, Matere 337: 526-631 [1983)} was vsed in place of capture antigen as
a rogative cantrol, The coated plates were incubated for 1 br at room temperature with various concentration of anti-
k. momoelenal antibodies (100 pd af 0.07 to 1 pginll diluted in PBS eontaining 0.6% BSA and 0.05% Tween 20.
After washing to remove excess upbound antibodies, appropriate HRF conjugate (human monoclanal antibadies: goat
anti-human x-HRP, 1:3000 diluted; murine monodonal artibodies: goat anti-mouse 1g@ (FeMHRP, 1:5000 diluted) was
added and incubated for 1 br at room temperature. The plates were then washed, devaloped ard reail 25 previously
described [Hongo ef &/, Hydidoma 14: 253-280 [1995)). Figure 2 shows a representative examplz using 2 human anti-
1kC monoclona! antibody 6.1.2, The binding was highly syeeific to trkC, and o9 significant cross-reaction was
observed with either trka or trkB. Simitarly, ather humant and mouse anti-tikC monoclonal aotibodies showed spacific
racognition of trk[.

The binding of varisus anti-trkC agonist monoclonal antibodies to human trkC and rat kD was sompared
using a direct ELISA essentizlly es described above except the capture antigen used for human kG was trk(-gD
instead of trkE-1p5. Results shown in Figure 3 indicate that amang buman anti-trkC menoclonat antibedies, only 8.4,
significantly recogrized rat trikC, rest were specitic for kuman triC. Similarly, among mwrine manoclonal antibedies,

anly 2256 recognized rat tkG to a signiticant extent while athers showed specific recagnitian of human trkG anly.

Atfioity stutios

Aftinities of antirkG agenist monacfanal antibodies were detennined using using 8fAcore-2000™ surface
plasmen resonance {SPR) system (BlAcore, Inc., Piscataway, N.l). CMS hissensor chips were activated with N-athyl-
N (3-dimet innprapyf-carhodiimide by ide (FAC) and N-hydroxysuccinimide {NHS} ding 10 the

suppliar’s instiuctions. In the first series of binding sxperiments. the antigen, gB-tapged kG, was iiluted into 10 mi

sodium scetate buffer ipH 4.8), and injected avar the activated chip ai a coneeniration of 0.03 mgiml. Using variahle

44
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sxposure times, four ranges of antigen density wers achieved: 14,000-17,000 response unitz {RU), 7000-5000C RU,
2000-3000 RU, and 400-600 RU. The ehip was bloclked with ethanolamine.

In the first series of kinatic measursments, anti-irkC antibodies (lgG's) were diluted inta running buifer {PBS cantaining
0.05% Fween-20 and 0.01% sodium azide) and 0.03 ml. {667 nid) was injected over the biasensor chip at 26°C at & flow rate
of 0.01 mlimin. Regsnesation was achieved with a 30 sec puise of 10 mbd HCI, followed by a 1 min pulse of 100 mivt Tris-HCI,
pH 2.0 and twa wash staps. .

In a secend series of experiments, the (gG's (0.1 myfmL T 30 mM sodium acstate, pH 4.8) were immabllized as
describedl above, except thai antibody densiiy was inited to 1000-2000 RU. Two-fald serial dilutions of gD-trkG in the range of
3.7 M ta 29 nM were then injected over the hiosensar chip for kinetice measwraments as described ebove.

Tha dissaciatien phaze of #ach kinetic curve wera fit to a single exponential dissociation rate (kffl and
these rates wete used in the calewlation of the asseciation rate [kgy) from the injection phase, using a simple 1,1
Langmulr binding model {Lofas % Jafnssan, 1930).

Equilibrium dissociation constanis, Kg's, from SPR sasuraments were caleulated as the tatio kojtikgn.

The affinities of antitcki; antibadies for gO-tekC were measured in SPR kinetics experiments with _ew'ﬂler
antigen or antibody immabilized. Apparent afinities determined from experiments using low densities of immabilized
antigen {0.4 to 0.6 ngfmm2), wers genarally consistent with thoss datermined in experiments using fomobitized IgG
(3eq Talle 2). However, at higher densities of immahilized gD-trkC, the apparent binding aifinity of each antibody
hesame progressively tighter by Faciers of as much &3 10 fold, prebakly because of an avitity effect of bindino by the
bivalent Ig6 (data not shawa). In spme cases, no binding could be detected when trkC was injected over immabilized
Ig6. This may have scourred becauss mmabilization of the 1aG led to sterlc Hocking of the smigen binding site. Under
all canditions testes, the antibody 2248 had the highest apparent aifiity (K= 5.6 to 8.5 nM of all antibodies tested.
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Tahle 4

Binding affinities determined by SPR. Results are shawn for lg6°s binding te immobilized pD-rkC (400-600 RUY and
for gD-tekC binding to immabitized 106°5 (1000-3000 RUY). NOB= no detectabie binding.

K, (M)

Antihady (lg6) Immobllized gDkl Immohilizad 106G
2248 5.8 85
2750 8.7 8
2253 42 51
2155 §2 300
2344 19 [T
2345 12 DB
2143 3 DB
8.4.1 12 28
6.1.2 13 18
261 12 s

Camgetition FLISA

A competition ELISA was used to get preliminary information ahaut varigus graups fo which these antibodies
helong dapending on the epitopels) on tkC they tecognize. In this agsay, tkC-gD (T pgiml) was vsed as a capture
antigan to coat mictotiter plate. A spoacific batinylated anti-rkC monoctonal antibady {1 pyiml) was addad to the
coated plate efiher alona er in presence of another anti-irkC menoclonal antibody ihat was vnlabeled and used in
excass (50 ug/mi) as compared to the fabeled antibody. If biotinylated antibody and unfahslad antibosdy both recognize
the same or ovelapping epitope, they will compete for hinding to the immobilized trkC, rasulting in decreased binding
of the labeled antibody. If they recognize different and non-gverlapping epitupes, thers will be ne competition hetween
them, and the hinding of the labeled antibody to the immabilized trkC will not be affected. Unlabeled hurman IgG2 and
mouse 1gG were used as negative control. A representative data in Figure 4 shaws that all anti-trkC manocional
antivodies, except nuring anti-rkG 2258 monoclonsl antibody, compete with fahgled human antitkC 612
menaclonal antibody for binding to the immobilized tekC, suggesting that muring 2248 antibody recognizes an epitope
on trkC that is different fram ihe epitopels! recognized by &0 ather anti-trkC antitrdies.
It is interesting to note that when untabeled murine monaslonal antibedy 2244 is bound first to immebilized trkC, nona

of the vther Ibietinglated) antibadies can access their hinding site. suppeting that aven though the epitopes are
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distinct, steric hinderance may play 2 rols.  Such pairwize comparizon gives valusble information and hefps in
tlassifying anfibodies diracted against the same antigen intn diffevent groups based on epitape recognition. A summary
of such comparison is shawn in Fiqure 5. The resalis indicate that the antibedies can be divided fife fwo

digtinct groups: Group 1 sncampasses ali menoclonaf artibadies except 2248, whereas Group 2 1s composed of 2248,

Epitape Mapping with Dunsin Swap Mutants

Further epitape mapping wes performed utifizing chimeric 1rkC in which various damains were replaced with
corresponding damaing from trki or ttkB, This approach wes made possinie by the fact that anti-trki; antibodies do
fot significantly cress-react with trkA or trkB. The use of such domein-swap mutants has a distinei advantage ower
deletion mutants. The deletion of a domain might distupt the secondary structure of protein whereas substitution of a
domain with a comesponding domain, of similar size and substenlially similar amine peid saquence, from a relatet
pratein in domain-swap mutants is likely to retain the secandary structure. The extracellolar domain of trk receplors is
composed of 5 demains s shown in Figure BA. D1 and D3 are cysteinerich domains, D2 is a leucine-rich damain, and
4 and D4 are immunaglobulin-like domains. Domain-swap motants of trkG containing replacement of D1, D4 and D&
with the corrasponding demains fram kB ar trkA were made {Urfer et of, ZMB8 J. 14:2795-2805 [1895)). Wild type
tekD and wild type trkA wors used as posiliva and negative cantrols raspectivaly. The domain-swap mutants of kG
are designated according ¢o the source af the replaced domain. For axample, s1B has DT domain from trkB, $48 has
D4 domain from trkB, s5B has D5 domain fram kB, and s&A has D5 domain fram trkA. Al of the mutants were
pxpressed as immunoadlesin, i.e. fused ta 1gG, and parified.

The binding of each of thz agonist anti-trkC monoclona! antibody to various domain-swep mutams was
evaluated by ELISA, Flab'l, fragment froro goat anti-human [gG was used for coating micratiter plates to capture
serial dilutions [100 pgiml t2 2.4 ngiml, 180 phiell, ome hour ¢ raam temparature) of immunoadhesing {whC-lgG,
tikA-IgG and domain-sveap soutants of trkC as immunoadhesin). Fither unlabeled hurnan or biatinylatad murine ani-rkC
monoclenal antibedies were addsd (100 . per well; § pgimi, oo four at room temperature] to the plates containing
immobilizad immunoadhesing, washed to remove unbaund excess reagents, and incubated with goat anti-human « or
streptavidin conjugated to HRP. As shown in Figure BB, all human anti-trkG monoclonal zntibodies were ahle ta
recagnize kG domain-swap mutants wish replacemen of damain D1 or D4. However, replacement of dormain D5 with
the carrespanding domain derived from sither trkB or trkA destrayed recogrizion by anti-tikC antibodies. The extent of
hinding was reducad to the same low level a3 that obssrved with a nepative contral, trkA, Tha results suggest thar al!
the human ant-trk manoclanal antibodias 1ested recagnize an apitupa laczted somewvars in domain DG.

Similar analysis was performed with merine anti-trkC monoclonal entibodies essentially ihe same way axcept
the secontary antibody used was goat anti-mouse lg& Fc coupled ta HRP. As with the human anti-tkG antibodies, the
replacement of domain D8 abafished binding fa 2l tha murine anti-1rkC monoclonal antibodies tested (Figure BB}

additionally, the replacement of domain 04 also destroved ihe binding of 2248 murine antkukG antibody. The human
_47-
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as well 25 wwrine amtirkE aganist manocional anthodies alf seem o reeepnize ar epitepe in domain B with the
exception of 2248 murine antibody, which sesms 1o additionally recognize a detstminant in domain 4. 1t appears thar
2245 eitoge may ba a linear epifope cverlayping the heundary of domain 4 and 5. Alternatively, 2248 anttody might
recognize a secendary structurs formed by discantiguous epitope with datarminants derivad from both domain 4 and
dumain 5. Interestingly, Urfer et a4 |J. Biol Chem. 273: 5829-5840 [1398]) have earlier established the

promirent rale of domain & in &k receptor for mediating the interaction with NT-3. Surgrisingly, the antibodies
described herein alsa bind to an spitope of trkC which is largely averiapping with that recognized by NT-3. This is
surprising hacause of ths relative sizes and shapes of NT-3 and immunoglobulin motecules. The Jikely made of actian
of thasa aettvaters is ta crosslink the extracellular demains of two trkC molecules in such a way te fring fogetier their
ntracellular tyrosine kinase damaing and cross phospharylate and activate thap.

In homodimeric MT-3, it has been established that the twu areas of the molecule which interact with trkC are
diametrically apposed nn pppusite sides of the molacule, 180 depress apart from each other. The distance between
theze arzax is on the arder of 16 A. On she other hand, the twe 1kT interaciing sites in the immunoglobulin moleenles
described here are nat diamatrically opposed. In addition te displaying the trk€ binding domains at a different angle:
than NT-3, immunoglobuling will have the tkC bindno domains separated from gach other by a much wider distance
than they are in NT-3. This will vary with the exact anglo of the twa Fab domains, hut is in the range of 50 A0 150
A, It would have been diffieUlt to have fareseen that two such very different crosslinkers as NT-3 and the agonist

Wahs act as agonists when bound o the same site o trkC.

Site-Directod Mulagenesis

Site-directed mutagenesis approach was used to determine the contribotion of selested individual arine acic
residues of damain 5 in the recognition by sntitrk( antibodies. Figure 7 shows the aming acid sequence of human frkC
demains 4 and 5. All dotted residues wers mutagenizad te alanite except residues 1284, L286 and E287 which were
changed ta E, H, and X respactively {Urfer er 2t, /. Biof Chem. 273: 5829-5840 {18981). A total of 28 single sming
acid mutations were made and evaluated for their effeet on binding to anti-ukC monoclonal antibodies. The values
shown in Tabla 5 represent the ratio of binding ta anti-trkC entibody of motant vs wildtyps irkC. Jn onder to minimize
variation and provide effective comparison, EGB0 values were detennined for each muiant for each aniibody and

Sividad by the EC50 value obraied whth wldtype tAcC.

Table &

NT3* | 250 [ £1.2 | 641 [ 2344 | 23aw | 2348 [ 2248 | 2250 | 2252 | 2256 | 143%

% oy e =1
(=]
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1236E [ 11 [ wB | we | Tme [ w8 [we [ 07 [ 08 [orT ti a8
Regap | 16 [ 10 | 12 | B4 1.0 ] 0o [ og | 28 | o9 [ 0.4
izRBH | 12 | D6 | 137 09 [ 06 | 06 | 06 | 04 | 04 | 06 | 06
E287K | 23 | WB | WB ME | NB | NB | 06 | 08 | 07 | 07 | 06
E200a | 10 ' = SR ’ j ; K ; !
R2058 | 11.6 ; | FIRE ' .
03094 | 1.0 i i 2 Lk - 3 i ] -
R31za | 08 | T [ i : il : R :
k3158 | 08 | ° R : % R i
H318A | 10 [ 08 | 14 | b7 |08 [ 38 | 87 | 10 | 10_| 08
CE308 | 10 | & T H ‘. ; ; 1 i ;

E324a | 12 E Gl ! ! 4 i

E3204 | 1.0 i . : B i ] E

NI36A | 375 | MB | NB : 03 . MR | MB | 15 | GE | 05 | 0§

k336a | 0a [ e ; ! I - i H

Ta38A | 303 [ ¥ ‘. i i g : 5 K :

H3aaA | 17 P i | L a - 1L i
K308 | 140 | 3 N : 1] ] : h c
03588 | 1.2 j ! & : i : ] 1o
Kk3aEA | 09 [ ] ‘ : ; i

B4 | 12 | ¢ | & : i H s ;

Da7ea | 12 s E 4 I i i i i
E373A | 1.1 T H b a h ] = i

The gray areas indicate that the designated mutants did not have an initial effect an monoclonal antibody
binding, and were thereforg nat re-assayed. Mutations that campletaly obfiterated monaclenal anthody binding are
shavwn as NB {"no binding ohaarved"”]. The analysis indicates the major contrihution of amino acid residues L2854, E287
and N335 of kG in recogrition by anti-trkC aganist menaclmal antibodies tesfed. A madel of the complex of wkE
damain § with NT3 shows the position of these resifues in close eontact with CDRs of antibody [Figure &), This
modal is based on the crustal structarm of the comple of trké domain B wih WGF, Far further datails see, e.0. Urfer o
st J. Bial Char. (1898}, sugra, or Uktsch ef o, J. Mol Blol. 230:148-153 (1889).

Lloning end Segvencing of Antibody Variable Fagions

In arder {o beiter undesstand the molecular basis of interaction betwaen trkC and anti-tkC mancclonal
antibndiss, the heavy and light chain variabls sequences af egonist antibodies were cloned and ONA sequence
datermingd. Tatal RNA was isolated from hybridoma cells producing the buman and nuring anti-irkC antibodies osing
RMNA isolation kit fram Stratagens {La Jalla, C&). RNA was reverse transeribed into cONA vsing SuperScript Il system
{Lite Technalagies, Inc., Gaithershury, MCS and specific 3' primars basad on {ramewsrk 4 sequences derivad from the
respestive heavy or light chain subgroup (Kabat and Wy, J Jaseedl 147 17091713 [1999)). Subsequent PCR
amplitication was performed using AmpliTaq ONA palymerase (Perkin Elmer, Faster City, LAl in presence of 25 M
DMS0 with specific Forward primars baged on the N-terminal arino acid sequences of heavy and light chaing and tha

same 3' primers usad far cONA synthasis. PGR products were subclonsd into an F{ah)', vector containing beth human
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heavy and light thain constant regivng (Caiter er a6, i/ Teetasfogy 10: 163-167 [1897Y). Fiva clones each of the ¥,
ant ¥, domains were sequenced and a consensus sequence was ohtained.

Figure  shows the deduced eming zcid saquances of heavy chain of anti-trkC agonist manoclanal antibodies
(2260, SEQ D NG: 42; 2253, SEQ 10 NO: 43; 2256, SED 1D N0: 44; 6.1.2, SEO 1D MD: 45; 6.4.1, SEQ 1D #0: 48;
7348, SEN 1D ND: 47; and 2349, SEQ [0 NO: 481, The deduced aming acid sequences of fight chain of anti-orkC
agenist meastlonal antibodies are shown in Figure 10 (2260, SEQ 1D ND: 48; 2263, SEQ (D WAQ: 0: 2256, SEQ 1D KD:
51; 6,1,2, SF0 1D MD: §3; 6.4.1, SEQ D MO 53; 2345, SEO 10 NO: 64; and 2349, SEQ ID NA: 55]. In bath Figure &
and Figura 10 the Complementarity Determining Regions (CORs) are laheled a3 GOR1, CDR2 and COR3, and the
carresponding aming acid residugs are shown in bold face. Figure 11 summarizes the sequences of CORs of heavy
chain as well as Eght chain of various antirkC manecional antidadies along with designation uf respectiva heavy and
light chain variable family ta which they belong.

Based on tha determingd aming acid sequences of the CDRs of the hieavy and light chains of the anti-tckG
aganisi monodonal antibodies, it Is possible to provide a general farmola for several of these regions. For the murine
antihodies, the heavy chain COR1 may be represented by the farmula XaaWXzaXag\WVK (SEQ (D ND:37), wherein Xza
at position 1is F or Y, Xaa at position 3is | or M and Xaa at position 4 is E or H. The murine heavy chain COR2 may
be regresented by the farmeta EIXaaPXaaXaaXaaxaaTNYMEKFK Xaza (SEQ 1D MO;38], wherein Xaa at position 3 is L or
Y, Xaa at position § iz G or S, Xaa at position & is § ar M, Xoa at positian 7 is D or G, Xaa at position & is K ar R end
Xea gt pogition 37 is G ar 5. The murine heavy thain GDR3 may be repragented by the formula KNRNYYGRYW! (SEQ
1D ND:12) or XYYYGNSYRSWYFDY [SEQ ID NO:13L  Far the human antiboies, the heawy ehain CORT may be
reprasented by the formula XaaXaaXaa¥YWXaa (SEQ ID WO0:33), wherein Xaa at pesitian 1is S or |. Xza 2t position 2
is G or § and Xaa &t position 3 is G, T or ¥ and Xaa at positien 7 is § ot N The human hgavy chain CDR2 may be
reprasented by the formula XaaltaaXaaSGSXaaTxaaNPSLKS {SEQ D ND:40), wherein Xaa at position Tis ¥ ar B,
Xaa at position 3is ¥ ur F, Xaa at position 4 is ¥ or T, Xaa ar position 8 is S or R and Xaa at pasition 10is N orY. The
human heavy chain CORJ may bs represented by DROYDSTGNYYSYYGMOY (SEQ 1D NO:14), DGGYSKPFD (SEQ D
NO: 15 or the formula ERIAAARXaaDYYYRGLXaay (SEQ ID KO:41} wherain Xaz at position B is A or T and Xaa at
pasition 16is D or A,

The dedused amine acid sequence of heavy and light chain variable regiors was confirmad by determingtion
of M-terminal peptide sequence of these antitodies. Electroblotting onto Millipors Immailon-PSQ membranes was
carried nuf for 1 fr 8t 260 mé constant current in & BioRad Trans-Blot transier cell {Matsudaira. J. Siof Chewn. 262:
1083510038 [1887)). The PYDF membrane was stainad with 0.1% Coomassfe Blua R-250 in 50% methanal, 0.6 min.
and dastained for 2.3 min. with 10% acetic acid in 50% methanal. The mebrans was thoreughly washed with veater
and alloweed te dry Defore storage et 20°G. Autonated protein sequencing was performed on modal 4844 Porkin-Elmer
sequercer [Perkin-Elmer Carparation, Foster City, CA} equipped with onlina PTH analyzer. Pratein electroblotted anta
PYDF membrane were sequenced in & mm micro glass cartridge. Peaks were integratsd with Jusfice Innovation

saftware using Melson Analytical 760 intesfaces. Sequence interpretafion was perfarmed on a DEE Alphe (Henzel e
-30-
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&f, J. Chromatography 404: 41-52 [1987)). Table 6 summarizes the classification of human and murine anit-irkC

agonist monacional antihedies based on thair N-terminal sequsnces.

Table 6
Buman anfi-trké aganist mAhs Keavy chain Light chain
6.1.2 ) Subgroup Il Kappa |
641 Subgroup Il Kappal
2345 Subgroup it Kappa lll
2348 Subgroup |l Kappa Il
25.1 Subgroup Il Keppa |
2344 Subgroup Il Kappa |
Murine anti-trkC agonist mAbs
2248 Subgroup N4 Kappa |
2250 Subjroup 1A Happa |
2253 Subgroug 114 Kappa IV
2266 Subgroup 114 Kappa 1)
Examyle 2 Eitect ot aganist anti-trkf monoclanal antibadiss on neuropathies in

experimental animal mads!

The: principa! use of NT-3 aganists is in the ireatment andfor grevention of peripheral neuropathies. It is
¥nawn that large fiber myelinated sensory newans, which are imsalved in medieting propriozaptien and vibratior: sense,
sapress trkD thet acts as & high affinty receptor for NT-3. Neuropathies involving these largs fikers are common in
diabetes and are also nducer in respense to certain chemotherapeutic apents parficulerly cisplatin and pyridoxina. NT-
3 has shown sfficacy in animal models of experimental diabetic newropzthy and cispletin induced neurapathy.
Rowever, the use of NT-3 is severely hampered iy s paor bivavallability as shown in a radent madel. The use of anti-
tkC manaclonal antibodies as agonist of ¥T-3 offers numerous advaniages and chviztes  numbaer of patemial
prablems assogiated with the use of NT-3.

The iz wive halfdife of agonisi anth-trk monocfonal antbodies was determined by injecting either
intravanously or subcutanenosly in experiental animalz. Shewn on Figure 12 are senum levels of monoclonal amtibody
22686 at various imes after infravenous 1Y) injeetion of 1 mafkg or subcuteneous {subl) injection of S mylkg n vats.
The seyum levels were determined b using the KIRA assay fo measura the amount of fully functiana) antibudy 2256 by
its ability te increase tyrosing autophosphardation of trkC . These data indicate fhat monoclonal antihady 2256 in the
taf has a half-dife of 9 days and a hicavailability of B9% after subcotaneous administration. These vales are
consistant with those obitained with other antibodies. end are distintly different from thos sbtained with NT3. Also

shawn in Figure 12 ia data obtained after injection of NT-3 2t ihe same doses and reutez as shown for Mab 2266 (1
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kg, ;& meiky subD), Thess data indicate @ sarum halflifa en the erder of 4-6 minates for NT-3, and &
stheotaneaus binavailzhility of 7%. These data indicate that the antibodies are a significant improvernent ovar NT-3 it
tarms of the very important praperties of bioavailability and iz vive serum half-fiie.

t has begn shawn in two animal modelz of larga fiber sensory nsuropathy that NT-3 can protect ar reverse
the effects of chemical insult. Very high dosas of NT3 have been shown ta protect lergs fiber sensory neurgns fron
the foxic effects of high duses of ppridaxine, and mare moderate doses of NT3 hava been shown to 1svarse the effacts
af cisplarium adménistration. Since there might be many differences in the tissue distribution of NT-3 and the agonist
Mahs describied hers, it iz important to detentring whether the /o witra activity of the Mabs translates into efficacy in
anima! madels.

tn order 10 ereate an animal madgd of cisplatinom induced nsuropathy, adult rats were dosed with cisplatinum
1wice @ wask far sixteen weeks with 1 my/kg intraperitoneally (IP). At this point, rats were split inta four groups. All
four groups continued receiving cisplatinum twice waekfy. In addition 1o the cartinued risplatinumm, one group received
NT-3 st 4 doss of Tmgfkg. hree times per waek, ona group received Mah 2256 at a dosa af % malkg once a week, one
mioup teceived Mah B.4.1 at a dose of T mylky ance 2 week, and one group reeeived seline three times & week. The
MT-3 doses were given subcuranenusly, while the Mabs and saline were administered V. This treatment regime was
contnuad fer an additional four weeks, for a total af twenty weeks of cisplatinum administratian.

The function af large fiter sensory neurons was assessad in these animals electtaphysiolopically, by use of
H-wave recording {Gan g2 &/, Ann. Mewrol. 38(1]:30-7 [1885]} As car ba seen from the data shown in Figore 13, the
sensory canductan velcity was very Tow in the animals treated with cisplaiinum with saling alone. NT-3 treatment

threa times 2 week caused an improverent of this lowrared welocity, as did with either Mab

2256 or Mah 6.4.1 once & week. The magnituds of the inprovemenr seen with the monaclonal antibadios used ance a
week was at least as great as that seen with three times a veeek treamant with NT-3,

Pyridoxine is alza known fo induce a sensary neuropathy that primanly damages the large myefinated
subpapulation of sensary neurans {Helpren & &/, 1. Neurosel. 17(1):372-82 {1987]). HKigh doses af NT3 have been
showen ta bloek the development of this neurnpathy (Helgren &7 &/, supra). Treatment of animals with two different
duses of pyeidaxing [either 400 pigikp ar 600 mgikp daily, IP] far twe weeks causes damage to the large nsurans of
the DRE. This damage can be detected by a decrease in the expression of saveral proteing knawn to be expressad
either preferantially or exclusively by lame reuranz in the DRG. The expression level of these markers was asseesed
by mezauring the leval of tha mRNA enceding tham by use of the TARMAN RT-PCR technique.

Togian BT-PCR for Wkl agonist effeets:

A Probes and Primers
NFL
F-CABCABAACARGETCOTEGAA 21MER (SED 1D ND: 72)

R-AGCBGGAAGGLTCTEAGTG 19MER (SEQ 1D KD: 73)
P-ABCTGTTAGTGCTGEGCCAGAA Z2ZMER {SEQ.ID WO: 74]

_52-
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NSE
F-TCCATTGAAGACCCATTCGAL 21MER (SEQ 1D MD. 75)
R-GCCGACATTGGCTGTGAAC 19/4ER {SEQ LD NO: 78)
P-AGGATRACTGGECAGCTTGETCCA 24MER  (SEQID NO. 77)
TRKG
F-CAGCCCACTGCAGCATATCA 20MER  (SED 1 NO: 78]
R-GTGTATCCGRCCCAGCAT 18MER  (SEQID NO: 79)
P-CGATGGCATCAGTACACCTTCATGGET 27MER (SEQ IO NO: 80}
CALRET
F-TGGBAARATTEAGATGECAGA 21MER  (SEQID NG: 81}
R-BETACCTGAAGCACAAAAGE 20MER {SEDD NA: 82}
P-CGCAGATCCTGCCAACCRAAGAGA  24MER (SEQID NO: 83)
PARVALE.
F.BACAGCAGTCTTCTGGARARTGE 23MER {SEQLID W0: 84}
R-TTGCCAAACCAACACCTACTA 21MER  [SEQ.ID NO: 85}
P-ATCOGACACCACCTGTAEGRAGGACE 26MER (SEN 1D NO: 86)
GAPDH
F-CAGTGECAAAGTGEAGATTGT 21IMER  {SEQLID NO: 67}
R-AATTTGCCGTGARTEGAGTC 20MER  (SEQ 1D NO: BB}

P-CEATCAACGAECCCTTCATTGACCTE Z6MER (SEM 1D NO; B8

Prahes and primers wore designet using Primer Fxpress. (ABI-Parkin-Eimer). Gyidelines for primer probe
selegtfon are included in Williams and Tucker [1999) PCR applications, pp. 366-75 [Acadamic Press).

8. Total RMA Preparation and Quantification

L4 and L5 wers dissected from phosphate butfered saline parfused rats. Lelt and right sides were isalated in
separate tubes. Far total RNA used in standard corves, all DRG wers dissected from contzof rais, Toial RNA was
isntated using the Qiagen Rneasy mim tolumns. Tissue was homagenized as per manufacturers iwstructians. Total ANA

wias quantified utiizing the Ribogreen Quantitaion Kit (Moleeular Prahes) and following the manufacturers instructions.

C. RT-PCR

Twenty five nanograms of 1ota! RNA was used per B0ul reaction, except in standard curvs reactions where
500, 250, 26 or 2.5 nenograms per raaction was used. Each reaction contalned 25 pmol af each afigonusleatide
primer, 0.2 mb af each diTP, 100 i flaurespently lahelled oligonucleutide probe, 1X RT-PCR buffer [PE bivsysterns),
2.0mM NnEIZ, 20 U RNAse inkihitor, 12.5 Mul¥ reverse transcriptase IRT. PE bivaystams] and 2.5U Amplitag Gold
palymerase (PE bigsystams). Reverse transcription was parfonined tor 30 min at 43 degrees C followed by 55 degrees
L: for 10 i $or Amplitan Gold activation and RT inactivation, then PGR; 40 cyeles of 95 degrees C for 15 sec and 60

degraes [ {ur ong and a half minutes.
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D. Geneg Expregsion Ouentitation

Cantrol RNA was used {0 generate standard curves for a houseleesping gene and 1he ganas of interest with
gach tagman ror. A standard curve was obtained by pintting the fhreshold eyele |Gt} valus obtainad from the Tagman
run versug the log of the quantity of control total RNA edded. The resuftant lineer equation was solved for the lag RNA
value. Plagging in the experimental Ct vale produced the fog of the experimental gene expression value. Ten raised ta
the pawver of this value gives the experimental gene expression in nancgrams.

Az con be seen from Figere 14, pyridoxing treatment for twa weeks resulted in 8 dose fependent decrease in
nevrofilament light chain INFL), veuren specific enolase (NSE), trkC, and caleefinin expression.  Both the dose
depentency ant magaitude of these decreases varies from marker to marker, indicating a differantial sensitivity of
these proteins as merkers of the neyropal damage.

In Figure 15 the results of tregting anfmals with two doses of Wab 2268 along with the low dose (300
mgikg daily) of pyridoxine are shawn. NEL and NSE show a significant decrease in expression at this lsval of
gyridexine treatiment. Gofreaiment of animals with § mgfkp of Mab 2266 {subll weekly) completely bocked this
decrease in expression. A Mab 2256 dose of 1 mglkp had na appreciable effect on the exprassion of thesa proteins.
ieither 1ckC nor calratinin expression [s significantly affected by this low dose pyridoxine freatment, but treatemtn
with 5 mglky Mah 2256 acivally increases tkE aXpression aver control (evel,

When animals are treated with the higher pyridoxioe dose of §00mpiky daily, the expressian af NFL, NSE and
calretinin fails to very low fevels, wiile ik expression falls to about 50% of control volues (Figure 16]. Cotreatmant
with Mab 2256 at either 1 mgiky or Smyfly significantly but not completely blacks the decrease in expressian seen in
kG and calrgtinin,  Thers 1§ a slight trend fowards protgction seen with NFL and NSE expression in animals meated
with Mab 2256, but it did net attain statistical stynicanca. Thws, vsing muliiple biochemies) merkars of damegs e
large sensory neurans, Makr 2266 is seen to be capable of ameliorating the toxisity of pyrddoxine treatment.

In srder to eyamine he elactrophysiolgical and behavioral effectz of pyridoxine neurapathy, rats were
treated with twice daily injections of 400mglkg pyridoxine for 8 days. The function of their large dfameter sensory
afferents ware tested electraphysiologically by recording the M-wave (direct motsr] and H-wave (reflex sensary}
response in the muscles of ihe fant after stimdation of the stiatic nerve at the thigh and the cafl (Gao 2f &, Aon.
Meurol. 38{10:30-7 [1995]). Treatinant with pyridoxine for 8 days resulted in a karge decrease in the amplitude of tﬁe
sensory response compated to the moter response as seen in Figure 18, Cotreaiment with Mab 2268 signifizantly
plocked the pyridoxine-inducad decraass in the sensary amplitude. This is similar to efferts published using very high
doses {20mglkyg daily} of NT3 Helgren of &, roara).

Animals treated with this regime of pyridoxine were also behavinrally tested for their proprinceptive function.
Thay were trained to walk across a horizonta! ladder in order to ascape a bright fight and white neiza stimufus into 3
dark box. The animals were videataped fram below, and the quality of the placement of their hindpaws on the rungs

of the ladder was raad by &n ohzarver blind to their treatment. Each paw placement was scared as a good placement
_54-
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Ipaw Jands an farward part of metatarsals, immediately behind toes, with toes wrapping the rung immediaialy), zolid
landing {paw hits other than immediately behing toes, but solidly on mung, toes often ot wrapping), near footfaul
Tpaws barely hits rung, sither on the extrema forward part of toas or rearward aspect of hee!, but daes suppert weight]
o faotfault {paw either misses rung entirsly or poar anough plzcement that foot does not support wekht and falls
through ladder upon weight hearing). Normal rats very quickly leam to place their hindpaws camrectly, which raquires
an excellent proprioceptive sense of where the hindpaw is in space. After treatment with pyridoxing (200mafkyg twice
daily fer 8 days), the performance o this tesk had declined, with an almost thirty percent deciing in gaod placements
ant an ingraase in bosh footfaults and near footfauits (Figure 18). Cetreatment of tha animals with IMab 2258 during
this time, allowed the animals to maintain 3 much bigher degrea of performance, with a smaller dacling in good
placemsnts and smallar increases in fooffauits and near footiaults,

In summary, catreatment with Mab 22568 amefiorates the toxic effects of pyridoxing as measured
biochemically, electraphysiologically, and by perfarmancs an a behavicral task.

Aifter establiching that the tikC Mabs were therapsutically at least as cffactive as MT-3, the ohserved
ailverse event of hyperalpesia was exemined. This side sffact of NT-3 administration has been sesn in rodents (see
Figure 19) and in humans {Chaudhary of 7, Musels and Nerve 23:188-182 [20000). Rats were trained and fested for
thential sensitivity of the hind paves using & Hargreaves device and then administered 1mgikg of Mab 2256 1Y, o
‘mplkg NT-3 subsutaneously in the sciuff. At twg, four, and six hours after adiministration, the rats wore again
tested for their thermal withdrawal times. As can he sgen from Figure 19, NT-3 administration caused a significant
heat hyperalgesia at Four and six hours post desing, while the 1rkC Mah 2256 was without any 2ffect on themal pain
sensation. So, 2t dusas known to be effective in reversing or preventing nauropatiyy, NT-3 does cause an increase in
sensithty o pain, whilg the Iab 2256 does not.

Cisplatin, & widely used chemotherapsutic agent, induces a sensory neuvopathy with selective fass of
vibration sense and praprioceptian. Here we demonstrate thet neuretrophin-3 (NT-3). a member of the nerva growth
tactor family of navratrophic factors, restored ta naemal levels the reduced H-reflax-related sansory nerve conduction
wvelocity induced by cisplatin in rate. NT-3 traatment corrected an abnermal cytoptasmic distrilution of neurafilament
protein in large sansory naurons in darsal raot ganglia and the reduction in the numbers of myelinated fibers in sural
nerves caused by cisplatin. Tha NT-3-dependaat reversal af cisplatin naurgtoxicity thus suggaests the possible use of
NT-3in the trestment of peripheral sensary nesrapathy.

Chronic treatment of adult rats for 2-3 weeks with Figh doses of pyrilexine [Wtamin BE) produced a
profound praprioceptive [oss, similar to that found in humans owesdassd with this vitamin or treated with the
chemotherapentic agent cisplatin, Pyridaxine taxicity was menifest as daficits m simple and precise locemotion and
sensory nerve function and a5 depeneration of large-diameterilarge-fiber spinal semsory meurans. As assessed
quantitatively in a beam-walking task and by EMG recarding of H wavss evoksd by peripherat narve stimulation,

coadrministration of the neurctrophic factor neuratrophin-3 (NT-3; 5-20 molkg!day, s.c) during ehronic pytidoxine

treatment largely attenuated the behaviora! and electrophysiclopical sequeize iated with pyrdoxine toxicity.
5%
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Furthenmare, NT-3 adminisiration preverted degeneration of sensary fibers in the dorsal colomp of the spinal cord.

These data are consistent with the evidenca that NT-3 is 2 target-derived neuratrophic factor far muscle sensory

alferents and suggest hat pharnacelogica! doses of NT-3 may be beneficial in the treatmant of large-fiber sensory

neurgpathies.

Depssiz of Rinlogical Material

The tollowing hybridoma cell lines and plasmids have heen deposited with the Amerfcan Type Culture
Callection, 10801 University Boulevard, Manassas, YA 2G110-2209, USA |ATGE) on June 21, 2000:

Hybrifama/Plasmic Designation

2.5.1

B.1.2

B.8.1

2344

1345

2348

7248

2250

2253

2256

DA pXCA-2250HL
DHA pXCA-2263HL
DA pXEA-2266HL
DNA pXCA-B.1.2H
DNA pXCA-B.4.1H
DA pXCA-2345H
ONA pXCA-2348H
DIA vegfachim6.1.2L
DA vegidchimB.4.1L
DWA vegidchim2345L
DWA vegidchim-2348L

ATECE o
FTA-2751
FTA-2148
PTA-2150
PTA-2144
PTA-2146
PTA-2153
PTA2147
PTA-2149
PTA-2148
PTA-2182
PTA-2136
PTA-2137
PTA-2138

PTA-Z141

PTA-2143

PTA-2142

PTA-2133

PTA:2£34

PTA-2138

PTA-2108

PTA-2140

This deposit was made wider the provisions ot the Budzpest Treaty on 1he Imtemational Recagnition of the

Deposit of Microorganisms for the Purpose of Patent Procedure and the Regulations thereunder (Budapast Traaty).

This assures maintenance of viable eultures for 30 years from the date of the deposit.  The organisms will be _rnade

avaflabla by ATCG undar the terms of the Budapest Treaty, and subiect to an agreement between Genenigsh, Ine. and
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ATCC, whith asswies permanent and unrestricted evailabifity of the progeny of the cultwres ta the public upon
fssuance of the pertinent U.S, patent or ufron Jaying apen ty the public of any U.S. or {ereign patent applcation,
whichever comes fitst, and assures avaiiability of the progeny to ane deteriined by the U8 Cammissionar of Patents
and Trademarks to ba enfitled thereto according to 35 USE 3122 ard the Commissioner's nules pursuant thereto
{inctuding 37 CFR §1.12 with particelar refersnce to 886 DG 638).

In respect of thoss designatiens in which a Furopean patent is sought, a sampla of the depositod
microorgaoism will he made availsble until the puklication of the mention of the grant of the Earopean patent or antil
the date on which the application has been refused or withdrawn or is desmed to be withdrawn, only by the issue of
such a sampla o an expert norpinated by the person requesting the sampla. (Rule Z8{4) EPL)

The assignee of the presert application has agioed that if the culivres on deposit shauld die or be lest or
destroyed when coltivated under switable conditions, they will be prompily replaced on notification with a viable
specimen of the same culture, Availability of the depesited strain fs aat to be congtrueg as & ficenze ta practice the
insention in conttavention of the rights granted under the autharity of any government in accordance with its patent
laws.

The foregaing written specification is considered to be sufficient to enable ane skilled in the art to practice the

inventian. The present inventien fs nat to be (imited in scope by the constructs depasited. since the dep
embadiments are intended 10 ifustiate only certain aspecis of the fvention and eny censtrugrs that are functignally
equivalent are within the scope of this imention. The deposit of material herein does nat constitute an admission that
the written escriptien hevstn containad is inadeyuate to enabla the practice of any aspect of the invention, including
the best mode trereof, nor is it 1o e construed as Hmiting the seopte of the claims 1o the specific ilustrations that thay
represent. Indeed, various wodifications of the invention in 2ddition to 1hosa shown and described herein will bacoms
apporent to those skillad in the art fram the foregoing description and fall within the scope of the appended claims.

It is understood that the application of the teachings of the present invention to a specilie prohlem or
situation will be within tha capahilities of ane having ordinary skill in the art in light of the teachings containad berein.
Examples sf the products of the present invention and representefive processes Far thelr isolation, vse, and
manufacture apneac felaw, but should not ba construed ta fimit the invention.

ANl references cited throughout the specification and the references cited therein are hereby expressly

incorporated by reference.

5=

JP 2004-500873 A 2004.1.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(124)

WO 0198361 PUTAISOL20153

WHAT IS CLAIMED IS;

1. An agonist anti-rkE monoclonal antitody which
Ia) shows no significant crass-reactivity with trkA or trkB; and
(b recoqnizes an epitope in domain 5 of trkC,
2 The antibody of clain 1 which further recagnizes an epitopa in domain 4 of trkC.
3 The antibody of claim 1 which binde hoth human and raf tekC.
4 The antibedy of elaim 1 wiiich is a heman antibody.
B The antibody sf claint 1 which is & murine antibody.
b. The antibody of claim 5 which is humanized.
7. The antbody of clain 1 effective in the treatment of cisplatin- o pyridoxine-induced
nauropathy.
8. The antibady of claim 1 eifective in the treatment of diabetic neurapathy.
9. The antibady of ckaim 1 which doas rot cause hypersigssia when administered to a parient.

10. The antihedy of claim 1 which has increased binavailability as compared to NT-2.

1. Tha antiboty of claim T which has a higher specific activity than NT-3.

12. An anti-trkl antibody heavy chain comprising tha follawing CDR's: 3 CORT satacted fram tha
group consisting of SEQ 1D WAs: 1, 2, 3, 4 and 5; a CORZ selected fram the graop consisting of SEQ 1D NOs: 6, 7,
B, 9, 10 and 17; antt & GDR3 setected fram ihe group consisting of SEQ 10 MAs: 12, 13, 14,15, 16 and 17,

13, An anti-erkG antibady light chain comgrising the following COR's: a CORT selected from the
groun consisting of SED 10 NDs: 18, 18, 20, 71, 2Z, 73 and 24; 2 COR? selected from the group consisting of
SEQ D MDs: 25, 26, 27, 28, 29 and 30; and o COR3 sefected from the group consisting of SED 1D NOs: 31, 32,
33,34, 35 and 36.

14 A muing anti-trkC antibody heavy chaie comprising the faflawing COR's:

{a) a COR1 of the farmala XasWXasXaaWVK (SEQ D NO: 373, whersin Xaa at position 1is For ¥;
Xaa at positton 3 is | or M; and Xaa at pasition 4 is Ear H;

] a CDRZ of the famula EIXaaPNaaXaaagXaaTNYNEKFKXaa (SED (D NO: 38), wherein Xaa et
position 3 is L or ¥: Xaa at positivn 5is G or 5; x2a at position 6 i¢ $ or N: Xaa 2t position 7 &= D or G: Xaa &1
pasition & is N or R and Xaa at pesition 17 is 5 or 5; and

(2} a LDR3 of ihe formula KNBNYYSNYVY (SEQ /D ND: 12) or KYYYGNSYRSWYFDY (SED 10 NO:
3.

15, A homan nti-trkC antihody heavy chain comprising the following GDR's:

{a} a CDOR1 af the formula XzaXaaXaa¥YWXaa (SEQ 1D K0: 39), wherein Xaa at posifien | is S or
I: Xsa3 at position 2 is & or §; Xaa at position 35 6, T or Y, and Xaa ai pozition 7 is Sor 1
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(b} a BDRZ of the formula XaalXaaXaaBE3XaaTXealPSLKS (SED ID NQ. ), wherein Xaa at
position 1is ¥ or RB; Xaa at pesitian 3 is ¥ or F; Xaa at position 4is ¥ or T; Xaa at positian &is 5 or B; and Xzz at
position 101s N ar ¥; and

i) # CDR3 of the forrula selectod fram the group cangisting of GROYDSTGDYYSYYGMDY (SEQ
10 70; 14); AGRYSNPED (SED 1D NO. 15); ERIAAAGX3aBYYYNGLYaaV |SEQ 1D MO: 41), wherein Xaa at pasitian
8is Aor T and Xaa at position 16 is [ or A.

18, An anti-trkC aganist manocional antihady cemprising a heswy chain comprising the GOR's of
the murine anti-trkC antibady heavy chain of claim 14 associated with a light shain.

17. The antibody ef claim TE comprising human framewark residues.

18. The antihady of claim T7 which shows na significant cross-reactivity with trkeﬂ or itk

14. The antibody of slaim 17 hauing & h amefic il f of twa disulfide-

bonded antibody heavy chain-light chain pairs.

20 Tha antlhody of claim 77 which is an antihady fragment selectsd from the group cansisting of
Fv, Fab, Fah' and Flah'); fragments.

21. An anti-trkC agenist monaclona! antibady cormprising a fuman anti-irkC antibady heavy chain
of claim 15 sasocizted with a human antibody light chain,

22. The antihody of claim 21 which shews no signficant cross-reactivity with trkA or tkE.

23 The antibedy of daim 22 having a fiomo-tetremeric struciure composed of twe disulfide.
tonded antibady fieavy chair-light chain pairs.

4. The antitwdy of claim 22 which is an sntirody fragmant selected frem ihe group consisting of
Fv, Fab, Fa’ and F{ab'j, fragments.

25, The antibody of claim 22 which is an lgG.

26. The antthody of claim 25 which i an IgG-2 or InG-4.

7. B morine antlarkC agonist anthody selected fram the group cansisting of anthodies 2248,
2250, 2253 and 2258,

8. B foman anti4rkG aponist antiody selected from the group cansisting of antibadies 6.1.2,
64,1, 2345, 2348, 2.5.1 and 2344.

8. The antibady of claim 28 selected from the group cansisting of antibodies 6.1.2, 8.4.1, 2345
and 2349.

30. An isnlated nucleic acid mofecule encoding & murine anti-trkD agonist antibody of claim 27,
3, An isolated nucleis acid malecule encoding a human anti-trkG agonist antibody of claim 28,
32. A mucleic ecid molecule depusited with ATGC on June 21, 2080 under an accession number

selected from the group consisting of PTA-2136, PTA-2137 and PTA-213B.
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33 £ nueleic acid malecule depesited with ATGC on June 21, 2000 under an accassion numbar
selscted from the group consisting of PTA-2133, PTA-2134, PTA-2134, FTA-2138, PTA-2140, PTA 2141, PTA-
2142 and PTA-2143, '

34 A vector comprising a nucleic acid melectle of any one of elaims 30-33.
35. # host celf fing trangiormed with 2 nuclefe acid mafecule of any one of eleims 30-33.
36. A hyhridoma cell iine transformed with a nucleie acid molecule of any ane of elaims 30-33.

37 An antibudy produced by a hylridena cell kine of dlaim 36,

38. An isolated nucleic acid molecule encoding @ heavy chain of an antitrk[: agonist moenoclonal
anfibody, sait nucleic acid molecule selected from the group cansisting of SEQ I NO: B8, SEQ ID ND: B0, SEDID
NO: B2, SEO 1D NO; 84, SEQ ID NO: 66, SED 1D NO. €8 and SEQ 1D NO: 70.

38. A&n isolated nucleic acid molecule encoding & light chain of an anti-rkC agonist monaclonal
antibady, said nutleit acit molscule selected from the group consisting of SEQ 10 NO: 58, SEQ 19 §O: 61, SEDIT
1D: 63, SEQ (D ND: 6%, SEQ 1D NO; 67, SE0ID N0; 89 and SEQID ND: 71,

40. A vector comprising a nucleic asid molacule of claim 38 or ¢laim 39.

41, A host eali transformad with a nucleic acid molecula af claim 38 or claim 38.

42. A host cgll transtormed with both a muekeic arid molecule of claim 38 and a nucleic acid
molzcule of clzim 39,

43, A hybridoma cell lina transfeimed with a nucleic acid molecule of claim 38 or claim 38,

4. A bybridama cel! line transformed with a nuclaic acid malecula of claim 38 and o nucleic acid
maolecule of clsim 38.

Ag, An antibody produced by a hybridema cell lin2 of claim 43.

45 An antthady praduced by a hybridoma cell lina of claim 44.

47. A palypeptide encaded by a nuclic acid molecula of claim 38 of claim 38.

48, A palypeptide comprising palypegtide chains encoded by a nuclsic aci mulecule of claim 38
am] 3 noelgic acit matecule of claim 39,

44, A phanmaceutical tomposition comprising an effective anteunt of an agonist anti-ifkC

mangelgnal antihody of any ona of claints 1, 16, and 21, in admi with a phart i 0 carrier.

§0. A methed far treating a reuropathy or neurcdegenerative disease, ar regairing a damaged narve
celt cornprising adwinistetiog to a wiammal an effactive amount of an antibedy of claim 1.

5. The method of claim 50 wherain said nauropathy is selected from the group consisting of &
peripheral reurcpathy, diabetic newrspathy, and a large-fiber sensory cevropathy.

82, The merhod of claim B0 wherein saif | ive disease is amyotrophic Isteral
sclerasis (ALS).

§3. The methad of claim 50 wherain said nerve cefl is a sznsory pewrow or metor neuran.
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54. The method of elaim 53 whersin said sansory neuren iz fram dersal reot ganptia.
56, The method of ¢laim 53 wheretn said mator neuron is fram the spined cord,

46, The method of elaint 50 whersin said administration is inrevenous or subeutansous.

TR The method of claim 5T wherein said adminiziration is 1epical.

58, A methad for enbancing the grafiteration, mainfenance ar regeneration of perighsral naurons
comprisinp centacting ssid neurans with an effactive amount of an antibody of claim 1, cleim 16, or claim 21.

49 A methad for the treatment of a dizsase or condition ievolving cell degeneration in a
mantmalian suhject by infroducing iuekeie acid encading an antl-trkC antibady of elaim 1 into & cell af such
subject.

80, The methiod of chaim 58 wherein the dissasa ar condition selected from tha group consisting of
& neurapathy, a newrodugenerative digease, and nerve cell damage.

g1 The methcd of efaicn 63 wherein said cell is a nerve cell.

62. The methad of claim 58 whersin said nucleic acid is intraduced inte said cell ax vive.

3. The meshoed of glaio 59 wherain said nucleic scid & introduced into said cofl i #iva.

B4, A methed of inducing angiogenesis carmprising defivering an anti-irkC antibody of claim Tin an
amount effective to induce angfogenesis.

gh. A rethad of making an agonlst anti-trkD actitody comprising weparng s antibody
specifically binding trkC at a site overlapping with the hindiny site of a native NT-3 ligand of said trkE.

éB. The method of claim 85 wherein said antibedy hinds trkC 2t essentially the same site as a
native NT-3 ligand sf said tekC.

67, The methed of cleim 65 whargin said antibedy hinds 16 3n epitepa within domain & of trk G.

£8. The method of claim 67 wherefn said trkG is & native heman kG pafypeptida.

68, Tha method of cizim 68 wherein said epitope includes amino acic residues 284, E287, ant
H335 of said native human trkC.
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Fig. 5: Specific Binding of antitrk(C Agonist MAbs
to Domain 5 of trkC
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Figure i Sequence of hutrkC dormains 4 and 5 ANl doted residues were muta-
genized to alunine except residues 1284, L286, E287 which were changed to E, F, and
X, respectively (73
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(154)

W) 01798361 PCTAISN L0153
17133

A Mab 22%0D Heavy chain:

CRAGGTCORAACTGUAGCAGTC TAEEEUTEAGCIGATGCASCCTEEEGCCICAGTCGAAGATA
TCCTOORAGTCTACTGUCTACAUAT TCASTAACTTCTGCATAGAGTGEGTAARGCAGAGG
CCTGGACATERCCTTOASTGEA TIGEAGRGATT TTACCTGETAGT GAPAATACTARCTAC
AATEAGCARGTTCARGGRCAACGCCACATTCACTGUAGATACA TCCTCCAACACAGCCTAC
ATGCAACTCAGCAGCCTRACA P GAGGACTCTGUCGTCTATTAC TG TECAAGARAGAAT
CETARCTAUTATCOTAACTACETIG TATGRGCCCARGEGACTO TGO TCACTGTCTCTGOR

MAb 22%0 Lighl chain:

GACATTCTEATGACCCAGTU TCC TG TTUCTTACGC TG TATCTCTEEGGCAGRGEECCACT
ATCTCATACACGOCCAGCAAANGTGTCASTACATCTECCTATAGT TATA TG CACTGORRC
CRACAGABACCAGGACABCCACHCAGACTCCTCATCTATC TTGTATCCARCCTAGAATIT
AGEGTTCCCTECOAGE T TCAG THECAG TEEGTCTEEEACASAU TTCACCCTCARCATCCAT
COTGETGGAGGACGRCGATECTACARCCTAT TACTE TUAGCACA I TACCCAGCTTACACGT
TCEECTCRGGGACARAGTTGCARARRACGS

F?% -

JP 2004-500873 A 2004.1.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(155)

W) 01798361 PCTAISN L0153
268133

Mab 2253 Heawvy chain:

SAGETCCAGUTGUAGCASTOTEEACCTEAGC TEATGCAGCUIGRGCCTCAGTEAAGATA
[CCTOCAAGTCTACTCGUTACACATTCAGTAACT TCTGEATAGAGTGUG TARAGCAGRGE
COTGRACATEECCTTEABTCUAT TGEARGATTTTACCTHOCAGIGATAATACTAATACA
4 TGRAGAAGTT AAGGECAAGGUCACAT TCRCTGCAGATACATCUICCAACATAGCCTACI
.['GC!\ACTCI\GCAGCCTGACAT_CTGAGGAC’I‘CTGCCG’TCTATTAC’I'G’J'GCAAGAARGAATC
STAACTACTATEETARCTACGT TOT O TEGEGCACAGGUACCAUTCTCACAGICTCCTCA

Mab 2253 Light chain:

CABATTATGCIGACTCAGTCTCOASCAATCATCTCTECATCTCCASCROACAABGTCRIC
ATAAICTECAGTRCCAGTITCAAGTCTARGTTACATGTACTGGTT
CORBCAGBAGCCAGGCACTTCT! ERACTCTOGATTTATAGTACATCCARCCTECEUITC
TEEAGTCCCTGOTUBCTTUAR ESTEEATCTCECACCTCTTACTC TCICACARATCAG
CCGAATCGAGCOTEAAGATECTACCACTTATTAC TG CAGCARAGGRGTAGTTACCLGCY
CACCTICOETGCTOHAACCANGCTEEAAL TARARCGS

T:\‘q’ 2.3

JP

2004-500873 A 2004.1.15
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B,

(156)

W) 01798361 PCTAISN L0153
19133

Mab 2256 Heavy chain:

CAGGTCOAGC TGCAGCAGTCTEREECTCAACTGETEARECCTHRUECTTCACTGARGC TG
TG AAGRCTTCTGGC TACACCTTCACCAGCTACTERA MECALIGEE TCARGCAGRGC
COTEGACAAGGUCTTEAGTGUAT TGCAGACAT TTATCOTAGCARCEGTCETACTIAACTAC
AATCAGAAGTTCARGACUAAGGCUACACG

ACTETACACARATCCTCCAGUACAGC CTACATGCANCTCAGCAGCCTGACATCTGAGLAC
TOTOOEGTOTATTAL TETGCARGAAAA TAT IACTAUGETAATAGCTATCETTCCTEETAC
TTCGATCTCTRGEGCEIAGGCACCACTUTCALAGTCTCCTCA

MAL 2256 Light chain:

GACATTETECTGACCLAGTUTCCAGUTTCT U IGRCTETETCTCTACGECAGARGGCCALT
ATCTCCTEOAGAGCCAGUEARLG TG T TEGATAATTATEGCAT TAGTTTTATGRACTEGTTC
CRACAGAMNATCAGGACAGCCACCCRARCTOCTICATC TATEC TGOATCCAACCAAGERTCC
SEOCTCCCTGOCAGG ITTACTEGU MG TGRETCIGGCACACGACTTCAGUCTCAACATCCAT
AGIA TGATACTAC AR TOTATTTCTETCAGUARAGTARGGAGHETICCTCEG
GACGCACCRAGCTERAGRATGRAACGS

JP

2004-500873 A 2004.1.15
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(157)

W) 01798361 PCTAISN L0153
30433

I  MRb 2345 Heavy chain:

CRGETGCAGCTGCRGEAGTCGEECCCAGGRCTGETANAGCUTTCACAGACCUTETCCCTC
ACCTGCACTGTUTCTGSTGCCTCCATCAGCAGTGOTEGTTACTACTGGAGC TRBATCCGC
CAGCACCCAGARARGGGCCTGRAGTEGTTREETACATC T T T TACAGTGCOASCACCTACT
ACAACCCGTCOCTCAMGACTCGAG T TACA TATCACTRGACACG ITCTAAGAACUAGITCIT
COIGAAGCTCAACTCTETCACAGCCOCUCATACCECUG A GTAT TAUTGTEGCEAGACAGOG
CATAGCAGCAGCTGETGCEEACTACTACTACAACGGTTTGRACGETCTGGCCCCARCCGAT
CACGETCACCEGTCTCLTCA

MAL 2345 Light chain:

GARATTGTGTIGACGCAGTCTCCAGGCACCCTGTCT TTETCTCOAGRGGARNGAGCACT
CTCTCOTECAGGEOCAGTCAGAGTETTAGCACGCAACTACTTAACCTOCTAUCAGCAGAAR
COTEECCAGGETCUCARGCTCOTCATC TATGETOCATCCACCAGEGUCACTGECATCCCA
GACAGGTTCAGTCGCAGTGUGTCICEUACAGACT TCAUTCTUACCATCAGUAGAUTGIAG
COTGRAGATTITGCAGTATATTACTETCAGCAGTATGCTCCUTCACC TCUGATUACUTTE
GCCCAAGGEACACGACTGUAGATTARACGA

F\'S 5
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(158)

W) 01798361 PCTAISN L0153
31433

f}_  MADL 2349 Heavy chain:

CAGETCOARCTUCAGRAGTCGHEECCCAGUACTCUTCRAGCCTTCACAGACCCTICTOCCTY
ACCTECACTETC TR TEGTGECTCCATCAGCAGTEGTIA I TATTAT TCCAGTTERATCCGT
CAGCACCCAGGCAAGRRCCTGEAGTEGA TTGGGTACATCTAY TACACIGRGRGCACCTAL
TACARCCCHTOCCTCAAGAGTCGAUT TACTTATCAGTAGACACGTC TANGAACUAGTTCTC
CCIEAACCTGRGCTCTETGACTAECCGUBGACACGHCCGTATATTACTGTEGUGAGAGACGTG
GATAGCAGCARCTGEAACGECACTACTACTACARCOGT TICECCCTCTEGAGICAAGGGAL
CACGCTCACCGTCTCCTCA

MAb 2349 Lighl chain:

GEAATTETETTGACCCAGTCTOCARGCACCO TG TCT TTGTCTCCACECCARRGAGCCACT
T T TCCTGUABBGCCAGTUAGAGTGETAGCAGCACCTACTTAGC TEGUTACCAGUAGAARC
CTGGCCACECTCCCRGCCTCOTCATC TATGETECATCCAGCAGRGLUUATTGECATCCAG
ACAGGTTCAGTGGCACTGEETC TECEACRGACTTCACTC TCACTATUAGUAEATGEAGC
CTEAACATTTTBCABTCTAT TACTG I ACCAGTTATGGETAGETCACCTCCGATCACTTTUG
GCCARGHCACACGACTGGAGATTARACCA

iy 7l

JP 2004-500873 A 2004.1.15
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A

(159)

W) 01798361 PCTAISN L0153
32133

MEb 6.1.2 Ileavy chain:

CAGGTGUAGCTGUACGAGTCGECCCCAGGATTEGTERAGCCTTUACAGACCCTGTCCCTC
ACCTGCACTEICTC TG TGO C TCCATCAGCACTGS TEETTACTACTEGAGUTGEATLCET
CAGCACCIAGGEAAGGRCCTEGAGTGOATIGGATACATCTATTACAGTCEEAGCACCRAC
TACRACCCETCOCTCARGAGTCGAG T TACCATATCAGTGOACACH TCTARGARCCAGTTC
TCCCTGRAGCTCAGC TCTEIGACTECUGCUGAUACGECUG TG TAT TAC T GTAUGAGAGAT
CEGCAUTATGATAGTACCGCUGATTACTACTCC TACTACGG TATGCACGTUTOGGCUCRA
GEGACCACGGETCACCGFCTCCTCA

Mak ¢.1.2 Light chain:

CATATCCACGATCACCCAGTCTCCATCCTCOCTGETUTGUATCTG TAGGAGATUAGAGTCACT
ATCAUTTGUCCGUGUARGTCAGGGUAT TAGARRTGATTTAGGCTGLTATCAGCAGARAALCA
GGGARAGUCCCTAAGCGCCTGATCTATGCTGCATCCAGT I'IGCAARGTGIEGTCCCATCA
AGCTTCAGCGEUAGTGEATCTGEGATCACANTTCACTCTCACARTCAGCAGCCTECAGCOT
OAAGATTTTGCAACTT T TTAC TG ICTACAGCATARTAG I CTTCUGUITCRCT T TCGECGGA
GGEGACCAAGETRGAGATCAANCGA

F(gl?

JP 2004-500873 A 2004.1.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

A,

(160)

W) 01798361 PCTAISN L0153
33133

Mab 6.4.1 Ileavy chain:

CAGGTGUAGCIGUACCABTCGEECTCAGGAC TG TGRGRICTTCEGAGACCCIGTCCCTT
ACCTGEOACTENC I TECTEGCTCCATCAGTACTIACTACTGERAACTGHATCCGECAGICT
GCOGEOMRGGEALTECAGCTEGATTERGCGTATCTATACUAGTGLEERAGCACCAACTATARC
COOTCCCTCAACAGTUGAGTCATCATCTCAGTAGACACGTCOAAGRACCAGTICICCUTG
AMGCTEAGC UG TEACCECCECGEACACGUCCETCTAT IAUTGTGUCAGAGATEEREET
ThORGTARCCCTITTGAC TAC TEHEGCCAGCENACCCTESTCACCGTCTCCTCA

Mab 6.4.1 Light chain:

GATATCCAGRTGACCCAG PO TCCAGRCTCCCTOGCTGTCTOTCTEGEOGRGAGGGIOACC
ATCARCTECAAGTCCAGLCAGRG TG TTTCATACAGCTCORACAATARGRACTACTTAGUT
TGGTACCAGCAGAARCCTGEACAGUUTCCTARGCTG
CROATTTACTGEGORTCTACCCGGEAATCUGEEGTUCCTCACTCARTIACTGRCACCGESE
TUTEGREBCABATTTCACTCY CACCATUAGTACCOTCCAGGCTGAAGATETGCURGTTTAT
TACTEICARAACATTATANTACTCCACTCAL Y I BRI ACHCACTAAGE TRGREATC
AAACTA

r\'r\ (A

JP 2004-500873 A 2004.1.15
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(161)

W) 01798361 PCTAISN L0153

SEGNENCE LISTING

<.10» Genertech;
Devaux, Bz
Hengeo, Jo-Anni
EFresta, Loonarsg G.
Sheltor, David L.

<120 BEOWTST ANTI-TRE-C MONOULONAL ANTIBODIES

<130> GINENT. 400D

“140»> &0/238,318%
<14l> 2000-10-0%

<160» &3
<170> FastSEQ for ®Wirdows Version 4.0

<2I0> 1
=21l 7
<212 FRT
<213» Murine

<400 3
Phe Trp Ile Glu Trp val Lys
1

5

<21C» 2
<Elin 7
<212> PET
<Z13» Purins

<dCd> 2
Tyr Trp Meh Ais Trp YAl Lys
1 5

<210> 3

w2l 7

©Zl2> ERT

<213>» Homs sapisos

<400> 3
Ser Gy Gly Tyr Tyr Trp fer
1 3

<210 4

<Zllr»

<Z1Z>» FRY

<213* Homo sapiens

<2005 4
Tle Ser Thx Tyr Tyr Trp Bsn

JP 2004-500873 A 2004.1.15
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(162) JP 2004-500873

WO 0198361 PUTAISOL20153

<21C>» 3

<Zli» 7

<212> PRT

<213> Hora saplens

<213p Murire

<480% &

Glu Ile Leu Pro Glv Ser Asp Asn Ihr Ben Tyr Bsn Glu Lys Phe Lys
1 5 ic 15

Sy

<zlb> 7
<Z1ll» 17
<Z1Z» ERY
<Z213> Marine

<4Ch> 7
Glu Ile Tyr Pre Ser Aan Gly Arg Thr Rsn Tyr Rsn ©lu Lys Phe Lys
1 5 o 15

Ser

<Zzlo> 8

<2l 1%

<712 PRT

<Z13» Homo sapiens

<ACh> 2
Tyr Ile Tyr Tyr fSer Gly Ser Thr Aen Tyr Rgn fro Ser Leu Zys Se
1 5 10 15

<Zlor 9

<21i» 16

<212 ERT

<213>» Homo sapicons

<4002 5

Azg Zle Tyr Thr Ser Gly Ser Thr Asp Tyr Asn Pra Ser Leu Lys Scr
- 5 20 15

<210 10

A 2004.1.15
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(163) JP 2004-500873

WO 0198361 PUTAISOL20153

<21ix 16
= PRT
213> Romn seplens

<490= 10
Tyr 1le Phe Tyr fex Gly Ary Thr Tyr Tyr Asn Pro Ser Leu Lys Ssr
a 5 10 15

<219= 11
<21i» 16
<21¢» PRT
<?13> Kora 83

BLy Ser Thr Tyr Tyr Asn ¥ro Ser Leu Lys fer
v} 15

<2100 L2
<2115 11
<212z ¥RT
<213> Murine

<4GCr 12
Lys Asn Arg Asn Tyr Tyr Giuy Asn Tyr Val Val
1 3 10

<230% L3
<211 15
<212 ERT
<213» Murioe

<igC» 13

Lys Tyre Tyr Tyr Gly Asn Ser Tvr Arg Sex Trp Tyr Ehe Asp Val
1 a ] 15

<210» 24
<217» 18

€2135 Homo sapisns

<4CO0> 14

ASD Arg Bop Tvr Asp Scr Uhr GLY Rsp Tyr Tyr Ser Tyr Tyr Gly Meb
1 5 10 Z

Asp Ve

<Z10» 13

2211> 3

<2lér FRT
<213>» Home saplans

<400 i3
Bep Gly Gly Tyr S=ir Asm Pro Phe Rsp

A 2004.1.15
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(164) JP 2004-500873 A 2004.1.15

WO 0198361 PUTAISOL20153

<21lo> 18

<Z11x 17

ERT

Homo sapiens

<213

<d00s 16

Gl Arg Tle Als Ala Rla Sly &Ia Rap Tyr Tyr Tyr Asn Gly Lou Asp
1 5 a0 15

val

230> 17

<211» 17

<212 PRI

<213> Homw sawlens

400z 17

lu Arg Ile Rla &la Ala Gly Thr Asp Tyr Tyr Tyz A¢n Gly Leuv Ala
1 E 14 15

Val

<210> 18
<21l» 15
<32123% PRT
<Z13> Muring

<400> 18
Brg Ala fSer lys Jer Val Ser Thr Ser Gly Tyr Ser Tyr Met iis
b 5 14 1s

<210% 1%
<3211x 10
<213> ERT
<%13> Murire

<400= 19
Sar Ble Swr 5S¢ Ser Val Ser Tyr ket Uyr
1 El ia

<215%» 20
<21l TH
<212» FRT
<213 Morine

<4QC» 20

Rrg Ala Ser Glu Ser val Bsp Asn Tyr €ly Ile Sec he Met Asn
1 3 hlag 15

wZ10m 21



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(165) JP

WO 0198361 PUTAISOL20153

<21k L1
<2122 PAT
<213» Earv sepiens

<400 21
&ry Ala Ser Gln Gly Tle Arg Rsre Esp Leu Gly
1 g 10

<210> 22

<2ll= 17

C21%% FRY

<213> EKomo sapiens

<420x 22

Lys Ser Ser Zln Ser Val Sex Tyr Ser Zer Asn Bsn Lys Bsn Tyr Teu
K o 10 15

hla

“Z10> 23

«211x 12

<Zlas PR

©2i3> Homo saplens

<400 23
Arg Rla Ser Gla Ser val Ser Sexr Asa Iyr Lew Thr
5

PRT
<213> Eamo gapiens

<406> 24

Arg Rla Ser Gln Ser Gly Ser Ser Thx Tyr Lauw Rz
L 5 10

£210% 25

<2ilx 7

<212> FPRET
<2L.4> ¥urine

<400> 25

Leuy Val Ser Asn Zeu Glu fer
5

210> 26

<2dix 7

<21%2> PRT

<213 Marine

<400» 28
Ser Tar Ser Asn Leu Ala Ser

2004-500873 A 2004.1.15
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(166)

W) 01798361 PCTAISN L0153

<zl 27
“21l= 7
<21z PRT
<E13> Marine

gitp» 27
&1z Ala Ser Asn Gln Cly Ser
1 3

<210> 28

=21is 7

<21Z» ERT

<213 Home sapliens

<aCus 24
Ala Ala Fer Fer Lew Glr Sox
1 5

<210 2%

wZ2itm T

<21%» PRT

<213> Heomo sapiens

CEYT> 29
Trg Bla Ser Thr Ava
1 L

<Z1L> 39

221> 7

212> FRT

<713% Horo sapiens ¢

<4005 30

Giy Rla Sex Ser Avxg A.z Tnx
1
1 3

<2i0» 31
L0 e
<212> PRT
<2137 Murine

400> 3%
Gln His Ile Arg Glu Leu Thr Arg Jer
i 5

«210> 22
<21ix G
<212= PRT
“213> Murine
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<4Ch>» 32
Gl Gin Arg Ser Ser Tyr 2ro Lea Tor
1 5

<Z10> 33
<21i> 9
<Z12» PRT
<213 Murine

<40 33
Gln €In Ser Lys GlLu Wal Pro Arg Thr
1 5

<Ell 34

«211> 9

<212% PRT

<213 Eomo sapisns

<400> 34
Lev Glp His hsn Sar Leu Fro Lec Thr
1 &

<20
<21i=
<2l2» FRT

«21i3> Homc sapisns

5

[EER]

<400> 35
Gln Gln dis Tyr Asn The Fuo Loew Tho
i 3

€21i3> lomo saplens

<400% 36
Gln Gln Tyr Gly Ar
1

3

Ser Pro Pro Lle

<210» 37
<211 7
<212% PRY
<2.3% Murire

<Z20>

<221> UNZURE

w222y 1

<é23» ¥ga = F or ¥

221> DWSURL
2228> 3
<223% Haa = T or M
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W) 01798361

<ezl>
<222

URSURE
4

<F23% Xsa = E or H

400>

Xaa Trp Xaa Ysa Trp Val Lys
1 5

<Ziox
<EBrLx
<32
<2132>

<R20>
Eeld b
€222x
223>

<221
Recky iy

<E23>

L221>
<2ZZx
<2E3F
<221>

<222%
<223

L by
<z22>
<Z23%

€221 %

<2e2x

<223%

<400>

37

17
PRT
Murine

UNSURE
3
Raa = L oz

DHSURE
il
Xaa = G or

ONEURE
[
Kza = 5 or

UNSURE
N

¥za = D or

UNZIRE

8

Raa = N ox
UNSURE

7

Haa = G or

-3

e

(168)

PCTAISNS20153

Glu Ile Xaa Pro Xas Xpa Xaa ¥aa Thr Rsn Tyr Asn Glu Lys Pha Lye

1
Xuz

<210
<21l
<2LAx
213>
€220
<221
222>
<223%

A

3%
K
FRY

5

Bomo saplens

TRSURE
1
Xaa = § or

UNSURE

1
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WO 0198361

w222r 2
<223 Fam = G or I

€Z2L> LWEIRE
<2Z22% 3

AR Mag = &, T oor Y

<22ix LNSURE
<zzanx 7
223> Kag = 5 o~ N

<400> 3%

Xas Kad Xesa Tys Tyr Tip Kaa

- 2

<219> 40
<211> 16
<212» PRT
<213 Eomo sapiens

<220>

<221> UNSDRT

<22z2> 1

<228x ¥Naa = ¥ or R

<221> UNSUBRE
<A2%> 3
<223» Raa = Y on F

<2al> UNSURE
<22E 4
%223» ¥aa =Y 2r T

<Z2i> UNSURE

<7722 B

<223> X#a = % or R
<221> UNSURE
«222x 10

<2:3> Kaa - W or ¥

<400 40

Xaa Ile Xan Xaa Sern
1 g

1 5

<210x 41
<21l1x 17
<212> FRL
<2135 Hemo saplsas

=220

<Z21> UNSURE

<2227 §

223> Hza = Aor T

<221x UNSURE

Gly Sor ¥aa thr Xaa Asn Fro Ser Leu Lys
15

(169)

PUTAISOL20153

Szr
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HRE2x LE
®27F% RKae = D or B

<400 41
Glu Arg Ile Ala Ala Bl Gly Zaa Asp Iyr Tyr Tyz Ran Gly hen Xea
1 ; 10 iz

5

val

<210> 42
<ZLlw 122
«212> PRT
4213> Wurina

400> 42
Asn Glp VAl Gln Leu Gln Giln Ser Gly Rla Glu Leu bMek 8in Fro Gly
b 1 13 5
Ale Ser W2l Lys Ils Eer Cys Lys Ser Thr Gly Tyr Thr The 3sx Asn
Phe Trp Zle Glo Trp ¥al Lys Gln Arg Pro GJ Y Eis 6ly Leu Glu Top
35 43 45
Iiz Gly €lu lle Leu Pro Gly Sor hsp Ase Thr Bsn Tyr BAsn Glu Lys

Phe Lys Gy Tya Ala Thr Phe Thr Bia Rsp Thr Ser Sex Asn Thr Ala
%] 70 15 80
“yr ¥et Gln Leu Ser 3er Leu Tnr Ser Glu dsp Ser Ala Val Tyr Tyr
35 ac 5
Cye Ala Arg Lys Asn 3rg Asn Tyr Tyr Gly Rsn Tyr Val Val Trp Sly
1eQ i 110

» Leu Yal Thy Val 3er &la Cys

1290

<Z10=> 43
<21i» 122
213> PART
2213> Marine

<iQ3» 42

Asn Gon Val @Gln Let Gln Gln Ser Cly Ala Glua Zeu Met Gln Fro Cly
1 5 15
Rla Ser ¥al Lys Ile Ser Cys Lys Sar Ze
20
Bhe Trp TLe Giu TvD Val Tys Glm
35 432
1le Gly Glu Lle Leu 2re Gly Sex
50 B ]
Phe Iys Gly Lys hla Thr Phe Thr %1z Rsp Thr Ser Ser Esn lhr Ala
(%) 70 15 g0
Ser Leu Thr Ser Slu hsp Ser Ala e Tyr
20
Arg Asn Tyr Tyr Gly Asn Tyr Val ¥ Gly
105
Tar Val Ser Sar Cys

120
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WO 0198361

<210x 44
<21i> 126
<212% PRT
<213%

<4RO0» 44
Asgn Glo Val
1

Ala 8ar Val L

Tyr Trp Met
35
ile Gly Glu

o

Fhe Lys 561 o

E]
Tyr Heb Sln

Cys Ala arg

Aap vzl Tro
P -]

Lys
100
GLy

5 Bla

Ser
EE]
Tyr

Ada

w21 0»
<2llx
<212»
<Z13»

QU

45

130

AT

Noms zapisns

45

Asn Gin Yal €in Lsu

1

Gl Thr Leuw 2ev lou

25

25

Cly Gly Tyr Tyr Txp

34

Glv Trp Ile Gly ryxr

50

Ser Leu Lys Ser Arg

Pre Ser Leuw Lys Lou

Tyr Cy3 Thr Rry Rhsp

Tyr Tyr Gly Met Asp b

<2105
2zlix
P12
<Z13>

<200

Asre Gla Val Gln L

1

ico

113

Homo sapiens
(33

Fre

Thy
70

Texr L

Tyr

Gly

Thr

Bro
Lys
Gin

40
Azn

Thr
Gly

Thr
120

Thy

Ile
A0
Tyr

z Val

Tyr

3y
120

ou Cln Glu Sar
.

(171)

PUTAISOL20153

Gly ALe Glu Zeu Val Lys Gly
10

Ala Ser Gly Tyr Thr Phe Ser

2 30

nzg $vo Gly 6ln Gly Lew Glu frp
Gly Arg The Asn Tyr hen Glu Lys

Ala

Aszn Ser Tyr Arg Sar Trp iyr Fhe
1ns 110
Lew Thr Val Ser Ser Cys

¢ly Fro Gly Lew Yal Lys Pxo Ser
i 15
Val fex Gly Gy Ser Ile Sor Ser

Arg €ln Eis ¥ro Cly Lys Gly Leu

Ser Gly Ser Thr Asn Tyr Asn Pro

» Sar val hap Thr &er Lys Asn Gln

% a0
Thr Ala Bla Asp Thr Ala Val Tyr
50 95
Rsp Eer Thr Gly Asp Tyr lyr Ser
105 118
Gle &)y Thr Thr Val Thr Val Ser

Sly Pra Zly Lewn Val Rrg Pro Ser
e 13

11
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<210
<3
2212
<Zl3>

WO 0198361

: Thr

c yr

Bly
50
Zer

VE

C

Arg

Yzl

406> 4
Cin

Asn
1
Gln

Cer
he
Tyr

Asn

Cys

* 159
]

Thy
1.5

¥

RT

7
Val

f Lou

ils

<210%» 48
<Z)i> 125
«?12% PRT
<213 Kone sapisns

<4CC» 4B

Asn

Sln
Gly

G

Gln

Thr

Tvr

; Se

5

20
Asn

le

lys

Rrg
00
nhEp

Leu

mrp

Thr
Sex
Gly

Bar

ilomo ssplens

e
5

Leu

T Trp

Sex

Arg

Thr

T

: Thr

Cln

val
o
Asn

Arg

T

Lewn

70

Cys

Glu

o Cys

= Trp

Tne
55
Tar

Tle

Gly

Th
=ln
40

Gly

val

w
i
]

»

L3

Scr

Thr ¥

Ile
10
Ty=

)

Ala

Glo
125

val
25
¥ro

Sex

Ala

Jre
ins

Sar

The 7

Rla
105
Gly

Gly

- yal

2

* A g

Ser &

2la
Thi
rhr
Rsp

Fhe

Bla

Thxr

Pro
1
Ser

@ln

Gly

His

Leu

Gly S

Ero

Thr
]
Thr

LTS
Gly
43

Ran
Asn
Val

Ely

Il
30
Leu

Pro =

Gln

cra
119

Lys
Lis
30

Lys

Tyr

Zer

Glo

Phe
Tyr

95
Gly

Asn

Asn

Val

(172)

PUTAISOL20153

Thr
_ro
Tew
Ser
80

Cys

Thr

Thy
125

Ile
36

Lys
Tyr

Lys

Ser §

Fro
15

Ser
Gy
Asn

Lar

Pro

#ln

80
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W) 01798361

Fhe Ser Ieu Lys l=a

Ty Cys Ala

Asn Cly Teu
113

cye

<200 £3

<2Llx 112

<212 PRT

Arg
ice
Ala

<213» HMurino

<400> 48
Az Asp Ile

Gly Gln Arg
Ser Gly Tyr
35

Len

Fac

Val

Brg Glu Leu

«©zlO>» 59
<d11» 189
212> PRT

Val
Ala
20

Ser

Laa

Ser

G o

Thr
1o

<€213% Murine

<468 50
&sn Gln Tle

MEt Iyr Tip
35
Tvr sex Thr

Ser Gly Ser

Glu Rsp Ala

<Z1tx 51
<211x 114

Ala

Ala
0%

85
Glu

Val

arg

Leu 7

Ihr

Aarn
Thx
Thr

a5
Gy

ser
Rrg

Teo

Ser
a0
Glu

Sar

Als

Fin

Thr

. Lys

ala
a5
Tyr

Yal Thr Ala Ala
30
Bla Ala Rls Gly

03

; Gin &7y Thr fhr

la2¢

Egr 2ro Rla 3er
10
Tyz Arg Ala Sex

s Trp Ben Gln Gln

Val Ser Ren Leu

Ser Gly Thx Aap
TE

1c

© Bla Serv

Val Fro

fer Lew Thr Ile

18

Cys Gln Gin Rry
90

Leu Glu Leua Lyw

v Thr 5=z ©

Met

Sor

Ria
B0
Ser

Ser

rrq

Sor

Cyy

Ala

Tyy
150

Vwal 5

val

r Val

a0
Gly

Gy

Gin

Lys
1le

Yal
Asn
His
35

Arg

(173)

Ala

Leu

PCTAISNS20153
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WO 0198361

<400x 51

Asn Agp -

1 ]

Gly Gin Arg Ala Thr Ile Ser
20

Tyr Cly > Scx Phe Mot Lem

Prc Lys
50 5%

Bla Ryg Phe Sex $ly Ser Gly

65 10

dis Era Mot Glu Giu Asp Asp

Lyy Glu Val Pro Azg Thr Phe

€21C» 52
<z1l> 110
<2léx PRT
<213> lieme sapiens

<400x 52
Ask Asp Ile Gln Met Thr Gla

Gly nsp Arg Val Tar Ile Thr

Bsp Lew Gly Trp Tyr Gln GLo
a5

Pre Glu Asp Phe Bla Thr Phe

Lew Thr Phe Gily Gly Gly Thx
160

<Rid>
<2Id> 2
<212% PRT

<Z:3> Rome sapicns

<400% 53

Asn Rsp Ile Bin Met Thr GLn

L 5

Gly Glu Arg Ala Thr 1lle &s»

20
3er Ser Asrn Asn Lys Asn Tyr
35

Gin Pxo Pro Lys Leu Leu Yls

5¢ 55

val Pre Rep Rrg Ile Ser Gly |

le Vval Leuw Thr Gln 5

Bra

s Ary

Fhe

Sy
205

Als
o

Ala &

Aun
Thr
Hetl

Gy

L

Gl

Asp
ic

Ser

v Val

i Lys

2 Thr

73

Gla

Tle

Lewn
Gia
Lys
Gly
Gl

Pra

¥hz

Tys

Gln
Ala
Bro
a0

lis

Eis

Sl

Thr
60

Thr

Ala
Ser
Pro

15
Ser

Lan

Fra
15

Ser

Rzn

Arq

Val
Val
30

Gly

Tys

Ser
15

Rap
&in
Wal

Bisn

Gln
95

Ser

I 8Ber

Bire

Ser

Thr

(174)

LY

Asn

Rsr
Leu
sar

&la
a0

Leu
Tyr

aly
&Ly

Len
8c

PUTAISOL20153
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“hr

GIn

Iie

o
I»oii2

WO 0198361

Ila Ser Ser Lou 5lo Ala Gla Asp

3
Eis Tyr Asn Thr Pro Low Thr Phe
105

1qo
Lys Brg Cys
115

54

PRT
Home zapiens

400> 54

Asn
1
Gly

Glu ile ¥al Lea Thr
3
Gla Rrg Rla Thr
20

“yr Len Thr frp

s Ike Tyr Gly Rla f

50
Gly Sar Gly Ger

Bro §lu Asp B

Pro Tle Thr
103

<7l 55
<21i» 11z
<Z12> PRT
<213> Homa sapiens

<400x 55

Asit
1
Gly
Thr
L
Sex

65
Giu

Bxo

<400> 5

Gly Tie ¥al Laua Thy
5

Glu Arg RBla Tir Phe
20
Tyr Lou Bla Trp Tyr

Gly Ser Gly Sex Cly T

1
BPro 31u Aszp Prs Ala
as

100

13

304

IRT

Fomo sapienz

the Fhe Gly G

Tyr

i Thr

105

an

(175)

PUTAISOL20153

Val #le Val Tyx Tyr C¥s GIn
5

I

Sly €ly Gly Thr Lys Yal Glu

i
Ala

o Lly
10

¢ Rla

Pro

Tnx
Sar
Gly
Gly
Leu
75

Gln

Len

[T
B4 U@

hew

Leu

Gin

Gl RBla Zre Rrg Leu

Il2 Fro Asp hrg Bre
6
Thr Ile Ser Arg Leu

Gln Pyr Gly Arg Ser
a5
Clu Iie Lys Rrg Cys

> Leu Ser nLeu Ser Pro

15
Gln Be- Gly Ser Sar
30
Gln Ala Pro RArg Leu
45
Ile Pro Asp Arg The

Thr Tie Ser Arg Lewo

Gin Myr Gly B-g Ser

110

JP

2004-500873 A 2004.1.15
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war
225
Asn

fhr F

385
Val

ket

Pzo

WO 0198361

Il=
280
Eis
Tyr

Fhr

Iys

Tieu
450

Thr

val
Arg
278
Clu
Asn
E1n
Ris
Thz
3335
Glu

Pri

Gly
435
Lis

Tyr
oo
Phe

Gar

Glu
150

v Ala

Serx
GlLy
280
Val
Fh
Gly
Glu
Tyr

340
Ala

Ala

Val
4270
TEo

RBis I

Cws Val Cys Ser Lyvs
Asn Teu The Pro Leu
Aen Als Asn Ile Asn

et

Tlg Rer Lou Ser Sor
1Ly
Gl Thz Lew Ser Leu

o
@

Cys Ser Cys BsRp T
alz Lys Leu Amn Sex

Glp Leua Fro Lgo Phe
165
Ile Ber Val Scr His
185
Vel Ile Thr Cys Asp
200
Ile Val Thr Gly Leu

Trp Thr Rsn Val Hisz

Clu Asp Ast Gly Pie

24%

Met Ser Rsn Ale Sor
265

Val Ser Ley Gla Glu

Vel val heg Gly Rsn
285
Gln Pro Leu Arg Hlu

Gly Slu Il2 Ser Glu
325

Asn Bsn €ly Bsn Tyr
343

Aspn Gln Thr Ile Rsn

Ae0

fre Ile

His Lys

Met Iie Rsa Lys Tvr

425

val Alz Val Ile Ser
(144

Thr
1
e

foeey
Leu
ALy

90
ASD

Arg
Gln
Arg

J1ue
val

T
2537
Yal

Erao

Sex
Gly
330
hz
Gly

Lew

Pho
410
Gly

Glu
Glu
Thxr
Sox

Gin

Rla

Met
Rsn
f|er
Eer
Ile
235
e

ala

Glu 1

rro
ys
215
Cya

Len

rhe
Gl
9%
ala
Arg

Gla

Thr

16

Ile
GLy
Aso
T
]

Lys
Phg

Len

bPro
300
ile

Glu

Ero
4ED

Azrr
Sln
ile
43

Hig

Zeu !

Thr
Ser
205
nse
Lsu
Cys
The
Arg

285
Thr

Lep
445
Ser

sy
30
Ser

T
Cys

Ser

Wal 4

190
rro

Thr

Ile

Val
270
Leu

Leu

ys
350
Lys

a Val d

Thr
Lew
Lys

430
Ser

Arg
15
Eer

Arg

Val &

Ran
3358
Axn

Glu

(176)

2 Val

240
Giu

PUTAISOL20153
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Rla
483
Giu

Tro
0%
hap

WO 0198361

Gly Pr

ELY
Tyr
Sly
Sex
530
pre
Thr
Dspr
Leu
hsp
61C
Lew
Glo
Als
Tyr
Cys

©20
et

val
¢ln

Gla

Bep
)

» Ile L

o Ile

<2103 57

<2L1>
<2l
<215

<400> 57
tguechtycaa
ascetotise
aacatoaegy
cacaecgetea
zagtcaggas
ataaacckgh

sor
673
Tle

Broo;

2607
DNA
Bome

Gl
500
Ghy

Leu

weu
(14
rhr

Tnx I

Thr

: Tyr

435
His

Ala

Fro

Phs
725
Pne

Val L

sapilens

attgbgtoctyg
coetactgga
acatctoaag
acgoegtgga
Lieggageot
caagtascoy gobcaccaca

Val
40
Phe
Zle

Phe

s Rsp

ALz
550
His

Lau

Brg

P Ber

G630
Eis

1 Ber

719
Cly

Gln

Yal 1

oo
Lys
Gly
lys
35
Arg
Glu

Ile

Glr
Bld

Gln

wyr
Yal
agh

Ile

MeT

600
Ala

Ber

Brg
Fe0
YD

s Lle

Gly

cugrasgact
agggoaggat
gaalatcact
catgsagele tacaceggac hicaaaagat
toagocaaga

Gly Met Thr Avg Ile Pra

Gly dis
430

z Arg Asp Tle Wal Tou Lys

405 510

Val 2hz Leu Bla Glu Cys
525

zeu Vel Rla Val Lys Als

s Asp Pho GIn Arg Glu Ala

Ile Val Lys Bhe Tyr Gly

¥zl Phe Giun Tvr Mat Lys
590
Gly Pro Bop Ala Het

Lys Giy 8lu Leu Gly Leu

620
Rla Ser Gly Met Val Tyr

Leu 2la Thr Arg asn Oys
650
Gly Rap Fhe Gly et Ser
665 70
Teu Phe Asr Pra Zer Gly
685

Giy His The Mot Len Bro
J00

Tyr Brg Lys Phe Thz Thr G

115
Tew Trp Gln

Asn Thr Glu ¥
745 [¢
Fru Arg ¥al Cys Pro Lys

Gln Arg Glu Fro Gln Gin
TED

795

gagatcaatt arcggeogyou
toagguasca gcaatyggaa
tecabacaca Layagaacty

gootttgoes agaacccoga
ctetogzgge sgotottoos

17

s Fro I

495
axg

Tyr

Len 1L

val
535
Ris

ggacgatgay
cgusaatate
gogeagtont
gscaatcaayg
thtgoghtat 3
gaegolygaygt

177)

Ala
840
Val

Asp

Leua

The
800
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WO 0198361

clicgggeat tgoagtoyga
sagetetuyge aggacscagoyg
goigatgget cecageticoo
atcagrglge gocasgicas
aatggototyg gatcacocot
aacactaace agacoaatet
aatgtgecga gtgaggacas
atgageaatq ceagtatige
Fagoctgegs tgcgsctgya
acgotgonst ggobgoacza
ractaccaag aggysgagat
gacastggca sctatacoat
aakgg oL tockoeagga
gasgtgag-y cgacaceice
grateostag cagtitggact
atgatcaaca aatatggtes
aglgytgagy
togtoactgy
gagaaccoco
cazattasga ggagmganat
gicttoetgy cocgagigcta
aaygruciga aggateocac
chegecsace Lgnagoataa
cecotoatea tggtotttys
cakgggoccay atgeaatgat
gggeictcec asakgcteca
goeack ttgbgoaceq
L<aggganit
eciottraate catotggaza
ctoootatte gotggatgse
gztgsatges gotieggogt
ttepsscteol gweacacyga
ctoogagbat gooncassga
cagsageqyt btgaacatoaz
cuastctacy kggacatlich
geotoctote
qaagogEaca
EELEEERGLERECPEEREERES

<210» 58

<211» 360
<212» DX
“Z13> Murine

<400>» 53

caggicraas tgeagcagis
toctgoangt otoctapota
actggasaty geentyagy
aztgagaag:t tcaagggoaa
abgezactca geagectgae
cgtaactact atggiaacta

<21l0> 5%
<21l> 330
<212> DA
213> ring

gragzacttc
ggaggezay
toctotteoyo
cotgacegla
tecngatgtg
gaactggace
tygelicace
colecactglc
gractgaato
tgggeagoat
ttreegaggge
cattgcocoaea
goeebbloca
tatoachgig
tgohgorttt
acggtocaza
cagoeeacky
cgacachubtyg
teagggacas
cogtgetgrag
caacctoage
cotggolges
geecabigbe
atacatgaay
cetbytygat
watbgovagh

cguealgioc
toattttigr
toatgraage
gazcctetgg
Ggl.caltgag
agtgtacgat
ggagatetac
tggutagiyy
acatcteect
aackcaagty
23B0CHC

toyguetaag
cacaticagh
gatbggagay
ggecacatho
atetgaggac
agtbotatag

ttrcaactgoa
ctoasuagis
atgaacataa
cgagaggghy
guctggatag
zatgtteoaty
clgacyg :

tactatoor
gagtttgtag
ctgogggagt
tgrelbgetel
BRCCCRACTGT
GagAYCaCyy
actoasadsc
goctgmgton
tthtagzataz
=C1 caton
gheattggea
aactgocaca
ogagaacigg
cogaccanyd
eganaqygatt
ttotatg
Tgyagace
ggacagCoac
cagaltegest
accaggaach
agegatgtet
atatggtotg
ateatgtzce
gagatctics
tgratidooo
gteoatgetog
toctoo

tceacotcoac

Tgatgeayc
aacttorgga
atettacety
actgoagats
totgooghet

ggocaRagqgys
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getgtgacat
agaaccicks
gtoagtgtga
acactgobge
teactgggot
coatcaactE
tigragagea
cacgtgtgat
tgogtagoaa
ceangsteat
Lcaacaagon
GCatageoRa
atazotitat
cogaagaags
tottogtagt
agggieccat
srosoggont
tgactegoat
agecggacas
gtgzcygzgo
acaagatgcok
Locagagos
gaglgtgngy
Tgaztaagtt
gucaggaraa
cagglatyut
gostggtiag
acagoacgys
a9gtgagnog
ggaagttoac
criatggasa
aaggtoghogr
ggtgotgaca
atgcEttogg
teatgaat
sentootice
alacaacact

ctggggocto
Tzgagtyggr
goagbgatza
caroctocaz
attactytge
ctotggtoze
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cogotagaty
ctgeatonat
cettentyag
tatcacthgo
ouegtoeats
gacgeTegty
cutogtygge
gagoetagay

coaganaata
ctbgtttgae
cacttitggy
totettegTo
ggctgtcate
vacoReyced
coctgbortt
gtatgtgoag
ckttggazag
totagotgty
sgecgagety
coatggggas
entcagggoe
gggiyagety
gtacorggeo
agcgaatchg
trtattacagg
arcacaccatg
tacagagagt
gragesatgy
triegagegg
gagygaaces
gaaggocace
atactotgkt
atcotbyact
gzaaasaggya

my-gaagata
azagcagagy
tactaactac
czcagonkas
aagadagadat
tgtetctges
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1320
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<401> 53

gacatictga tootgeticr ttagetgiat cictggggoa
atckcataca gggesageas aagtgteagt scatctggot atzgtiatat
caacagaasc taggacagoe acocagactc choaktotato ttoglatocas
gggyteacty ccagglicay Lggeagboyy antlosoeat
attgliggagy agyagygatge tgoaacctat T Anaktagdda
teggoicggg gacazagtiq gaszaascgy

<210> &0
<Z17» 361
<212> CHR
<Z13» Murine

<430> 67
cagrliooags > togagelgay
tectgeaagt clactgucta
cckggncaty goottgaghg geagtgatas
aatpagaagl tcaagggeaz gg: T &ChgTAC calcolecas
atgraacioa goagccigac atctgaggac totygcoogiot attactgice
cytaactact atgglaacta cgltetotyy ggoygcaggca

ctggggonta
gagtyggt
21

ctgatgnago
-

«210> al
<2ll» 321
<212» DNE
<213 Muring

<400> 61

cazatigbge bgececagte tecageaslc akgtetgeat ctoechggyga
ataacctgee gtgocagote sagbghasgt bacatgtact ggtteocagsa
acttoteocca aactabggat tratackzcz tocaaccigy crtctggags
Lheagtugoa gtggatolgy gseckortiac ko saz toagcoyast
galgeigece wibatiacly cvagoaavgy aglogilace ogoboacgli
accaagetgg aactaaascg g

LELDE B
«<Zli» 372
<il2> DWA
<Z13» Murips

<400 62

vaggtecage tguyyoigza ctggtgasge ctugggctic
tockgcanyy sacctieace agotactgga hgeastggot
cehygacasyg gattggagag zivtatecta geaacogghtog
aatgagaagt goecacactg actgtagacs astootocog

atgeaactea geagectgae atketyaggze tetgoggter attactgbge
tactacggha akagetatog thoctgghac ttogaighot ggggegcago
acagictoot oa

<210 €3
<221> 236
DHA
Marine

<400> 63

gecattutyge loaccceyic bocegotict thoactgtgt stctaggoca
abtctactgea gageueagoga seghbabttgat asttalggoa tLagtlttal
CAACAYRAAC CGagUAnAYen acoCiaatie ctealotalg chgeataosa

13
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gagggccace §0
geactggad
ctiagaa
maacakaoel
gottacaegt 300

agtaaagsta 60

aszagoagagy 120
tactaactac 180
cacagectac 240
aagzaagast 300
agtchoctes 360

gasyglionuee B0
Saagooayye 120
coctgotoge 260
guaggelcaa 246G
aggtgotagy 30C
izl

agtgaagc-g 62
gaagoagagy x2C
lan
cacegoctac 240
aagazaatat 300
caceacketc 3E0
372

qroggeLace B
qaactogtoe 120
araagyates 180
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sgggtocste
cetatygagy
acgtioggtg

«210> 64
«“Z1l:iw 381
<212> OMA
<2i3> Homo

<4302 &4
caggtycage

tacasccogt
teectgaage
cggatagoag
accacgotos

213> &3

<2ll» 330
<21L> DNA
<&l2> Homo

<400% BB

gaaatkgtgl
ctctootgoa
ectggeoagy
gacaggtica
cctgaagatt
GUCTREYGIR

<210> €9
<zlix 281
<Z12» OWE
<215> Homo

400> E4

cagutgoage
acchgractg
CayCACCoay
tacaacoogh
tocotgaag
ggELAYC
accacgybos

<210x &7

<211> 330
<zlgk DHA
<213> Homa

<400 6Y

geaattgtgr
ttctoctgea
Criggooags
gzoaggttcz
cotgaagett
ygooaaggga

coaggtibay
aggatgatae
gaggoanoas

sapiens

tycagyagte
“etutggtgg
asaagggock
cechcangay
Tgeaictotgt
cagotgghge
ccgteteate

sapiens

tgacguagbe
gagecaghcs
ctoooaggot
grgyeagugy
Ttgoagtgha
cALENTYGE

saplens

tgcaggaghe
tototgogige
A CETeists (xlxil
coobezagag
tgagelotat

gapiens

tgacguagic
gggecagtea

ckgueaggct o

ctgocagrey
ttgeagtgta
cacgactnga

tggeagtygy
tgeaatgtat
~tgyagats

gggeceagga
cheoatoage
ggagtygatt
Legagltace
gactyasyeg
ggactactac
a

tecaggeanc
gagtghiage
ookbcatcat
gtctoggace
“tactgteag
gattaaacga

GYYeICAYYI
cteocateade
ggaghagatt
togacttace
Ceglg

thactglcag
datlaaacga

: tacaacgy
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tctgygacag =cttzageoet csacatozat
ttcbtgicage avagtaagga gglicclogg

azacygg

ctgotgaage
aghggtogtt
gggtacaket
atatcagtay
ganacyyeny
basaacgott

nogtotetgt
agocaactact
guTgcatooa
gactiroactc

cagkatogle g

ctggtgacge
=4Tggtt
gggytaratct
atatcaglag
gacacgyooy

- chgtotibgh
> agracctaet

ggtgeatesa
gacticzatc
cagtatagta

20

cikoacagac
actzctgueg
thtaczaotygg
agacgtctaa
tgratrtactg
tggacgtety

ctecaggoga
tazcctggta

cticacagac
attattggag
atctecaghgy
AUACYLOLAA
tytattacky

L tggoogteby

ctoragggoa
tageoctggta
geagggoean
tcaccatceg
ggloarctes

cotgtocootae
chggetoogs
gaggacelas
gaatcaghie
tgogagagag
FggecIngqgyg

aagagceact
Ecﬂgﬁﬂk}ﬂﬂﬁ

grstegag
teacotic

coighrocte
czggatcege
GRYCaCCLar
gaaceaqtie
tgcgagageg
gUQeeaagoa

aagageract
cragragaza
tggocatecee
cagackygsg
yatcacotis

24C
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<210n 6B

<ZAk> 3H4

<212» DNA

<213>» Home sapiens

“4Q0n BB

caggtyoags tgoaggagtic $gUcesayya otygtgnage ettcacagan ectgrocete 60

acectgeacty totctygtgy otoczteags aghogtgott actactggag ctggatooge 120
cago ag ggaagggect ggaghtggatt guytovatet attevaghgy gagcaccoac 130
ticaaccegk coolczagay tegag co atatecagiygy acacgietaa gaaccagtte 240
tucctgeage tgagetetgt gactsoegop gaczzggeeg lybtaltastg tacgeyagul 320
cgggariato atagtscegy ggallacltac tectaclscy otatggacgt ctggggocas 360
ggoancaneg fcacsgieta otos ELT

[}

<210> B3

<21h» 324

<?1z> DNA

<213> Homo sapiens

<435 69

gatatecaga tgacceagbe tooatogtcs otgtotgeat ctgtaggags cagagtoacc 60
atoacitgon gggoaadgtca gggoattags aatgatttag gocggtatca goagaaacoa 120
gggaaaqgooe ctaagogoect gatckatgeot goatecagtt tegcazagtgg octcoccatca 1L
agglteageg goaghggale tggyecagas thoactekos caateageag cobgcagoct 240

gasgatltty caaciittba g catgataghc trecgotoze Lbteggogga 300
gugaccasgg bggagatces 324
<z1lC> 70

<2il> 334

<212> DHNA

<213> Home sapicns

<490 70
caggtgrage bycagsagin chyotyagac agec cctgtecote &0
acuigoacts febotygteg actlaclacl ggaeciggal CogQeAGE 120

goerigasgy gactggagty gatt atctataces gtgguagsae cazctacasc 180
cectonetea agaghogagt caceatgtca ¢haganacgt ccaagaaces ghtotoceoig 240
aagohgagal cighgecour cgogmacacg goegtgiall aclgtgogeg agatgoggge 300

.gtaace ctlbifpacta cigg agascoctgy Coaceglets stea 354

saplens

tgaccoagtc tccagacteeo ctggeigigt ctetgggogs gagggeocace 0
aglerzguea gagtottlca Lacageices acactaagas ctactiagct 120
tggtaccags agasacetgs acagecicot aagetgotor Sthacidgoe atctaccegg RO
gaatecgges tacctgaccg aakcaghogs agegsghchg goacay: t cactctoace 240
stvagrageo ggotga agatgigges gtttatbact ghcascaaca thatsatact 300
ccaclteaclt boggogoagg gaccaaqgety dagatcasac ga 342

<2102 72

<31L> 21

<Z1Z» DHA

<213> Artificial $eguence

21
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<220
<2Z23» Synthetic oligeonuclecktide

<4QCs 2
cagragacca aggtentgun 2 21

<210> 73

<Z11» 13

<212> DHA

<213» Rrtificial Sequence

<220»
<2332 Synkhetic oligunuclevlide

<400> 73
agogqyaacy ohotgagty 19

<2102 74

<Z1.» 22

<212 DHA

<213» Axtificial Scquancs

<220»
<223> Zynthetic cligomaclectide

<Ln0> 1
agocigitggt gotgogccay aa

5]
~

<Z10> 78

<21. 21

«<Z12> DNA

<213 prelficiel Sequence

HZ20n
<223> Synthetic oligonucleotide

<400> 75
tocattgasy accralicga © z1

210> 76

<211> 1%

<E12> DR

<E13» artificial Zeguenae

<220
<Z23» Synthetic oligonucleotids

400> 16
gecyacatty gotgtgaze 19

<21l0> 37
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<400> 77
aggatgacty ggoagohbtgg toca

«210> 78

<Z31x 20

CAIRE LA

<213> Artificial Sequenve

220>
<223>» Synthetic oligonucleotide

<430 TR
cagoceanng caccatatca

<210> 32

<dlax L8

<212% DNA

<213> Artificial Seguence

<220
<22%» Syrthetlc oligenvclestide

<a0I» 72
ctgtatcogg wecugcat

<210> 20
<Zli» 27
<21li> DHA
<213» Arti

a2l Semnence

<220
<223> Synthetic cligonuclentide

SiCax 80
ccatggoate motacscott categeb

<ZL0» Bl

€211% 21

<Zl2> DNA

213> Artificial Segusnce

R0
<223> 3ynthetic oLigonuclectide

<4060> Bl
tgggasastt gagatggoag a

<210> 02

<Z2Lin 28

<21Z> DEA

<213> Artificial 3eguenca

<220
<223> Synthetic oliganusiactids

<400 82
gobgostgaa goacaasagy
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<210> 83

<z2liy 2¢

<212> DEA

CZ13» Bplificlal Seguence

Ry b
<223» Synthetic oligonuclestide

<408> 83
cgeagatecel gooaaccgea yaga

<21Gx 84

<211» 23

<217y DNR

<213> hrtificial Seguercs

<220>
<223% Synthetic oligonucleootide

<400 D4
ganaccacte ttgtggaaans too

<210> 33

<Z21ll» 21

212> DEA

<Z13» Brtificiasl Seguence

<220>
<Z23> Bynthatic oligomicleotide

<40C» 85
thgoeaassn aagacocsace a

<210> 84

<Zll» 2¢

<212> INA

<213 Briificlal Seguencs

<228n

<ZE3>» Syrnthetic olig leckide

L4005 BE
stcggaczce zrobglagey agyace

<Zl8» BY

<2ll» 21

<Z212> DER

<213> Brtificial Sequence

Rty

%223» Synthetic oligonuclectide
<4Q0> 87

cagtggouze giggagettg t
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<213» Briificial Sequence

22202
€223> Synihebic oligonusleotide

“4O0Ur BB

aattiguogt gagiguagte 2]
<210 BY

211> 26

€212 DEA

<213» Rrbificizl Sequancs

<2Ey
<223 Synthetic cligorucleotide

<4Q0> B9
ceataeacys cocattcatt gaccte 8
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WO U109B36L PCT/US01/20153
AGONIST ANTI-TRK-& MONOGEOMAL ANTIBOBIES

Bachground of the Invention
Fieid of the (avention
This invention concerns agenist anti-itkC manoclonal antibodies. It turther concems the use of the aganist
antibodias in tha prevention andfor treatment of cellufar degeneration, inchudfing nerve eell damage essociated with

ocuts nervous call system injery and chronic netradegene rative tiseases, including paripheral neuropathy.

Deseription of the Related Art
Neurotrophing are 2 family of small, Lasic proreins, which play & ervcial role in the devalopment and
maintenance ef the narvous system. Tha first denlified amd probzhly hest underssood mamber of this family i nerve

neawwth tactar (NGF), which has prominent effects on developing sensory and hetic neurons of the parip

nervous sysiem (Levi-onialsing, R. and Angetetti, P.U., Fhysinl. Rev. 48, 534-669 [1988]; Thoeian, H, f o, Rev.
Physjol. Biochem. Phammacol. 109, 145-178 [1387]). Afthough NGF had bepn known for a long tima, including a
Tinining frum the mousa submandibuiar gland, the mattire, active farm of which is often refcrred ta as - or 2.55 NGF,
it was ouly many years later that sequentially related but distinct palypeptidas with similar functions were identified
Tha first in line was a factor called brain-derived newrotraphic factor (BDNF), which was cloned and
sequenced by Lsibrock, J. of & {Nature 341, 145-152 71989]L This tactor was originally purified frum piy brain
(Bardg, V.A. er af, EMBE J. 1, §49-553 {19821}, but If was nnt until its cDNA was cloned and saqusaced that its

homulagy with MEF heeame apparent. The averall amina acid sequence identity berween NGF and BNDF is abaut
40%. In view of this finding, Leibrock et al. speculated that thare was na ceasen tn think that BIKF and NGF should
be the aniy members ot a tamily of neurotrophing hiaving in cammen strvetural and functions! charactetistics.

indeed, forther naurotrophing closely refated to -MGF and BEINF have sinve been fiscoverel. Several groups
identified » neurotrophin eriginally called neuronal factor (NFJ, and naw referred to as neutotrophin-3 (NT-3) Emfors &t
4/, Proc. Netl. Arad. Sei. USA B7. 5454-5458 (1890% Hiha er of, Nature 344, 339 [1990); Maisanpierre of &,
Suience 747, 1446 11880); Resemthal o7 af, Neuron 4, 767 119507 Jones and Reichardz,men. Hatl. Acad. S, USA
87, 3060-80154 [1990]; Keisha of 1, FEES Lett, 266, 187 [1990). NT-3 shares atout 50% of its aming acids with
hath -fIGF ard BOAT (NT-2). Newrotrophins4 and -5 {NT-4 and NT-5}, have bean addad ta the family {U.S. Patent Ma.
£,364, 761 izsued Movamber 15, 1994; Hellwank, F. ef af, Neuron B, 845-858 [1801): Berkmeier, LR, ot af, Newron 7,
$57-566 11981): !p ef 24, Proc. Natl Acad. Sci USA 5. 3060-3084 (1992)). The mammalian melecule initially
described by Berkmeier 2f 51 supra, which was subsequantly seen to e the homolog of Xenoous NT-4, is usually

referred to as MT-445. In addition, there i an acidic homalogows protein described in mammals which is referced 10 as
NT-& {Berkemsir, sf 4/, Somat. Eell Mol Gonet. 18(35:233-245 11982]L. Mora racantly, another homelogus protein
from the fish, Xjpitaphors has alsu beea laheled NT-B (Botz 2f a4, Nature 372-2F6-269 [19931). There are two

proleins desnribed in the fitarature as NT-7, o2 cloned fram the carp, Lypriaus, (Lai, af &L, Mol Cell. Hewrosci, 15(1-
1-
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2):64-76 119981} anc onw Tram the zebrafish, Danio (Nilsson of of, FERS fottors 424(3]:286-80 [199€].. Mene of thess
last three deseribed fish newrotrophins has heen described outside fish, and their relationship to sny mammatian
nauratiaphing is unclear.  The aming acid sequence of zebrafish neurotropiin-7 |2NT-7) iz mora closely related to that
gl fish nerve geowth factor INGF) and neurotrophin-6 INT-61 than to that of any other neuratrophin, ZNT-7 s,
howaver, equally related ta fish NGF and MT-8 (65% =nd B3% amino arid sequance idantity, respertively) indicating
thart it mprestits a distinet neurotrophin sequence. eNT-7 containg 2 15 smino acid residue in a beta-tuen region in the
middle of the mature protein. Recombinant zMT-7 was able 1o Lind To the humian p75 neurotrophin receptar and to
induce tyrusine phosphorylation of the rat tikA rageptor tyrosine kinase, albeit (ess efficiently than rat NGF. NT-7 did
fiot Tntazact with rat trkB er trkC, indicating a similar rexeptor spegificity as NGF_ We prepose that a diversification of
the MAF subfamily in the naurctrophin evelutionary tree octurred during the evolution of teleost fislies which in the
appearance of several addiional members, such ws zNT-7 and NT-6, is strocturaily and functionally related to NGF.

Neuratrophins, similarly ta other polypeptide growth factars, affect their target cells theough interactions
with call surface receptors. Accarding Lo our current knowledge, twe kinds of Transmembrane glycoproteins serve as
receptors for nearatrophing. Equilibrium binding studies have shown that peurotrophin-fesponsive nouruns passess @
common lav moleculas weight {65-80 kD), low affinity reeptur [LNGFR), also termed as p?5*™* o p75, which binds
NGF, BONF, and MT-3 with a K, of 2 ¢ 10" M, and large malecular weipht (130-160 kDa), figh atfinity iKy in the 0"
M) receptors, which are memhers of the ik family of the receptor tyrosing kinases.

The first membae of the trk receptor family, irkA, was initially tentified as the result of an oncogenic
transformation caused by the trauslucaiion of frapamyosin sequencas onto its catalytic domain (Mardn-Zanea et 2/,
Tlol. Cell, Biol. 9i1):24-33 [19091). Later work itentiiled trkA as e signal transducing receptor for NGF. Subsequently,
1wa other related receptors, muuse and rat tridk {Kigin 7 &7, EMBO J. 5, 3701.3709 [1988]; Middlemas st o/, Mol.

Lall. Bio), 11, 143-153 [18911; EP 455,460 published 8 November 1391) and poreine, mavse and rat #1kC iLamballa g
21, Gell 68, 967-970 |1981; EP 522,630 published 13 January 1993, wore identified as manbers of the tri receptor
family, The structures of the trk receptars are quite similar, but aernate splicing increases the complexity of the
family by piving rise to twe knawn forms of trkd, theee known forms of trkd ttwo without functional tyrosing kinase
domains) and at Yeast lour forms of trkC {several without functional tyrosine kinase damein, and two with small
inserts in the tyrosing kinase domaln).

The role of the p?5 and trk receptors is contravorsial. It is yenerally accepted that trle receptor tyrosine
Kinases play an impartant role in confarring binding specificity to & particuler neurotwrophin, however, ccll fines
expressing trkA bind ot enly MGF but alsg NT-3 and NT-25 {out not BBNF:, kB expressing cells bind BOWF, NT-3,
NT-4, and NT-3.5 (ot not NGES, in contrast to trkG-exquessing cells which have been reported to hind NT-3 alone fut
nat the ather neurctrophins). Furthermore. 7t has ficen shawn in modal systems that the various forms ol trk
receptors, arising from alternate splicing svents, ran sctivate differant intacelluler signalling pathways, and therefore

presumshly mediate differant physiologival functions in vivo. 1t is onclaar whether cells expressiog @ given trk receptar
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in the absencs of p75 bind neuratraphins with low or high affinity {Meakin ad Shoater, Trands Newrasci. 15, 323-331
{1992)).

Published results of studies osiog various eell lines ore confusing and sugest that p75 is sither essential or
dispensable for neuratrophin responsiveness. Call linas ihat express p75 alane bind NGF, BDNF, NT-3, and NT-4 with
similar low affinity at eguilibrium, but the binding rate cunstants are remarkably differant. As a result, although p75-
hinding is & common praperty of all neuratroghing, it has been suggested the p75 receptor may also glay arolcin figand
discrimination (Rodriguez-Tebar et ai, EMBO . 11, 917-822 119921, While the Bk recaptars have been traditionaily
theught of as the biologically significant Reuratraphin receptars, it fas recently heen demenstiated that in melanama
cells devoid of 1ikA expression, NGF can still eficit prafuund changes in biological behavior presumably thiough p75
{Herrmann of &%, Mal. Biol. Cefl 4, 1206.1215{1983]1. Davies of &/ {leuron 11, 565-574 [1993]] reparled the resufts

of studies investigating the role of p75 in metiating the survival response of emiryanic Aeurans to neurctrephing in a
madel of fransgenic wice carying @ null mutation in the p75 gene. They found that p75 enhances the sensitivity of
NGF-tependent cutaneous sensary nzurens Lo NGF, Thers hava nows besn many studies showing that p75 is capable

of mediating 41 [east soma of the hivlogical effects af the s hing. The field is s81l Ivat contraversial, But

075 signaling has been implizated ia controlling cell death, ard neurite cuigrowth, {Barker, PA, Gell Death Diff. §:346-
356 [1988]; Bredesen ef o/, Cell Death Dilf. 5:357-364 [1998); Casaccia-Bonnefil, of af, Cull Death Diff. 5:367-364
[1998]; Ranul & &/, Curr. Op. Neurobiul, 10:111-117 [2000]; Davies, AM, Curr. Biol. 10:RTS8-RZ00 [2000].
Impartantly, stimulation of p75 has been shown to madify the effects of stimulming trkC (Hapner, f a1, Devalopm.
Blol. 201:30-100 {1898]).

The extracellular damains of full-length native trkA, trkB and trkC receptors have five functional domains,
that have heen defined with refevance to hamalogous or otherwise similar structures identified i various other
prateine. The domains have heen designated starting at tie f-terminus of the aming acid sequence of the mature trk
receptors as 1) a first cysteing-righ donmin wxtending from amin acid position 1 1o about aming actd position 32 of
fumen 1A, from amino 2cid position  to about amino acid pesition 36 of hurnan rkB, and from aming acid positian 1
1¢ about aming gcid position 48 uf human (rkC; 2) & lsugine-rich demain stretching from about amine acid 33 ts ahoot
amino acid to ahowt eming acid 104 in tkd; from about amine acil 37 (o about amino acid 108 in trkB, and from
about aming acid 49 to ahaut aming acid 120 in trkC; 3} a second cysteing-rich damain from about aminn arid 105 to
about amino acid 157 in rkA; from about amine acit 109 1o ahuc aming acid 154 in 1tkB; and from about amino acid
121 to about amino acid 177 in trkC; 43 a first mmunogtabutinlike dumain stretehing from about amia acid 178 to
abaut amin acid 234 in tekA; from ahowt amino acid 163 to about zmina acid 239 in 1kE; and from about amin acid
198 tp about amino acid 257 in trkC; and 5) a second immannglubulin-like domain extending from ahout amino acid
264 19 about amino aeid 430 in trkA; from aboul amino acid 270 to ahout arino acid 334 in trkB; and from about
amino acid 288 to about amine acid 357 in rkC.

Neurntrophing axhibit actions on distinct, but overlapping, sets of peripheral and eentral neurons. Theze

effeets range fram playing a crucial role in ensucing the survival of developing neurens NG in sensory and
-
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synpathetic nesrons) to refetively subitle effects on the marphaloyy of pewsns INT-3 on purkinie cellsl, These

aclivities hava led ta interast in using neurotrophins as of certain neurod

g lvz disenses. NT-3 fias
aiso bheen found o promnte praliteration of peripharal blood leukoeytes and, as a result, it has been suggested that NT-
3 cen be used in the treatment of neutropenia, infactious disease and tumors (U.S. Fatent Na. 6,015,552 issusd on
June 18, 20003

The roles of nevretrophing in requiating and

tha vascular respanse in
infusry have ziso been investigater {Donovan af 27, Maiure Genetics 14:210-213 (1998); Dunovan et 2, A.l. Path.
147:309-374 (19951 Kraemer ef af, Atterinl, Thromb. and Yasc. Bicl, 19:1047-1050 {1999).  Newrolraphins have
been dascribed as potential therapentics for requiating anginpenesis and vaseular integrity {PCT Publication WO
00'2441%, published May 4, 20005

Daspite Lheir pramise in the treatrient of cellular degeneratian, such as occurs due to neurodegensrative
disease and acirie neurenal injuries, and potentially anpiogenesis, neuratraphing have several shoricomings. Dne

significant shartcoming 15 the lack of specificity. Most nevrutrophins cross-Teact with more than one receptor. For

sxampla NT-3, the preferred ligand of the thC receptor 1yrasine kinase, also binds to and activates trkd and 1B
{Barbacid, J. Neurobial, 25:1386-1403 (1994}, Barbarcid, Ann. New Yurk Acad. Sci. 786:447-458 [1595; Ryden and

Hauron 21:325-334 (19981} As a resuft, it is difficutt to devise therapies that taret @ specific pepulation of nearons.
Anather limitation of newrotrephin therapy is that neurotraphing, including WT-3 are knowin to elicit hyperalgesia
(Chaudhry, of 2, Muscle and Nerve 23:189-192 [20000). In adgition, some neurotruphing such a5 NT-3 have poar

ic and bioavailability ies in radents, which raise serious questions ahaut their human glinica!
applications (Haase ef af, L. _Newrol. Sci. 160:597-5105 [1998], docages used in Helgren &7 &, J. Neurosei,
1711:372-82 [1997), and data below),

FRecordingly, there is a grsai need for the development of new therapeutic agents fur the treatment of

nesiradenenerative disorders and acate nerve ceff infurfes that are devoid of the known shorizamings of newratrophing.

Summary of the invention
The curtent invention is bassd on the development and characterization of agonist anti-trkC: manaclonal
antibodies, firceled against epitopes in the exiracellular domain of UkE receptor, which mimic the biolagical activitios
of MIT-3, 1he natueal ligand of 1k roceptor it ar frae of seme of the known detriments of KT-d. The invention alsa

emeonstrates the usefulness of these agonist antibmdies i thy treai of neurnpathy in an exparimental snimal

madel. Anti-trkC agonist entibadies offer numeraus advantages over NT-3 in prophylactic or therapsutic traatment of
callular deganaration, such as nerve cell daniage, in partieolar norve cell injury assuialed with neurodagsnerative
diseuses, such as peripheral neuropathies ar duc o extenwal Tactors, such as traumia, Laxic apents, surery, just to
mention a few.

I are aspact, the inventian cancerns an agenist anti-ukC moneclonal antibady which
4
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(@ shows no significant cross-reaclivity with tieA or 2rkB; and
(b Tegognizes an epitope in domain 5 of 1rkC.

Cartain agonist antibodies of the present invention may additionally recognize an epitope in domain 4 of trkC.
In a prefarrad embediment, the antibodies bind bath human and rodent (6.g. rat or mouse) tkC, and may be muarine,
chimeric lincluding humanized} or human antibadies. The antibodies mimic at least one activity of the native ki
ligand, NT-3. and may thus be effactive in the pravantion andfor treatmient of varicus disesses involving cellular
degeneration, including, for example, neuropathics, such as cisplatin- or pyridoxine-induced neurapathy, or diabetic

nearopathy, and {where celiclar degeneratian invoives bune marrow celt degenaration) diserdars of insufficiant blood

calls, such as laul ncluding eosi ia andior hasopenia, lymphopen jia, and ia. Ina

particularly preferred ambodiment, the agonist antibodies of the present invention shaw superior properties over NT-3,
fer example, da not cause hyperalgesiz when administered to a patient, have increased bioavailability andfor higher
spacific actiity as camparad 1o NT-3.

In anuitwer aspect, the invention concerns an anii-tkG antibody heavy chain comprising the followinrg COR's:
a COR1 selected from the group consisting of SEQ 1D NOs: 1, 3, 3, 4 and B; a CORZ seloctad from the group sonsisting
of SEQ 1D KDs:- B, 7, 8,9, 10and 11; and a CDR3 selected from the group consfsting of SED N Ads: 12, 13, 14, 15,
16and 17.

In yel anether aspect, the invention concerns an anti-rkC antibody Yigit chain samprising the following
COR's: a GDAT selected from the aroup consisting of SED 1D NOs: 18, 18, 20, 21, 22, 23 and 24; 3 CORZ selected
fram the groug consisting of SE0 12 NOs: 28, 78, 27, 28, 29 and 30; and a GOR3 selected from the group consisting
of SEQLID NOs: 31, 32, 33, 34, 35 and 36.

In a fucther espael, the invention concerng a murine anti-rkD antibody heavy chain camprising the fullowing
CDR's:

ial 2 CORY of the femuta XaaWiaaXaaWVK (SEQ D NQ: 37), wheroin Xaa at position 115 For ¥;
¥aa at position 3 is | o1 M: and Xaa at position £ is Ear H;

ih} & CDRZ of tha farmula ElXaaPXaaXaaXaaXaaTNYMEKFKXaa 1SEN 10 NO: 38), whergin Xaz at
position 3is L or Y: Xaa ai position 575 & or §; Xaa at position 6 is S ar N; Xea at position 7 is D ar G; Xaa at pesition
Bis ¥ or R and Xaa a1 pasition 16 is G or §; and

fo} 4 GDR3 of the formuta KNRNYYGNYVY {SEG 1D NO: 12} or KYYYGNSYRSW/YFDY (SED ID NO-13).

In a still further aspeet, the invention ralates te & humar antitrkC antihody heavy chain sorprising the
fallowing CDR's:

lai a LDRY of the formula XaaXoakeaYY¥Xaa (SEQ 10 NO: 39} wherein Xaa at position 1i3 S or ik

Xaa al pusition 2is G or §; Xea at position 3 is G, T or V. and Xaa at pesition 7 75 § or {:

(] 8 CURZ of the fomula XaalXoaXaaSG8XaaTXaalPSLKS (3EQ 1D NO: 40), wherein Xaa 2t position
133 ¥ ot B; Xaa at pasition 3is ¥ or F: Xao at nnsition 4 is Y or T; Xaa at pasition 8 is § or R; ad Xan at position 10
isNorY: and

5

JP 2004-500873 A 2004.1.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

23

(195)

Wi 01/098361 POT/US0I20053

it} a GOR3 of the farmula selacted from the group consisting of DRDYDSTEOYYSYYGMDY (SEQ 1D
W0: 14}; DEGYSNPFD {SEQ 10 NO: 15); ERIAAAGKaaDYYYNGLXaaV (SEQ ID NO: 41), wherein Xsa at position & is A
ar Tand Xaa at positien 16is D or A.

In another aspcet, the invention cangerns an auii-trkG agonist monocional
antibody comprising & heeyy chain comprising the CD's of the muring anti-trkC antibady heavy chain af claimi 12
associated with a fight chain, The antibody preferably is human or comprises human framewark residugs, and
preferably shows no significant eross-reactivity with trkA or trkB. Throughout the applicatian, antibodies are defined
in the broades sense, and specifically inclurle antibody freamant, such es en Fv fragment, Fab fragment, Fab" or Flah'y
trapment. Amtibodies of all classes and isotvpes arg included, but 196, in particular 1gG-2 and IgG-4 are prefered.

In yat another aspecs, the invsption concams isolated nucleic acid encading a murine or human anti-tricC
aqonist antibody heaty or light chain, or a fragment thereof. In a specific embodimant, the nucieic acid is & Guelzic
acid molecule depesited with ATCE on June 21, 2000 under an acressien number seiectes from the group consisting
of PTA-2133, PTA-2134, PTA-2135, PTA-2138, PTA-2137, PTA-2138, PTA-2139, PTA-2140, PTA-2141, PTA-2142
and FTA-2143.

I a further aspect, the invention caacers a vector camprising & nucleic acid mplscula prcoding an antibaly
heavy and'or light chain ag herainabave defined. The invention also concerts cells fransformed with such nucleic acid.
The invention fusther concarns hybridoma cell fines transformed with such nucleic acid and antibodies produced oy
such hybridoma galls,

Ir 2 still further aspect, the inventian ecncems a pharmaceutical composition comgrising an effective amount

of an agonist anti-tdC monoclonal antibody as hereinsbove defined in admixture with & plarmacestically Aeceptable

EaITIEr,

In another aspect, the inveation cencerns a method for treating a «isease nr condition invalving ool
degenerstinn, comprising administering to & mammal an effective amount of an agonist anti-kC antibody diseiosed
herein.

In yet another aspect, the iovention contems a meshod for tredting a neuropathy or neurndzgenerafive
disease, of repairing a daaged serve coll comprising administering to a mammal an effective amount of an agonist
anti-irkC antibody discloser berein. The neuropathy may, for example, b2 a peripheral neurapathy, including, withaut

limitation, dighetic neuropathy wad largediber seasory g5, The naur e disease may, for example,

be amyoirephic lateral scierasis {ALS), Alzheimer's disease, Parinson’s disease, Huntingtan's dissase. The damaged
NewroRs may be peripheral, such &3 sensory, e, dorsal raot ganglia neurons, mator neurgns, &.g. neurans from the
spinal cord, or cantraf newrans, and the injury may be due 1¢ & variety of extoral and internal fawtors, including
trauma, exposure to nesrotaxin, matabolie diseages, infectious anents, vie.

In a further aspgct, the invention ceacsrns a method for promoting the development, prolifarstion,
maintenance ur reyeneration of peripheral neurans, comprising contacting sich neurons with an cifectiva amount of an

entibody of the presant invention.
-G-
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In & still further aspeet, the invantion concerns a methnd fur the traatment {including prevention) of a dissase
or condition invakving call degenaration in a mammafian subject by introducing muclaic: acid encoding an antitrkl
amibody herein into & cell of such subject. The metherd {pene therapy) preferably concems the treatment of 2
newropalfly or neurodegensrative disease, or reperation of a demaged nerve cell. Accordingly, lhe recipient cells
preferzhly are narve oalls.

In yet another aspect, the invention concerns defivery vehicles cantaining genetic. materlal {nucleic acidy
encading an anti-trkC antibody suitable {or gene therapy use,

In an additional aspect, the inventinn concerns a method of inducing angiogenesis by delivering an anti-rkC
antihody of the present invention in an anunt effective to induce angiogenatis. The delivery specifically includes the
administration of the antibodies and the delivery of nucleie acid encoding the antihadies {e.p. in gene therapyl,

In yet another aspest, the invention runcerns an izolated nucleic acid molecule encoding a muring o human

anti-1rkC agonist antbody heavy or light chain selected from the group consisting of SED 1D NO: 58, SEQ 1B NO: 59,
SEQ 1D MO: 60, SEQ 10 NO: 61, SFC 10 NQ: 62, SEQ 1D NO: 63, SE0 1D NO: B4, SEQ 10 NO: &5: SEC 1D NO: 66; SED
101 ND: 67, SEQ 10 N0: 68, SEQ ID ¥Q: 69, SEN [D NO: 70 and SEQ 1D NO: 71. The present invention glso concems 2
polypeptide encoded by cna or morc of the isnlated puclsic acid mofecules.

In anothar aspest, the invention concerns a whole cell transformed with nuclele acid encading murine o

human gnti-trkC agorist antibedy heavy chain, fight chain ar boih heavy amd light chisin.

Brief Qeseription of the Drawings

Figures 1A- shovs agonist activity of variaus hunan (A and C} and murine (B and O} monocfonal antihodies
against tekG receplor demonstrated using KIRA (A and B and PC12 neuriia outgrowth assay {€ and 0. Protein &
puritied manocional antibodies were diluted to 27 pohnl in KIRA stimulation butfer (F12/DMER 50:50 cantaining 2%
bovine serum albumin [BSA, Intergen Co., Purchase, NY) and 26 mM Hepes, 8.2 pm filtored), The menacionsl
anibodies were then diluted 1:3 (3 dilutions fatal; cancentrations ranged from 0.01-130 wM Nab) tn stimulstion medie.
BD-transfected CHO calls (5 x 10° cellstwall} were then stimulated with either NT-3 ar Mab {dilutions assayed in
duplicate) for 6 fours and the assay was rumpleles as deseried in the sxemples (Fig- 14, fuman fahs; Fig. 1B,
murine Mabs). Tha purified Mabs were assayed far agonist activity In the PC1Z neurite autgrowrth assay as described
in the examples. Ret PC12 eells wore transfested with fulklangth humen trkC and the eells plated at a density of
1000 ecellsfwvell. Thres days Foliowing transfection, the Mabs were added in tiplicate (concantrations ranging from
0.0002 to 2.7 nf} u the wells containing the UKC transfactants and incubated for an additianal 3 days at 37 °6.
The calls wera ttien anglyzed by phase contrast micrascopy and celis with newrites exceeding 1wo-limes the diameter
of the cell were counted.

Figure 2 shows that ayonist anti-trkC niorclonal antibndies bind spacifically to irkC using B.1.2 antibody a8

a representative example.
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figure 3 demenstrates that agonist anti 1rkG monoclnal antibodies recognize human (kG more efiicietly
than vat trkC.  The ability of the monaclanal antihadies to bind rat trkC was determined using an immunoadhesin
construc of the receptor. Trk (human (rkC-gD or rat 1kC-lpG) was immobilized on microtiter plates (180 uolal
pofml sokution diluted in G0 mM carbomate huffer, pH 9.5] cueright. The plaies wers washed and tlocked. The Mabs
were then diluted to 1 pgiml in PBS wontpinig 0.5% BSA and 0.05% Twean 20, added to the appropriate wefls {100
pliwedl}, and incubited for one hour al raom temperature. The plates were washed and the approprizta RRF canjugate
was added {human Mabs: goat antifuman x-HRP, 1:5K; muring Mabs: goat anti-molyG (FCkHBP, 1.5 K and
incubated far one hour at roam temperatare. The plates were then washed, developed and read.

Figura 4 shows a representative example of epitope mapping using competition ELISA. A biatinylated human
anti-trds 8.9.2 monecional antibody was ingubated with immebilized (kG in tha ahsanca or presence of excess of
varinus unlabeled anti-trkC monaclonal prtibodies.

Figure 5 summarizes the results of epitope mapping usiay carmpeticion ELISA.

Figures GA-C shaw a schematir; diapram of various wkC chimera (A} and their usa in mapping of spilepos on
1kl revegnized by various agonist buman [B) and murina (G} anti-irkC monncional antibodies,

Figure 7 shows aminu acid sequence af human trkC demain 4 and § showing residuss that were fargeted fur
mulagenesis to deciphar theiv roles in recognition by agonist anti-tk€ monaclonal antibadies.

Figure 8 showe 3-dimensional ribbon diagram of 1kC in compiex with anti-kC manoclonal amiodies.
Spexifically shovm are the amina acid residues of kG 1hat are bkely ta play an ivportant role in recognition by CORs
of anti-trkG antibodies.

Figure 9 shows the aminp acid sequence of 1716 heavy ehain variable &, region from muring and human anti-
ki egonist maroclonal antibadies. in addition, the thres COR regions ICDR1, COA2 and COR3) are highlighted in
batd.  The amino acid sequence of COR3 of the 2250 and 2253 heavy chain iz SEG 10 NO; 1. The amina scid
sequence of EDR1 of the 2256 haavy chain is SEO 10 NO: 2. The amino acid sequence of CORT of the 6.1.2 and 2345
heavy shain is SEO 1D KO: 3. The aming acid sequence of GORT of the 6.4.1 heavy chain is SEG I ND: 4. Tha amina
aeid sequence of COR1 of the 2348 heavy chain is SEQ ID NO: 5. The amina acid sequence of COR2 of the 2250 and
2203 heauy chain is SEQ 10 NO: 8. The amina seid sequence of COR2 of tha 2256 lieawy chain is SEO [0 0; 7. The
amino gcid sequence of CORZ of the 6.1.2 heavy chain is SEQ 1D ND: 8. The aming acid sequence of CDRZ of the
G647 heavy chain is SEQ 1D MO: 8. The amikn scid sequience of COR2 of the 2345 heavy chain iz SEQ 10 NO: 10, The
amino acid secuence of COR2 of i 2340 heavy chain is SEQ 1D ND: 11. The amina acid sequence of COR3 of the
2250 and 2253 bwavy chain iz SED 1D ND: 12, The aming acid sequene of GORS of the 2256 heavy chain is SEQ 1D
NO: 13. Tha amino acid senuence of COR3 of tha 6.1.2 heavy chain is SEQ 10 NO: 14. The aming atid sequence of
CER3 of the B.4.1 heawy chain is SED [0 NO: 15, The amio atid sequence of GORS of the 2345 heavy clgin 's SEQ
1D NO: 16. The amino acid sequenee of COR3 of tha 2342 heavy chain is SE0 1D NE; {7,

JP 2004-500873 A 2004.1.15
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Figurg 10 shows the aming acid senucace of the light chain variatle {4, ragion from muring and human anti-
trkC aganist manoclonal antihadias. In addicion, the three CDR regions [CORT, CDR2 and CDA3) are highlighted in
bold. The amino acid scquence of ZORT of the 2260 ight chain is SEQ 1D NO: 13. The aming asid sequence of COR1
of the 2253 kight chain i3 SEQ ID NO: 15. The amino 2cid sequance of CORT of the 2256 ligtt chain is SEQ 1D NQ: 20.
Theaminn acid sequence of COR of the 6.1.2 light chain [s SEQ 1D NG; 21, The amino acid sequence of CDR1 of the
B.4.1 fight chair is SEQ 10 NO: 22. The aming acid sequence of GIRY of the 2345 fight chain fs SE 1B ND; 23. The
amino agid sequence of CORY of the 2349 light chain 7 SEQ 1D NO: 24, The aming acid sequence of CDRZ of the
2250 iight chain is SEQ 10 ND; 25, The amina acid sequenve of GORZ of the 2253 light chain fs SEQ ID MO: 26. The
amino acid sequence of GDRZ of the 2256 light chain is SE0 ID MO: 27. The amina arid sequence of GOR2 of the
6.1.2 light chain is SEQ D NO: 28. The amino aeid sequence uf CORZ of the 8.4.1 light chain is SE0 13 KO: 28. The
aming acid sequence of £0RZ ot the 2345 and 2349 light chain is SEQ 10 NO: 30. The emian stid sequence of CDR3
uf the 2250 light chain is SEQ 1D NO: 31. The amine acid seguence of CORA af the 2253 light ehain is SEQ 10 ND: 32.
The aming acid sequence of COH3 of the 225 light chain is SEQ {0 NO; 33, The amino acid sequence of COR3 of the
8.1.2 fight chain i3 SEQ IDNO: 34. The amino acid saquente of CBR3 of the 6.4.1 light chain iz SEQ 1D NA; 35. Tha
anving acit' saquence of COR3 of the 2345 and 2345 light chein s SEQ D ND: 36.

Figure 11 shows anina acid sequence of CORs of heavy and lipht variskle chaing of murine and human angi
trkE agonist monoclenal antifioties. Alse shown are the femiliss to which these sequences belonp based an homolagy
with GOR soquences available in dstabases.

Figare 12 shows that ant-tikG agunist monocionel antivadies have improved half-life and bioaveilability i
Viva.

Figure 13 shaws etfact of anti-trkC aguiist monaclanel antihariss on cisplatininduced nauropathy.

Fifure 14 shows decrease in masker expression caused by pyridoxine meuropathy,

Figure 16 shows amelioration of thy eftecis of low doses of pyridoxine by agonist anti-rkC menarlunal
antibodias.

Figure 16 shows amelioration of the effects of high dosss of pytidoxine hy agonist anti-trkG manoclanal
antibodies.

Figure 17 shows amelioratian ef pyridmeing neoropathy by an anti-trkC aganist monacion! eniibagy.

Figure 18 shows attenuation of pyridmdineinduced deficit of ladder by agonist anth-wkG monoclonal
aniioies.

Figura 19 shows thai NT3, but not antitrkG agonist monoglonal antibadies, causes hypsialgesi at
{herageutic doses.

Figura 20 shaws tha aming acid sequence of human trkC receptor (SED 1D KO: 56) where the boundariss of
domains 4 and § ara indicatad.

Figure 21 {in Z pages} shows the nucleotids sequence of human trkG raceptar (SFQ ID 1KO: 571.

-9-
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Figure 22 shows the nucteetide sequence af the heavy clmin {4; SEQ 1D NO; 58) and Gight chain {B; SEQ ID
ND: 58] of the anti-rkT agonist monocloral antibady 2250,

Figure 23 shows the nuclsotide sequence of the beavy chair (A SED 10 NOz 80) aud light chain (B; SEQ ID
ND: 61) of the ant-trkD agonist monoclonal antibody 2253,

Figure 24 shows the nuclactide sequence of the heavy chain (A; SEQ 1D NO: B2) and light chein [8; 8EQ 1D
N0z B3} of the anth-trkC agunist monaclonsl antibody 2256.

Figure 25 shows the nucleutide sequence of the haavy chain {A: SEQ 1D NO: B4) and light chain {B: SE0ID
G: B5] of the anti-ttkC agunist menocional antiady 2345,

Figura 26 shows the nucleotide sequence uf the heavy chain (A; SEG 1D ND: 88} and light chain {B; SECID
J0: 67) of the anti-trkC agorvist manoclenal antibody 2348,

Figure: 27 shows the nucleatide sequence of the heavy chain (A SEQ 10 NO: 88} and fight chain (B; SEQ 1D
140: £8) of the anti-trkC aponist monpelenal antibody 6.1.2.

Figure 28 shaws the mucleotide sequence of the heavy chain {4; SEQ (D NO: 7G] and fight chain {B; SEQ 1D
R0: 71) of the anti-trkC agonist monoclonal artibedy £.4.1.

18-
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Deteilsd Deseription of the Preferred Embodiment

A Deinitions

The term "nauretiophin® and its grammatical variants are used interchangeably, and efer to o family of
uulypenties comprising nerve growth fector (NGF) and sequentially refated homologs. MGF, brain-derivad growth
factor {BDNF, a.a. NT-2), newrotraphin-3 (NT-8], neuratrophins4 and & (NT-478), newratophinB {NT-B), and
nzutotrophin-7 {MT-7) have so far been identified a5 members of this Family.

The term "neuratrophin” includes native nzuratrephins of any fhuman or non-humman} animal species, and thaic
{unctional derivatives, whether purified from a native source, prepared fy methods of tecombinant GNA techrolagy, or
chemical synthesis, or any combinetion of these o other methods. "Native” or “native sequence™ neuratrophing have
the aming acid sequenet of 2 neurotraphin oocurring in nature in any human or non-human acimal spectes, incluting
naturally-oceurding truncated and variant forms, and naturally-necurring allatic variants.

The terms “trk™, “trk patypeptide”, "zrk regeptor” and thelr grammatical variants are used interchangeatly
and reder to pefypeptides of the recaptor tyrosing kinase suparfamily, wibich are canable of hindiag at keast nne native
nearadrsphin. Cursently identifics menbers of this fanidy are trkA ip1407), tokB, and 1rkC.

The expression “extraceliular domain” or “EGO" when used herain refers to any polypeplide sequence that
shares a ligand hinding function of the extraveflular damain of @ nawrally eocursing receptor. Ligand binding function of
the extracaliviar domain refers ta the abiffty of the palypantide to bind to 2 ligand. Aceerdingly, it is nof nacessary te

include the entire extraccilular dongir

ince: smaller sepments have bean found te be adaquate fot ligand binding. The
iruncated extracellular domain is gererally soluble. The term EGD encompasses polypepiide sequences in which the
hydiophabic transmembrane sequence (and, opliomaliy, 1-Z8 mninu acids -terminal andior N-terminal ta the
fransmembrane domain] of the mature receptar has been deleted.

Tha term "agonist anti-irkG anifliody" refers to an antitindy, which is able to bind 1o and activate a native
sequence trkC receptor andfer dovenstream pathways mediated by the tG signaling function thereby mimicking a
bialogicat activity of 2 nativa ligandl of tha receptor, in particular MT-3. For axamgle, the agonist antiedy may kind to
the ECD domain of o wkC receptor and thereby cause dimerization of the receptar, resulting in activation of tha
intraceliular cetalytic kinase damain, Consequently, this may result in stimulation of groveth and/ar differentiation af
cails expressing the receptor 7 wire andfor 7 wive. The agenist antibadies af the present invention preferahly
recognize an epitope 1hat incledes al bast part of dornain 5 {aminn acid positions from about 268 to about 381] andfar
dumain 4 farring acig posilion from about 178 to abant 265} of the human 1rkC recaptor ar a corresponting epitope an
a nan-human, 8.0 murine trkG reeeptor.

“Biglopical activity”, wien used in conjunction with the agonigt anti-rsC antitodies of tha presont invention,
ganerally refers o having an effector function in commen with BT-3, the native ligand of trkC. The effectar fumctinn
refarably is the ebiility to hind and activats the trkG raceptor tytosing kinase andror downstream patiways mediated
by the trkC signaling furction. Without limkation, preferrad Yinlogieal activities include the ability to promote fhe

n proliferation, mai andfor regeneration of damapad cells, in particular neurons iz et or ir vive,
S11-
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including peripherat {sympatheaic, parasympatietic, sensory, and enteric) newrans, motorneurons, and central farain
and spinal card) naurans, and non-neuronal cells, e.q. peripheral blood leukocytes. A particularly preferred hinfogical
atlivity is the ability ta treat {including preventian} a neuropathy, e.9. peripheral neuropathy or other neurodegenerative
disaase, 7 repair @ damaged nerve cell. The damaged neurons may be sensory, sympathetic, parasympathetic, ur
enleric, e.g. dorsal root ganglia neurans, motormeurans, and central ngurons, e.g. neurons from the spinat cord, and the
damape may he of any cause, including traunia, loxic agents, surgery, stroke, ischemia, infection, metabolic diseasa,
wilritional deficiency, snd verioye malignancies. Another specific biological aetivity is the ability 4o indurs
angiogenasis,

Az used herein, “treatment” is an appraach for obtaining beneficial or desited ciinical results. For purposes uf
this invertion, beneficial or desired clinical results incude, byt are not Yimited to, allviation of symptoms, diminishment
of extent uf disease, stabilized fe., not worsening) state of disease, defay or slowing of disease progressinn,
amefioration or palliation of the disease state, and mmissiun {whether partial o rotall, whether detectable o
undaieitable. “Treatmant” can afso mean prolonging survival as compared to expected survival if o receiving
treatment. “Treatment” is an intaruention parformad with 1he intention of preventing the development or aitaring the
pathulagy of a disorder.  Accordingly, “treatment” refers to bath therepeutic trastment and prophylactic or
preventativa measures. Those in need of treatment include those already with the disorder as well as those in which
1he disarder is tn he prevented. Specifially, the treatment may directly prevent, slow down or otharwise dacraase the
pathology of celluler degeneratinn of damage, such as the pathology of nerve cells, or may render the cells, e
neurens more susceplible to treatment by other therapeetic agents. In a preferred embodiment, the treatment reduces
or slows dawn the dacling andfor stimulates the testaration of the funetion of targat neurans.

The "pathology” of a {chronic) neurodepenzrative disease or goute nervous system injury includes all
nharomena that affect the weil being of the patient including, without limitation, nevrenal disfunction, degenergtion,
injury and/or death.

The terms “netradegenecsiive disease” and “neurcdagenerative disorder” are ised in the bruadest sense to
includg all disurders the patholagy of which invelvos neuroral degeneration andior disfunction, inchiding, withotst
liritation, peripheral neurepathies; motammuren disorders, such as amylotraphic lateral sehierusis [ALS, Lou Gahrig's
disease), Bells palsy, and various condiions inwnlving spinal museular atrophy or paralysis; and atar humen
apuradegenerative disensas, sueh 23 Alhwime's disease, Parkinson's diseass epilensy, moltiple schlerasis,

Huntinginn's chorea, Down’s Syndrome, nerve deatness, and Menfeie's disease.

“Prripheral pathy” s 8 d ive disouder that affects the pecipheral nerves, mosl ofien

manffasted as one or @ combination of mntar, sensory, sensarimoton, or ic dy i Peripheral

neuropathies may, for exampls, be genatically acruired, ran result from a systomic dissase, or can be induced by &

toxic agent, such a5 & nourotexis drg, 2.9 antineoplastic agent, or industrisi or ewirommental poilatant. ~Paripberal

sensary newropathy” Is characierized by the degeneration of perinberal sensary neusons, which may he Wigpathic, may

oceur, for exsmple, as 2 consequence of diabetes (diabetic neuropathyl, eytostetic druy therapy in cancer fe.g.
-12-
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freatment with chematherapeutic agenzs such as vincristine, cisplatin, methotrexate, 3-aritho-3"zoxythymidine, or

taxanes, e.g. pachtaxel [TAXDL", Bristol-Myers Squibh Oncalagy, Prineaton, N and doxetaxel [TAXGTERE', Rhine-

Poulene Rorer, Aniony, Frence]), all acquirad ime y syndrom {AIUS), or genetic predisposition.

Genetically acquired peripheral neuropathics include, fur example, Refsum’s disease, Krabbe's disease, Matachramatic
levkodystrophy, Fabry's disease, Dejaring-Sottas syndrome, Abstalipaproteinemia, and Charcet-Marie-Tooth (GMT)
Disease (also known as Franeal Muscolar Atrophy or Heredfitary Motor Sensory Neurspathy (HMSN). Most typss of
peripheral neropathy develop siowly, over the tourse of several meonths or years. In clinical practice such
neurapathies arg called chronfc. Scetinres a peripleral nauropathy develops rapidly, over the course of & fow days,
aul i reterred to as acute. Peripheral neuropathy usually afiects sensary and motar nerves together so as to cause &
mixed sensery and matar necragathy, but pure seasury and pue motor neuropathy are also known.

The term “taxic agem”, as used in the context of the present invention, is meant 1o refer o a substance that,
through its cheinical action, injures, impairs, nr inhiliits the activity of 8 companent of the nervaus system. Tha long
list of toxic: suonts {akso referred to as “neurotaxic agents] includes, without fimitation, chemotherapeutic ayents,
such as those isted ahove, alcahal, metals, industrial toxins, contaminants of food and medicinas, ete.

“WMammal” for purpose of teatment refers ta any animal classifies 23 a mammal, inchiding humans, domestic
and tarm animals, and zeo, sport a1 pet animals, such as dogs, hueses, sheep, tats, cows, ete. Preferably, the mammal
is hurnan.

The term "trkC immunoadhesia™ is used interchangeably with the expression “trkC4mmunaiobulin shimera™
&nd refars tn a chimeric mwlecule that combines a portion of trkC (generally the sxtracallular domain thereaf} with an
immunaglobulin sequenca. The immunoglobulin saquense preferably, but nat necwssarily, is an immunoglobulin coastant
domszin. Chimeres constructed from a receptor sequence linked to an apprapriate immunoglohulin constant domain
sequence {immanaadhasing] are known in the ari. (mmunaadhesing reparted in thie ltgrature include fasions of the T
oell regeptar” (Gascoigne of ok, Proz. Nati, Acad. Sei £154, 84: 29382840 [1987]); CD4* (Capan et &, Nsiore 337:
925531 {1989) Traunecker &f af, Aakwre, 335: 63-70 (1989]; Zatumwiss) ef af, DA Colf Binl. 8- 347-353 [1080]:
Byro et af,, Notwe, 344: B87-670 [1980)); Lsclectin (hominy recemor) (Walson of &, .\, Cakl Bioh, 110:2221.2229
119501, Watson ef 8/, Nsture, 348: 164-167 (18971); COA4* (Aruffo sr 2!, Lelf §1: 13031313 [1990)); CD28* and
B7* [Linsley ot 21, J. Exp. Modl, 173: 721-730 11891]; CTLA4* (iisley ef 27, J. Eqp. Med, 174: 561568 (188 1)
CD22" (Stamenkaovie of 24, C2¥, 86:1138-11749 (199115 THF raceptor (Ashkenazi er af, Prac. Mot Acad, Sof, 454,
BB: 1052610539 (1991); Lesslaver of af, Fur, . fawmench, 27:2882-2086 (1891 Peppol af o, S Frp. Med,
174:1483-1489 119911} WP receptors (Bennett et o, J, Biol. Chem, 266:23080-23057 11991)5; end IyE receptor e*
(Ridguay et af, J. Cofl. Bied, 115:abatr. 1448 [1981]), where the asterisk {*} mdfeates that the receptor is mamher of
the immunoglobulin superfamily.

"Isafated” ruclefe acfd or polypaptide in the cantext af the presont inventian s a nucleic acid or plypeptide

that T identified and separated from cantaminant nucleic acids or pofypeptides present in the animal ar hunkn Source
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af the nucleic ecid or polypeptide. The nueleic acid or polypeptide may he laheled for diagnostic or probe purposes,
using a label as deserted and defined further befowe in dizcussion of diagnostic assays.

In general, the term "amino acid sequence variant” refers to molecules with seme differences in their sitine
acid sequenses as compared to a refarence (6.9, native sequence} polypeptide. The amino acid alterations may be
substitutions, insertions, deletions or any desited combinations of such changes in a native amine acid seyuence.

The terms "DNA sequence encoding”, "DNA encoding” and "“ruclsic asid eneeding” refar to the order ar
sequence of deoxyribanucleotides along a strand of deoxyribanucleic acid. The nrder of these denxyribonuckeotides
tetermings the order of amino acids along tha polypaptide chain. The DNA sequenca thus codes for the amino acid
sequence.

The terms "replicable expression vectar” and "exgression vector” refer to a piece of DMA, usually double-
siranded, which may have insested inta it a piece of foreign DNA. Foreign ONA is defined as heferologous DNA, which
is DNA not naturally found in the host cell. The vactar is used to rranspart the foreign or heterologous DiA into a
of the host chr | OMA, and

suitable host cell. Once in the host cell, the vestor can replicate
several copies of the vectar and its inserted (forcign) DNA may be generated. in eddition. the vecter contzing the
necessary olements that pormit translating the foreign DA inta 2 mulypeptide. Many molecules of the palypeptide
encoded by the {oreion DNA can thus be rapidly synthesized.

The tean "control seguences” refers tn DNA sequances nesassary for the expression of an oparably linksd
coding sequence in a particular host erganism. The cantrol sequences that are suiteble for prokaryotes, for example,
include o promoter, optionally an operator segucnce, a ribosome hinding site, and passibly, nther as yet paory
understood sequences. Fukaryotic celte are knawn to utilize promoters, palyadenylstion signals, and enhancer.

Nucleic acid is "oporably linked™ when it is placed inta a fupctiors redationship with another nucleie acid
sequence. For example, DNA for a presequence at a secretory leader is uperably linked to DNA for a polypeptide if it is
crpressed a3 a prepratein that participates in the secretion of the polypeptide; a promater or enhancer is operably
linked to & eading sequence if it affects the franscription of the saquence; ar a tibasome binding site is aperably linkel
1o & cading sequence if it is positioned so a3 ta facilitate iranslation, Benerally, "operably linked” means Lhat the DNA
sequences being linked are contiguous and, in the case of & Secretory Jeader. contiguous amd in reading phase.
However, enhaneers do not have to be contiguous. Linking is accomplished by ligatiun at convenient restriclion sites,
IF sueh sites do not exist, then synthett oligomuclaotide adaptors or linkers are used in aceord with comentinnl
practice.

in the context ef the preseat invention the expressions “cell”, “cell lne”, and “cell colture™ are used
interchangeably, and all such designations incluie progeny. This, the wands "wansfornants” and "transfonved thest)
cells” include the primary subject cell and cufiees derived therctram without regard for the number of transters. 1t is
also understond that all progany may net e precisely identical in DNA content, due o deflierate or inadvertenl
utations.  Mutant progeny thai have the same function or binlogical activity as screened for in the ariginally

transformed coll are included. Whene distinct desigrations are inlended, il will ba clear from the context.
-14-
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An “exagenous” element is defined heram to mean ruclsic acid sequence that is foreign to the cell, or
homologous te the call but in a pesition within the host ceil nucleic aid in which the element is ordinasily rot found.

"Antibodies” (Abs) and "immunoglokuling” {lgsi are glycoproteins heving the same structural characteristics,

While antibodies exhibit binding specificity to a specific antigen, I lnbuling include both antibedies and other
antihody-lika malecules that lack antigen specifieity. Polypeptides of the latter kind ore, for example, produced at low
lavels by the lymph system and at increased lavsls by myelomas.

"Native antibodies” and "native immunogloboling” are ususlly hetarctetrameric glycoprateins of about
150,000 daltons, compused of two Tdentical light [L) chains and two identical heavy {Hj chains. Each light chain is
linked to a heavy chain by one covalent disulfide bond, white the number of disulfide linkages varies among the heavy
chains of ditferent immunoglobulin isotypes, Each heavy and light chain afso has repulerly spaced intraghzin disullide
bridyes. Each haovy chain has at une end a variable domain (Y, followed by B number of censtant domains. Each light
chain has a variable domain at one end {¥,) and a constant domain at its other end; the constant domain of the light
chain is aligned witl Lhe first cunstant dumain of the heavy chain, and tha lipht- chain variable damzin is aligned with
the variable domain af the heavy chain. Particular awine acid residues are believed to form an interface batvreen the
light- and heavy-chain variable domains.

The term "variable™ refers to the fact that certain portions of the veriable domains diffsr extengively in
sequence anung autibailies wmi are nged in the tinding and specificity of each particular antibody for its paiticular
antigen. However, the variability is not evenly distibuted theoughout the variable domains of antibodies. & is
concantrated in three sagments called hypervariable regions both in the light ehain and tha heavy chain variable
domains. The more highly conserved porfions of veriable domains are called the framework regian (FI)). The variahls
domains f native heavy and light chains each comyrise four FRs (FR1, FRZ, FR3 and FR2, respectively), lergely
adopting a -sheet eanfiguration, connected by three hypervariable ragions, which form Joops connecting, end in soms
cases farming part of, the -sheet stucture. The liypervariable regions in each chiin are held together in close
proximity by the FRs and, with the hypervariable regicns from the other chain, contribute to the formation of the
antigen-hinding site of antibodies (zee Kobat ef of, Sequences of Froteins of hummological fiferost, Sth Ed. Public
Haalth Servics, National Institutes of Kealth, Bethesds, MD. (1881), pages 547-869). The constant domszins ate not
involvad diractly in binding an antibordy to an amtigen, dut exhibit verious effector functions, such as participation of
the antibody in antibody-dependent cellular taxicity.

The term “hyparatizhle region” when uz2d herein refers te the amino acid residues of an antibody which are
responsisle for antigen-hinding. The hypervarishle region comprises amina acid residues from a "complementarity
detertriining region” or “COR” {fe. residues 23-34 (L1}, 50-56 1L2) and 89-57 {L3] in tha light chain varigbla demain and
31-36 {H1), 50-85 (H2} and 95-102 {H3) in the heavy chain variable domain; Kabat f o, Soquenses of Proteis of
immunolagical loterest, Bth Ed. Public Health Servite, National Institutes of Health, Bethesda, MD. (1981)} andjor
thase residues from & “hypereariable loop” e residuos 28-32 (L1, 60-62 (L2} and 91-86 {L3) in the light chaln

wzriable domain and 26-32 (H1t, 53-55 {H2] and 98-101 [H3) in the heavy chain variable domain; Ghothis and Lask ..
_15-
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Mol Biol. 106:001-917 (1987), "Tramewark” or "TR" residues are those variable dorain residues other than the
hypervarishle region residucs as herein defined.

Papain digestion of antibediss produces two identical antigen-binding fragments. called "Fab fragments,
szch with 2 single antigen-tinding site, and o residual *Fe” fragment, whose neme reflects its abifity to crystalize
readity. Pepsin traatment yisids an Flb'l, fragmant that has two antigen-cambining sites ai is atill capable of cruss-
finking antigen.

"F" is the minimwin antibady fragment which contains a tomplets anligen-recognition and -binding site. This
ragion consists of a dimes of ane heavy chainand e liyht chain variable demain in tight, non-covalent asseciation. 1t
is in this coatiguration that the three hypervariable regions of each variable domain interact 1o define an antigen-
binding site on the surfacs of the V,V, dimer. Coliectively, tie six hypervariable regions confer antigen-biading
specificity to the antibody. However, esen a single varizble domain for hal of an Fv comprising only thres
hypervariatle regions specific far an antigen! tms the shiiéy to racognize ang bing antigen, although at 2 lower affinity
than the entire binding site.

Tha Fab fragmant als0 tontains the constant demain of the light chain and the first constent dormain (CH1)
uf the heavy chain. Fab' fragments differ fram Fab fragments by the addition of a few residues at the carboxyl
terminus of the heavy chain CH1 Jomain incleding one or mare eysteinefs) fram the antibody hinge region, Fab'-SH is
the designation herein for Faiz' in which tha cysteine residuels} af the constant damaias biar 8 free thiol group. Flab,
antibady fragments originally were produced as peirs of Fab' freqments which have hinge cysteines between them,
Otler chemicat couplings of antibody fragmants ars slso known.

The: "light chains® of anlibadies fmmunoglobuling} from any vertebrate species can be assigned (0 ong of twe
clearly distinct types, ealled kappa /) and lambda (), based on the amino acid sequences af their canstant domains.

Depending on the amino acid sequence uf the constant domain of their heavy chains, immunaglobulins can ke
assigned lo diffarent classes. There are fivemajor ¢lasses of immunoglobulins: IgA, IgD, (5E, 196, and gk, and several
of thase may ba furthsr divided ints subelassos (setypes), 2.7, WG1, 1962, (9G3, loB4, IpA1, and IgA2. The heavy-

chain constant domains that correspand to the diff

nt classaz of immonoglobuting ase called |, |, , . and ,
respectively. The subunit siructures anil three-gimensional configurations of differant classes of immunaplobuling am
wieli knowsn.

The term “antibody” herrin is used in the bmadest sense and specifically covers human, nonwman (e.g.

PRSI

muring) and lumanizad

huding full legth lonal antibodies), pulyclonal antibodi
nultispecific antizodies (a.g., hispecific antibodies], and antibody fragments so fong as thay exhihit the desirad
binlogizal activity,

"Antihody fragments” comprise a pertion of a full leagth antildy, generally the imtiyen binding or varizhle
domain thereaf. Examples ot antibody fragments inchude Fab, Fab’, Flab", and Fy fragments; diohodies; linear

antibadies; single-chain antibody malerules; and multispesiic amtibodies Sorined {rom antibiedy fragments.

16-
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Tha tarm “monoclonal antibody” as uged herein refers 1o an antibady ohiained from a population of

ially b ibodies, iz, the individual antibodies comprising the population are identical except for

possible naturally occurring mutations that may be present in minor amounts. Monocional antibodies are highly
specific, being dirscted against a single antigenic site. Furthermore, in rentrast ta canventional {patyelonal} antibody
preparations which rypically include differamt antibedies directed against different detarminants lepitopes), each
monogiona smtibedy is dirceted against a single determinant on the entigen. The modifier “menoclanal® indicates the
character of the antihody as heing obtained from a sulstantially homegeneeus papulation of antibodies, and is not to
be construed as requiring production of the antibady by any particular methed. For examele, the manvclonal antibodies
10 hie used in accordance with the present invention may he made by the hybridama method first described by Kohler o
2, Nature 256:485 {1978}, or may be madz by recombinant DNA methods (see, 2.2, LS. Patent Nu. 4,818,667).
The “monoclonal antibodias” may also ba isolated from phiaye antibody libraries using the teehniques described in
Clacksan of af, Astore 352:624-623 {1991) and Marks et al, J. Mal. Biol. 222:581-597 {1291), fur example.

The manaclanal antihaties harein specifically indude "chimaric” antibodies immunoglobuling) in which a
portion of the heavy andior light chain is igentical with or homologous 1o corresponding sequences in antibodias
derived fram a particular Species or belonging fo & particular antibody clazs or subclass, while the remainder of the

chainis) is identical with ar b ta corr di ] in antibadies darived from another species ar

beloginy ta another aatibudy class or subiclass, as well as fragments of such antibodies, 50 long as they exhinit whe
desired bislngical activity (U8, Patent No. 4,816,587; and Murfison &t af, Proe. Natl, Arad. Sci. USA 81:6851-6855
{1984)).

“Humanized™ forms of non-human {e.g, muine} antibodies are chimeric antihodies which contain minimal
sequence derived from nonbuman inmuncglobulin,  For the most part, humanized antibodies are humen
inmonoglebuling (recipient antioody} in which hypervariable region msitues of the recipient are replaced by
hypervarizhle region residues fram a non-human species {danor antibody! such as mouse, rat, rablrit or nonhuman

primats having the desired specilisity, affinity, and capacity. In some instames, lramewark region {FR) residuas of tha

heman i in are mplaced by cotr ding nonhumau residues.  Furthermare, humanized anthndies may
comprise residues wohich are nat found in the recipient antibady ar in the doner antibody. These modifications are
made ta furthor refine antibady performance. fn general, the hunanized antibody will samprise substantially all of at

east ons, and typically two, verisble domains, in which all or sobstantially all of the hypervariable regions correspond

o thosa of a non-human immunaglabulin and all ar substantially all of the FRs are those of a buman immunagtubulin
sequenca. The humanized antibody optianally also will comprise at leest a portion of an immunuglvbulin constant
region {Fc), 1ypically that of a human immunoplobulin, For further details, see Jones et al, Meture 321:522-525
11986); Reichmann ¢z &4, Matars 332:323-323 (1988); and Presta, Curr. Gp. Struet. find. 2893686 (1992).
“Single-chain Fv" or "sFv" antinody fragments comprise 1@ Yy, and ¥, domains of antibody, wherein these
tomains ars present in & single palynaptids ehain. Generally, the Fv polypeptide furiher comipses a palypeptite linker

batween 1he ¥, und ¥, domains which enables the sFv to form the desired siructure far antigen hinding. Tor & review
17-
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of sFv soe Pluckthun in Tig £ gy of iturdias, wil. 113, Rasenbury and Moore eds. Springer-
Yerlag, New York, pp. 268-315 [1994).

The term “diabodies” refers ta small antibady fragments with twa zntigenbinding sites, which fragmants

comperise a heovy ehain variabte demain (¥} connecied to a light chein variable domain (¥} in the sama polypaptide
ghain {V, - V). By using a linker that is too short o allavw pairing between the tva domains on the same chain, the
dormaing arg forced ta palr with the complementary domains of another chain and create two antiges-kinding sites.
Diabodics are described mere fully in, far cxample, EF 404,087; WO 9341 1161; and Hollinger of &, Proe, Mail, Acar.
$ei, U54 30:6444-6448 (1983).

dascribad in

The expression “linear antibodies™ wehen used throughout this applicatian refers 1o the
Zapata &t of. Protedr Eng. B{i0)11057-1082 (1995} Briefly, thesa antibodias comprise a pair of tandem Fd segments
(y-Cy 14, Gy 1} which form a pair of antigen binding regions. Linear antibodfes can be bispecific or menospacific,

The term “epitope” is used ta refer to binding sites for lona] or poly ) antibodies on protein
antigens.
Antibodies whigh bind 1o domain § andlor 4 within the aminc aeid sequonca al native sequence human trki,

or 1o an equivalent epitaps in 2 nalive sequence norkhuman trkC receptor, are identifisd by “epitope mapping.” There

are mamy methods kuown in the art for mopping and characterizing the locatior of epitopes an proteins, including
solving the crystal structure af an antibody-antigen romplex, compatition assays, gene fragment expression assays,
and synthetic peptide-hasad assays, as described, for example, in Chapter 11 of Harlow and Lane, Using Antiinfies, a
Lahoratory Manual, Cold Spring Harbar Labaratory Press, Cold Spring Harbor, New York, 1998, A competition ELISA
agsay is specifically described in Exampte 3. According 1o the genc fragment expression assays, the apen reading
frama gncoding ske protein is frapnientad sither randomly ar by specific genetic constructions and the regctivity of the
expressed fragments of Hie pritein with (he antibody to be tosted 15 detesmined. The gene fragments may, for
example, ba producad by PCR and then transcribed and translated intg proteir iz wivs, in the presence ef tadioactive
amirp acids, The bindng of the antihody t the radioactively leboed protein fragments is then determined by
immunoprecipitation and yel electrophuresis. Certain egitopes can also be identitied by using large libraries of random
peptide sequences displayed on Ahe surface of phage perticles (phage libraries).  Alterngtively, & defined library of
overlapping peptide [ragments can be tested for binding to the test antthady in simpla hinding assays. The latter
approach is suitabile to defing linear epitopes of about S to 15 amino acids.

B antibody binds "essentially the same epitapa™ as a reference antibady, when the two antibodies racoaniza
ilentical ur sterically overdapping epitopes. The mos! widely used and rapid metheds Far deterining whether two
wpitupes bind 1o [dentical or sterically overlapping epitopes are competition assays, which cen be configured Tn all
number of differant farmats, using aithar latefed antigen or labeled antibndy. Usuafly, the antigen is immabilized on a
9B-well plate, and the ahility of unlabsled antibodies to block the binding of |abeled ant?bnlliles is measured using

rarioactive or enzyma labals. & competition ELISA assay is diselosad in Example 1.

18
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Tke term amina acid ar emino acid tesidue, as used herein, refars to naturally accurting L aming seids or 1a 0
aming acids as described further belovs with respcet ta variants, The commonly used one- and three-latter
alibreviations for amino acids are used herein {Bruee Alberss et al., Molacular Biology of the Cell, Garlang Publishing,
Inc., Hew York [3d ed. 1994

Hyhridization 1s proferably petfarmed under “siringent conditions™ wihich maans {1} employing low ionic
strength and high temperature for washing, far example, 8.015 sodium cliloride/0.0015 M sodium citrate/0.1% sodium
dodecyl suflate wt 50 C, or (2] employing during hybridization a denaturing apant, such as formamiide. for exanple,
ED% {valivoll formamide with 0.1% bovine serum albumini0.1% Ficoli0.1% polyvinylpyrrolidonef50 mM sodium
phosphate buifer at pH 8.5 with 750 mM sadium chloride, 75 i sodium citrate at 42 C. Anather axamgle s use af
50% formemide, § x SSC 10.76 M NaCl, 0,675 M sodium citrate), B0 m sedium phosphate (pH 618, 0.1% sadium
pyrophasphate, & x Denhardl's solution, senicated selman sperm DNA {50 gimi), 0.1% S0, and 10% dextran sulfate
at 42 C, with washas at 42 © in 0.2 x 55C ard D.1% SDS.

B. Methods for carrying out the invantion

The present invention concerns agenist human and nan-human manoctunal antibadies fineluding humatized
forms of the latter), which mimick certain biological proparties of NT-3, the native ligand of the rkC receptor. General
technigues for the produetion of murine and human anti-trkC antibudiss are woll known in the art and are deseribed

hereinbelow. Further details, inchuding the selaction of agonist antibodies, are provided in Exampls 1.

1. Antibady preparation
# Poiyclonal sntibadiss

Methods of preparing paivclonal antibodies are known in the art. Pobyclonal antibodies can be raised in a
mammal, for example, by ane or mare injections of an imunizing sgent and, if desired, an adjuvant. Typically, the

immunizing agent and/or adjuvant will ae injected in the mammal by multiple subcut I5 OF i i lin]

It may be usaful to conjugate the immwnizing agenl tu a pratein knawn ta be immunogenic in the mammal baing
immunized, such as serum slbamin, ar soybean trypsin imfibitor. Exarples of adjuvenis which may be employed
Inelyde Fround's completa adiuvant and NPL-TDN.
i Mangcionsl antibodies
Kianaclanal antihodiss mey be made vsing the hybridoma method first described hy Kabler e o, Natore,
256:485 (1975], or may be made by recomhinant DNA methods {U.S. Patent No. 4,816,567},
In the hybridama method, a mausa or ather apprapriate host animal, such a3 & hamster ar macagque monkey,

is immumizad as hereinshove described 1o elicit lymphocytes thal protuce or are sapable of producing antibudies thar

will specifically bind to the protein used for i Al ivaly, lymphocytes may ba i ized /i vitra.
Lymphacytes then are fused with myeioma cells using a suitable fusing agesl. such as polyethylene glycol, te form a
hybridoma cell {Gading, Monocional Aniilodies: Prinsiplas and Prectice, pp89-103, |academic Press, 18361,

The hybridama calls thus prapared are saeded and grown in a suitable culture aediom that preferably

BON1AINS ong o mare substances that inhibit the growth or survivel of the unfused, parental myeloma calls. For
-i9-
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example, if the parental myeloma cells lagl U enzyme hypoxenthina guanine phosphoribasyl transfarase HGPRT or
HPRT), the culture medium for the hybridomas typically wll inelude hypoxanthine, aminaptsrin, and thymidine (HAT
medium), conditinns under which the prowth of HGFRT-deficlent cells is prevented.

Praferred teloma cells are those that fuse efficiently, support stable highdeve! production of antibody by
the selected antibody-producing cells, Aul are scnsitive ta @ mesium such as HAT medivm. Amang these, prefered
mysloma el lines are murine myelama lines, such as those derived from MDP-21 and W.C.-11 mouse tumors
availabl from the Salk Iestitute Cell Distribution Centar, San Diege, California USA, and SP-2 or X682 Ag8-B53 cells

available from the American Tyge Culture Callection, Rockeille, Waryland USA. Human myeloma and mouse-human

heteramyeloma ol lines alsn have been described for the production of human lonal antitmdizs {(Kazbor,
tiswmel., 133:1001 (1984% Brodeur ef of, Moanoclonsl Antibedy Pruduction Tachniques and Applications, pp. 5163,
Karcel Dekker, Inc., New York, [1887]).

Culture madiam in which hybridoma cells are prowing is assayed for production of moneclonal antibadies

directed egainst the antiyen. Preferahly, the hinding specificity of monaclanal antibodies produced by tybvidoma cells
is determined by immunoprecipitation or by an /7 witre binding assay, such as radioimmunozssay [RIA) or enzyme-
linked inwminoahsorhent assay {ELISAL

The binding affinity of the monoclona! sntibiody can, for exampls, be determined by the Scatchard analysis
of Munson &t 8!, Arat. Biogkem., 107:220 (1980},

After hybridoma cells are ifentified that produce antibedies of the desiced specificity, affinity, andlor
activity, the cells may e subclosed by limiting dilution procedures and grown by standard methads |Geding,
Menacions! Artitudies: Principles snd Pragtice, np 59-103 {Aesdemic Press, 19361 Suitahle culure media for this
purpase includo, for axaniple, DMEM or RPHI-1620 medium. In additien, the hybriduma cells may bg Qrewn iz wvo as
ascites tumars in an animai,

The monaclonal antibodies secreted by the subclones are suitably separated from the cultere medivm,
asciles fuid, ar serum by canventional immunaylobulin purification procedures such as, far example, protein A-

Sapharose, hyiroxy i . oel alectropharesis, dialysis, or atfinity chromatugraphy.

DNA encoding the monacional antibndies is readily iselated and sequenced using conventional provadures
le... by using nliganuclentide prohes that ate capable of binding sporilinally 1 genes ancoding the heavy and light
chains of the monacloral antibulivs). The hybridama cells serve as a preferred saurce of such DNA. Onca isolated, the
DNA may be plaged into exprossion veesars, which ara fhen transfected into host calls such as £. volf cells, simian COS
cells, Chinase hemster ovary (EHD) cells, or myeloma cells that do nat otherwise produce immunaglobulin prolein, to
oblgin the synthesis of monaconal antihodias in the recuiobint hast cells. The DNA also may be miodified, for
example, by substituting Lhe coding sequence for human boavy and ight chain constont domains in place of the
hmnologaus murine sequences, Merrisen, 8¢ &4, Proe. Nat. Acad, Soi. 81, 6857 11984), or by covalently jeining to the

immunaglebulin carfiy sequence all or part of the eoding seruence for 8 nomimmunoglobulin polypeptide.  In that
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mammer, "chimesic” or “hpbid™ anlibodies are prenared that hawve the binding specifieiiy of @n anti-trk monaclonal
anticady figrein.

Typically such non-immunaglnbulin polypeatides are substituted tor the constant domains of an antibody of
the inventian, ar they are substituted for the varisble domains af anc aniigen-combining site of an antibedy of the
invantion to create a chimeric hivalent antibody comprising ane antigen-combining site: having specificity for an trk
receptor and anather antigen-combining site having specificity for 2 different antigen.

Chimetic or bybvid anttbadies also may be grepared n witro wsing known methods in syallietic prolein
chamistry, including thase invelving crosslinking agents. Far examgple, immunotaxins may be canstructed using a
disulfide exchange reaction ar by forming a thiocther bond. Examples of suitable reagents for his purprse inclide
iminothintate and methyl-4-mercaptobutyrimidate.

Recombinant production of antibodies will be descrited in more dotail below.

3 Hymanizad antifiodies

Generally, a humanized antibady has ane or mare amino acid residies introduced info it from & nen-human
sourcz.  These non-human amino asid residuss are oftan referred 1o as "Impon” residues, which are iypically teken
from an “impart” variabla domain. Humanization cen b= essentially pe:fermed following the method of Winter ami
co-workers [Jones et al.,, Nature. 321:622-525 {1388}; Riechmann et al., Nature, 332:323-327 (1088]; Yerhoeyan et
2l., Scignce, 239:1534-1538 (19EBI], by substituting rodent CORs or GDA senquences far the caresponding sequences
of a human antihody.

Accardingly, such "humanized" antibodies are chimetic antibodies (Cahilly, supra), wherein substantially less

than an intact human variable domair: has been substituted by the trom a non-he Species.
In practice, humanized antibodies are typically hunian antibodies in which some GDR residuss and poseibly some FR
residues are substituted by residues from anslogous sites i rodent antibodies.

It i& important that antibodies ba humanizad with retentian of high affinity for the antigen and other
favorable biolegical propertics. To achieve this goal, acrording to a preferred method, homanizad antibodiez are
prepered by & process of analysis of the parental sequeaces and vaiious conceptual humanized produets using thres
dimensional models of the parental and humantced sequences. Threw dimensional immunoglobulin models are
cammondy auailable and ara familiar ta those skilled n the art. Computer programs are available which illustrate and
tisplay probable three-dimensional conformationsl struclures of eelected candidate immunoglobulin seguances.
Inspection of these displays perits analysis of the likely rale of the residues in the functianing of the candidate
immunoglobulin sequence, i.e. the analysis of residues that influence the ahility af the candidate inmnuneglabulin to
hind its antinen, In this way, FR residues czn be selected and combined from the consansus and import sequence so
that the desired antibady characieristic, such as increased affinily for the target antigents), it achieved. In general,
the COR residugs are dircety and most substantially invelved in influencing antigen binding. Far further details soe
U.8. application Serisl N, D7(934,373 filed 21 August 192, which is a continuation-in-part of application Serfal No.
071718,272 filed 14 June 1931,
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Y% Huoman antibodies

Human monaelonal antibodies can be male by ihe bybridoma methed. Human myeloma and mouse-human

heteromyeloma cell lines for the production of human lonal antibodies have been described, for example, hy
Kozbor, J. lmmunol. 133, 3001 {1984}, and Brodeur, of &0, Maonoclonal Antihody Production Techriques and
Applications, pp.51-63 (Marce! Dekker, Inc., New Yok, 19871,

It is now possible Lo produc transganiz animals {e.g. mice) that ars capable, upon immunization, of producing 3

repertoire of human antibodies in the absence of end immur in p jon. For exarnple, it has been

described that the homazygous deletion of the antibody heavy chain joining region (,) gens in ehimetic and germ-fine
mutant mice rasults in complete inhibition of endogenous antibudy produciion. Tiansfer of the human germlina
immunoglcbulin yene array in such germdine mutant mice will result in the production of human entibodies upen
antigen thallenge. See, £.g. Jakobovits er &%, Proc. Nadl. Acad. Seii USA 80, 2551-255 (1883 Jaknbovits et al.,
Naturg 362, 255-258 (1993).

Mendez of a. (Mature Genaties 15t 146156 [1997]) have further impraved the technalogy and have generated

a ling of transpenic mice desi i 28 "X 11" that, when challenged with an antigen, generates high effinity

Fully human antihodies, This was athieved by germ-ine integration of megatese human hesvy chain and light chain leci
into mies with deletion inlo endagensus J, sagment as described above. The Xenomouse Il harhavs 1,020 kit of uman
heavy chain locus containing approsimately 56 ¥, genes, complete M, and J; regions and three different constent
regions iy, & and %), and alse harbors 800 kb af human w locus containing 32 ¥ic genes, Jic segments and Ci: genes.
The antihndies produced in thess mice closely resemble thar seen in humans in alf respects, including nene
rearrangsment, assembly, and repertvire. The human antihedies are praferantially axpressed aver endogenous
antibodigs fue 1o delatien in andoganaus J, segment that prevents gene rearrangement in thws inurine locus.
Kltarnatively. the phaye display lechoolagy {McCafferty ef a4, Hafura 348, 552-553 (19901 can he used 1o
poduce human antibodiss and antibody fragments & wéee, from immunoglobulin vatiable (V) demain gene repertoires
from unimmonized donars. According to this technique, antibody Y domain ganes are clonad in-frame inte either a
mejor or minar coat protein yene of a filamentous bacteriophage, such as M13 or fo, and displayed as functional
antibody franments on the surfocs of the phage particle.  Because the filamentous particls containg a single-stranded
DNA capy of the phage genome, selections bagad en the functisnal properties of the antibudy alse result in selection of
the gene encading the antibudy exhibiting thase properties. Thus, the phiage méniicks some of the properties of the B-
cell. Phage display can e performad in a variesy of formats; for their reviow sce, e.0. Juhusan, Kevin 5. and Chiswell,
David ., Gurrget Opinion @ Structural Biotopy 3, 564-571 {1933). Several sources of V-gene segments can be vsed
for phage display. Clackson ef f, Nature 262, £24-628 [1981) isolated a diverse areay of antiaxazelana sntihadies
from a small ranciom cambinatorial library of ¥ ganes derived from the splexns of immunized mice. A repertoire of ¥
qgens from nmimmunized human donors can be canstructed and antibodies t a diverse array of antigens {including sel-

antigans} can be isolated essentially folloving the technigues deseribed by Merks af a2, J. Mal. Biel. 222, 581597

11991}, or Griffith ¢ &/, EMBO J, 12, 726.734 {1893} !n a natural immune respanse, antibody Denes accumulate
-22-
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mutations at a high rate (sonatiz hypermutation). Some of the chanqes intrnduced will conter higher attinity, and O
calis displaying high-2ffinity surface immunogiohulin are preferentially replicated and ditferentisted during subsequent
antigen challenge. This natural process can be minvicked by empioying the tecinique knewn 2s “chain shufiling”
{Marks 8¢ i, DinlTechnal, 10, 778-783 (18824, In this method, the affimity of "prinary” humen antinodies ohitained

by phape display can ba impraved by sequentially replacing the heavy and light chain ¥ region genes with repertoires of
naturelly vceuring veriants (repertuires) of ¥ dumain genes obtained from unimmunized donors. This technigues allows
the prarluction of antibodies and antibody fragments with afffnities in tho nbl range. A strategy for making very large
phage antibody repertoires {alse knuwn as "Uh; mather-ai-all lbraiies™} has been described by Watethouse of af, Nucl.

Acids Res. 21, 2265-2256 [1803], and the isolation of & high affinily human antibady directly from such [arge phage

libraty is reported by Griffith ¢ o, EMBO J. (1994}, in prass. Gene shuffling cen also be used (o detive human

antinoice from rodent antitosies, where the kuman antibody has similar affinities and specificities to the starting
rodent antibody. According to 1his method, which is alse refarred 20 as "epitops imprinting”, the heavy o light ehain ¥
dunin gene of rodent amiboies abtained by phaga display technigue is replaced with 3 Tapertoire af human ¥ domain
genes, crealing rodent-human chimeras. Sefection on antigen results in isolation of human veriable capable of
restaring a functienal antigen-hinding site, i.e. the epitope governs timprints) the choice of partnes, When ihe process
is tepeated In order 1o replace fhe remaiming rodent V domein, a human antibody is ohtained {see PCT pafent
application WO 93706213, published 1 April 1893). Unlike trarditional hutnanization of rodant antihadies by COR
grafting, this teshnique provites completely human antiadies, wehich have no framework or GOR residucs of radent
arigin.
el Bispecific antitedias

bly hunia or h ized, antibodies that have binding speeificitios

Bispacific antihadies are menoconal, p
for at least wn dilfecent antigens. \n the present tase, one of the binding specificiiies is fr the trki: recepter to
provide an agonist aniibody, the other one is for uny eiker antijen, and prefarably for another recepter or raceptor
aubunit. Far example, bispecific antindias spacifically binding a trkC recentor and a neuratraphin, or & trkC recepior
and anolher trk reczptor are within the stope of the prosent invention,

Mathads for making bispacilic antibodies are knawn in the art. Traditianally, the recambinant production of
bispecific antibodies is based on the zoexpression of twa immunaglobutin ficavy chain-ight chain pairs, whate fhe fwo
haavy cliains have differant specificities iMilistein and Cuslio, Nature 305, 537-539 {18831l Becausa of the random
assortiment of immunoalabulin heawy wnd ight chains, these hybridomas iquadromas) produce a potential inixture of 10
different antibiody moleculss, of which anly one has the correct bispecitic structure. The purification of the corect
malecule, which is usually done by affinity chromatograghy steps, is rather cumbarsome, and the product yiclds sie
jow. Similar procadures are disclosed in PCT application pubfication No. WO 83/03329 lpublished 13 May 1893), and
in Traunecker ar &/, EMBO 10, 3655-3658 {1891} .

According to » different end more preterrad approach, antitwdy variable domains with the desired binding

spacificitias {antibody-antigen sombining sites) are fused 1 immunoglobuiin congtant domain seguences. The fusion
_23-
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preferably is with an immunoglabulin heavy chain canstant domain, comurising at Jeast part of the hinge, CH2 end CH2
regions. It is grefered 10 have the ficst heavy chain constant ragion [GHT) containing the site neeessary for light ehain
binding, present in at least ono of the fusions. DNAs encading the immunoglobulin heavy chain fusions and, if desired,
the irnenunoglabulin light chain, are inserted inta separate expression vsctors, and are cotransfected into o witable

host organism.  This provides fer great fexibility i adjusting the mutual ians of the three pel idk

fragmients in embodiments when unequal ratios of the three palypeptice chains used in the construstion provide tha

optimury vields. It Is, howeves, possibla to insert the cading sequences for two ar &l three polypeptide chains in ane

pression vector whon the expression of at leest twe polypeptide chains in equal ratios results in bigh yiehis or when
the ratins are of no particular significance. In a referred cnbudinent of this approsch, the bispecific amibodies are
composed &f @ hybrid immunogichulin beavy shain with a first binding spacificity in one arm, and @ hybrid
immunaglobulin heauy chain-light thain pair [providing a seeond kinding specificity) in the other arm. It was found that
this asymmewsic structure facilitates the separation of the desired blsperitic compound fram unwanted immunoglobulin
chain comhinations, as the presence of ao imnumaglnbulin fyht chain in only cne half of the bispazific molpeule
provites for a facile way of separation. This approach is disclosed in PCT Publication No, WO 94/04690, publisher on
March 3, 1884,

For further datalls of genarating bispecific antibodies see, for example, Suresh &t a4, Mathods in Enzymoloqy
121, 210 {1986).

i Hetzrurngjugate atibodies

Heterocanjugate antibiedies are also within the scope af the present invention, Heteroconjugate antibodias
are composed of two covalently joined antibodies. Such antthadies have, fer example, been proposad to target immune
system cells 1o unwantad cells {U.S. Patert Ne. 4,676,980), ant for treatnwnt of HIY irfection (PCT application
publication Nos. WO 8100350 and WO 921200373; FP 0308%). Heterocanjugate antibodies may be mata using eny
convenient crosslinking methods. Suitable cross-inking agenis are well known in the art, and are disclosed in U.S.
Patant No. 4,676,830, along with a numther of cross-linking technfques.

fviilAntibody fragments
In certain embodiments, the aeti-wkC ontibody finclding muring, human and humanized antibodies, and

entibody variants) is an antihedy fragment. Yacious (echniques have been daveloped far the production of antibedy
fragments. Traditiunally, these fragments were derived via proteolytic digestion of imact antibodies ises, 2.4,
Morimota 2 af, L Binchem. Siophys. Hethods 24:107-117 118921 and Brennan at af, Seiarca 298:37 (1985)).
However, 1hese fragments can now be produced directly by recombinant host cells. Fur example, Fab™-SH fragmsnts
can be dicently recovered from £ eoff and chemically coupled to furin Fisb'), fragments (Carter ot af, SinfTechutagy
10:163-187 (1952}, In ncther embodiment, the Fiat), is formed using the leucina zipper BCN4 ta promots assembly
of the Fiab'), malecule. Accenfing to gnother appraach, Fy, Fab or E{al’), fragments can be isclated directly from
recambinant host cell cuiture.  Other techniquas for the production af anribody (ragments will be apparent to the

skilled practitienar.
a4
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fin] Aming acid sequenve variamts of antibodies

Aminc acid sequence variants of the anti-tikC antibodies are prepared by intraducing appropriate nugleetide
changes iato the enthukC entidady DNA, or by peptide symhesis. Such variants includs, for exampla, deletions from,
andlor insertions into andior substilulivns of, residuss within the aminn aeid scquences of the anti-trkC antibadies of
the examples herein, Any combination of deletion, insertian, and ssbstitation is made 1o arrive al the final runstmet,
provided that the final constrect pessesses the desivell charectenistics. The amiio anid changas also may alter post-
wanslational processes of the humanized or variant anli-rkC antibody, such a3 changing the number or pasitien at
plycasylation sites.

Ausetul method for identification of certain residues or regions of the anti-trkG antibody that ara peeferreq

locations fur matagencsis is colled "alanine seanning is," &5 described hy Gunninghain and Wells Scionce,

244:1081-1085 (1888.. Hars, a reziduz or gronp of target residues are identified (2.4., charged residues such as arg,
asp, his, Iys, and glul snd replaced by a neviral or negefively charged arsino acid fmost preterably alanine or
polyalznine) wa affsct the intaraction of the amin acids with 1} anigen. These amina acid locations demonstrating
funetional sensitivity to the substitutions then are refined by introducing further or other variants al, e for, the sifes
of substitetion. Thus, whils tha site far iniroducing an aminu acid sequence vasiation is predecermined, the nature af
the mutation per se nesd ot be predetermined. For example, to analyze the performance of a niutation at a given
site, als scanning or random mutagenasis is conducted at the target codon or ragion and the expressed antiakC
antihady variants arc screenzd fur the desired activity.

Amiro acid sequence inserions Inelude amino- andjor carboxy)-lermingl fusions ranging in length frem one
residus to polypeptides containing a Ywndred ar more residues, as veell as intrasequence insertions of single or
wnultiple ammno Bcid residues. Examples of terminal insertions include an enti-rkC antibody with an N-terminal
awthiony! residua or the antibedy fused to an epitope tag.  Oiher insertional vaciants of the anti-trkG antibatiy
mafeculs include the fusion to the M- or C-teminus of the anti-vkC antibody of an eneyma of @ palypeptide which
increases ihe serum haif-life of thie antihody {see below).

Another type of variant is an aminn acid substitution variant. These variants have al [easl one amino acid
wesidug in the anti-rkC antihady molecule removed and a different ragidus inserted in its place. The sitos of qgreatast
interest for substitutional mutagenesis inelude the hypervariabla regians, but FR aiterations are also eontemplhted,
Gonservative substitutions ara shawn in Tahle 1 under the heading of “preferred substitutions™. If such substitetions
rosult in @ clange in biolegical activity, than morg substantial changes, deneminated "esxemplary substitations” in
Talle 1, or as further deseribsd hefow in selerence to amino acid :lasses, may be introduced ang the products

sereened.

JP 2004-500873 A 2004.1.15



—/
L T T e T e T e T e T e O e T e T e B e T e T e T e T e T e T e O e T e R e T e R T e T e R e T e B |

Wi 01/098361

(215)

PLTILS0120053

Tahle 1
Orlginal Residue EKETEI[][HIW . Fref.erlgd
Ala [A) val; ley; ila val
Arg (R lys; gin; asn lys
Asn (N gin; his; asp, lys; arg gln
Asp () alu; asn gl
CysiC) set; ala sar
Gln {0} asn; gy asn
Glu (E) asp; gl asp
ﬂ ala ala
His (] asm gie; lys; arg arg
e {1} leu; wsl; met; aja: Iy
phe; nirleuzing
Len (L} natiencines ile; val; ile
met; ala; phe
Lys iK} argt; gh; asn arg
Met (M} leu; phe; ity lew
Phe iR} E}l_al; Jlex ale; tyr tyr
Pra (P} alz ala
Ser (8} thr thr
Thr [T} sar Al
Tip (M) tyi; phe e
Tyr [¥) ep; phe; thi; sey phe

-28-
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Val iV ite; lew: met; ghe;
ala; norlcucing

BU

Substantial modifications in the bislogival properties of the antibady are accomplished by selecting
substitutions that differ sigrificantly in their efiect an maintaining (a} the structure of the polypeptide backbone in
the area of the substitution, for example, as a sheet ar helical canformation, i) the clarge or hydrophohicity of the
molecule at the target site, or [c) the hulk of the side chain. Naturally occurring residues are divided inta groups
basad on common side-chain proparties:

{11 hydraghobie: norleucine, mat, ata, val, lew, ile;

{2 neutral hydraphilic: cys, ser, thr;

13 aeidic: asp, glu:

{4) basic: asn, gin, his, fys, arg;

{6} resdues that influence chain erientation: gly, pro; and

{B) aromatic: trp, tyr, phe,

Nurr-conservative substittions will entail exchanging a member of one of these clagses far another class.

Asty cystaing rasidua not invalvad in maintaining tha preper conformation of the humanized or variant anti-
kG amttdbody also may be substituted, generally with serine, to improve the oxidative stability of the molecule and
prevent aberrant crosslinking. Conwersely. cysteing hond{s) may be added to the antibody to improve its stability
tparticularly where the antbedy is an anlibody fragaent such as an Fy tragment).

A particularly preferred type of substitutional variant involves substituting one ar mare hypervariable region
residues of a parent antibody {e.g. a fumanized or hunan antibody).  Generally, the resulting variant(s} selected for
forther development will have improved biolupical properties relative to the parent antibody fram which they are
yeneraied. A cinvenient way fur generating such substifutional variants is affinity maturation ustng phage display.
Briefly, several hypetvarisble regian sites lag. 6-7 sites) are mutated (o generate all possible aming substitutions at

each site. The antibody varants thus yenerated are displayed in a fashion from fi phage

partieles as fusions ta the gene N product of M13 packaged withn each pacticle. The phage-displayed variants are
then screanad for their biclagizal astivity (eg. hinding affinity} as hevein disclosed. In order to identify candidate
hypervariable region sites for modification, alanine scanning mutagenesis can be parformed to idantify Rypervariatle
region residues contributing significantly to antigen binding. Altematively, er in addition, it may be bencficial to
analyze a crystal structure of the antigen-antibody complex to identlfy comsct points betwaen the entibody and
buman wC. Such contact residues and naighhoring residues are candidates for substitutian according 1o the
tachrinuas slaborated herin. Omee such veriants are paneratad, the panel of variants ia subjscted tu screening as
fdascribed hergin and antfndics with superier preperties in one or mora relevant assays may be schected for further
Urvelopment.
fixf Glycosylation variants of antibodies
27-
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Antibodies are glycosylated at conserved positions in their constant regigns Lefferis and Lund, Ghon,
tmnuaol. 85:111-128 [1897); Wright and 8lorrisan, TibTECH 15:26-32 1188711 The oligesaccharide sida chaing of
the immunoglabuling affact tha nretein’s function {Boyd et of, Mol. lnnunel. 32:13111318 (1898); Witlwe and

Howard, Biochem, 29:4175-4180 (19901}, and the intramolecular interactiun betveeen partions of the plycoprotein
wihich ean affect the conformation and presented tree-danensional surface of the glycoprotain {Hetfeds and Lund,
supra; Wyss and Wagner, Current Opin, Biotech, 7:409-416 [19961). Olignsaccharides may also serve to target
given glycepratein to certain molacules hased upon sperific racngnition struciures. For examiple, it has been reported

that in agak ylated lgG. the ide moiety 'tlips’ out of the inter-CH2 space and terminal N-

acetylglueosatiing residuas become avaitable to hind maimose binding protein (Malhotra ef &f, Naturs Med. 1:237-
243 119551 Remaval by glycopeptidase of the oligosaccharides fram CAMPATH-1H {a recombinant humanized
muring monaclonal IgG1 antibety which recognizes the CDw5Z antigen of human lymphacytes) produced in Chinese
Hamstar Dvary {GHO) cells resulted in a complete reduction in complement mediated lysis (GMCL) (Bovd e¢ 2/, Mol.
Immupel, 32:1311-3318 [1998]), while selective rempval of sialic acid residues using reuraminidass rasolted in no

loss of DMCL. Glycosylation of antibodies has also heen reported 1o affect antihody-deperdent cellular cytotaxicity

{ADCEL. In particular, CHO rells with yeline-regulated of P3t1.4-N-acet itransferase H

GNTHY, & ylycosyliransi lyzi ion of hisecting GleNAc, was reparted to bave improved ADCL
activity (Umana e¢ &/, Mature Biotech, 17:178-1B0 [1392]).

Glyeosylation variants of anfibodies are variants in which the glycosylation pattem of an antibody is
altered. By aitering is meant deleting one or mara carbohydrate moieties found in the anlibody, adding ene or more
carboliydrate moiatigs ta the antibody, changing the composition of plycosylation {ghycosylation pattern), the extent
of glycosylation, etc. Blysasylation variants may, for cxample, be prepared by remaving, ehanging andfor adding one
of more lyeasylation sites in the nucleic acid sequence encading the antibedy.

Glycosylation of antibodies is typically cither N-linked or D-finked. N-linked refers to the attachment of the
carbohydrats moiety o the side chain of an asparagine residue. The tripeptide sequences asparagine-X-serine and

asparaging-¥-thraonine, where X is any amino acid except proline, are the recognition sequencas for snzymatic

h of the ydrata moiety to the jine side chain. Thus, the presence of either of these tripaptids
sequences in 8 polypeptide creatss a potontial giycosylation site. O-finked plycosylation refars ta the atlachmant of
one of the sugars N-acevigalactosaming, palactose, or xylose o a hydroxyemine acid, must commonly serive or
threoning, although 5-hydrexyproling or S-hydraxylysine may alse be used.

Addition of glvcosylation sites o the antibady {2 conveniently accomplished by aliering the amino acid
saquence such that it canfaing one or mare of the above-deseribed ipaptida saquances {for A-linked glycosylation
sites). The altcration may alsn he made by the addition of. or substitution by, one or mare seniae or threoning
Tasitdues 1o the sequence of the arigina! antiiody [far Olinked glycosylation sites).

Nucleic Beid motaculas ancoding amino acid sequence variznts of tha anti-kC entibady are prepared by a

varigty of methods known in the art. These metheds include, bul are not limiled to, isolation from a natural source {in
TR
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the rase of naturally gcourring amine acid sequence variants) oF

preparation by ol ide-retiated lor sits.
directed) mutagenesis, PCR mutagenesis, and cassutte mutagenesis of an eatlier orepared veriant of a non-variant
version of the anti-tekC antitiody.

The glyosylation {including glycosylation pattern) of antibodies may also he altered withaot altering the
underlying auclzotide sequence. Glycosylation largely depends on the host ced) vsed to cxpress the antiody.  Since
the cell type used for expression of recombinant lycoproteins, g.0. antbadies, as potential tharapsutics is Taredy the
native eell, significant varistions in the glycosylation pattern of the antibodies can e expected {(see, 9.0, Hsa of 2f, J.
Biol. Chenmt. &:9062-9070 [1887)]. In additinn to the choice of host cells, factors which &ffect glycosylation dtrring
recombingnt production of antibagies indlude grovith mede, media fomulation, culure density, oxygenation, pH,
puritication schemes and the like, Various methads kave been proposed to alter the glycosylation partam ashigved in
a particular host orgenism inchiding introducing or overexpressing cerltain enzymes Involved in aligosaccharide
praduciien (. 3. Petent Mes. 5,047,235 5510261 and B370.208).  Glycosylation, w cortain tynes of
ghyrosylation, can be enzymatically removed from the giycopratein, for example using endogiycasidase H (Endo H). In
addition, the recombinant hwst eall can be penetically engineerad, e.g. make dafective in processing certain Lypes of
nolysaccharides. These and simifar technigues ass well known in the art.

The plycesylation siucturs of aptibodies ean be readily analyzed by conventional technigues of
carhohydrate analysis, including leetin chromatagraphy, NMR, WMass spacttmetry, HPLE, GPC, menasaceharids

compositional analysis, sequentiai onzymalic digestion, and HPAEC-PAD, wiich uses high pH anion exchange

graphy 1o separate olig hatides based an charge, Mathods for releasing nliyosaccharides for analytica)
purpses aré also knoven, and inclurle, withaut imitalion, enzymatic trastment fcammanly parformad using geptide--

glycosidase Flendo-Bogelactosidese), elimination using harsh alkaline enviranment ta refease mainly C-finked

structures, and ¢ 2l methods using aniydraus hydrazine t release hoth - and D-inted olignsaccharides.

i Gther moklieations of antibodies

The anti-trkG antibodias disclosed fercin may alva be formuigted as immonoliposomes.  Liposemes
containing the antiboly are prepared by methas known in the art, such as described in Epstein of af, Proz, Mati
Aead. Soi, US4 B2:3688 (1985); Mwang et af, Proe. Kotl Acad Sci, USA 77:4030 (1980k and 1S, Pat. Mos.
4,485,045 and 4,544,545, Uiposomes with enhanced circulation time are discloged in .5, Patent No. 5,015,558,

Particulzrly useful liposamss can be generated by the reverse phasa evaporation method with a lipid

camposition comprising Icholing, chol | and PEG-derivatized phosphatidylethanolamine (['EG-PE).
lipasnrmes arg extruded shrough filiers of definad pore size to yieh! lipnsomes with the desire¢ diameter. Fab®
fragments of the antibady of the present iovention can ha conjugated Lo the iposomes as described in Martin o 2, J/,
Bigf, Chem. 257:286-288 11982) via & disuliide interchange reaction. A chemotherapeutic agent {such as
Doxarubicin] is optionally containad within the liposome. Sce Geblaon of 27, & Alstias! Soacer bst.81118):1584

1989,

-29.
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The antibesy of the prasant invention may also be used in ADEPT by conjugating the artibody te a prodrug
activating anzyme which converts a prodrug (e... @ peptidyl chematherapeutic agent. sse WOB1!01145} to an active
anti-cancer drug. See, for example, W0 88107378 end LS. Patent No. 4,975,278,

The enzyme component of the immunoconjugata ugeful for ADEFT includes any emzyme capable of acting on
& prodrug in such a way s as to covert it into its more active, cytotaxic form.

Enzymes iiat are uselul in the matbiod of this invention inchide, but are not limited 1o, alkaline phosphatase
useful for canverting phasphate-comaining prodrugs into free drups; arylsulfatase useful far ronverting sulfate-
containing prodnugs into frew drugs; cytosine deaminase useful for converting noo-tuxic 5-fluorocytosine into the anti-
cancer drup, 5-Fuorouracil; proiesses, such as serratin prateass, themmalysin, subiifisin, carhoxypeptidases and
cathepsing {such as cathepsing B and L), that ars ussfol for comverting peptide-containing prodnugs into free drugs; D-
alanylcarhexypeptidases, useful for converting prodrugs that contain D-amino awid substituents; carbohydrate-
leaving ulzym'cs such as -gelactosidase and nauraminidase useful for converting glycasylated prodrugs into free
drugs; -lactamase useful for converting drugs derivatized with -lactains inta fice dags; and penicillin amidazes, such
as penicilin ¥ amidase or penicillin G amidase, useful for converting drugs derivatized et their amine nitragens with
phenaxyacetyl or pienylocetyl groups, respectively, ino lree diugs. Altcrnatively, antibodies with enzymatic activity,
alzn krown in the ar 45 "ahaymas”, can ba usad ro convert the prodrugs of the invention inte free active drugs [see,
24., Massey, Natare 328:457-658 [1987)). Antibody-abryme canjugates can be prepared as described harain for
delivery of the abzyme ta a temor eell population.

The enzymes of this invention can he covalently bound to the anti-trkC entibodies by technigues well known
in tha art such as the wse of the haterohifunctional crasslinking reagents discussed above. Altermatively, fusion

proteins camprising at least the antigen hinding region of an antiaody af the investion linked to at least a functionally

activa portion of an enzyme of the invention can be i using inant ONA el knawin in the
art isee, g7, Neuberger &2 ar., Alature 512:804-608 [1434]).

In certain embodiments of the invention, it may be desirable 10 use an antibody tragmenl, rather than an
intact antibody. In this case, it may be desirable to modify the antibody fragment in order to increase its serum half-
life. This may be achicved, for example, by incorporatian of & saluage receptor binding cpitope into the antihody
fragment (eg., iy mutation of the apprepriate regian in the artibody fragment of by incorparating the epitope into a
poptide fag that is then fused o the antibody fragmant at either end or in the middle, g, by DNA o peptide
wynthesis). See W086/32478 published Ootober 17, 1996.

The salvags ressptor hinding epitopa penerally constiluies a region wherein any ong or marg aming acid
residucs [ram one of two lasps of 3 Fo domain are transfarred to an analogous pasition of the entiedy fragment.
Even more preferably, thres or more residuzs from ane or lwa loops of the Fe danein are transferred.  Still more
preferti, the epitope is taken from the CH2 domain of the Fe tagian (a9, of an 1p6j and transferred to the CH1,
CH3, or ¥, regian, er mars than one such region, of the antibody. Alternatively, the epitope is taken from the GHZ

dnain of the Fc regior and fransTerced ta the €, regian or Yy region, or both, of tha sntibady fragment.
30-
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Covslen; modifications of the humanized or variant anél-irkC antibsdy lincluding glycosylation variants} are
alsa inehided within the scope of this invention. They may ke made by chemical synthesis or by enzymatic ot
chemical cleavage of the antihady, if applicahle. Other Lypes of covslent modifications of the antibody are introduced
inta the molectie by reacting targeted amino acil residues of the antibady with an organic dervirtizing agent that is
capshle of reacting with selected side chuins ar the N- or C-terminal residues. Exemplary covalent mogitications af
nolypeptides are deserihed in LS Patent 5,534,615, specifically incorporated herein by referency. A preferred type of
covalent modification of the awtily comprises linking the antisody to one of 2 variety of nonproteinacanus
poiymers, &.¢.. polyethylens glycel, polygropylene ghycol, of palyoxyalkylenes, fn the manner set forth in LS. Patent
Nos. 4,640,835 4,496,689; 4,301,144; 4,670,417; 4,791,192 a1 4,179,337,

2, Vectars, Host Gells and Recombinant Kethods

The invention alsn provides isolated nucteic acid encoding the nan-human, eg. murine and human anti-ukC

antibadiss of the present invention fincluding the humanized versions of the non-human antilmilies), vectors and host

- pells comprising the nucleic aetd, and rrzombinant techniquas far the ion af the antibodi

For racambinant preduction of an antbbady, the nucleic acid encoding It may be isolated and inserted into &
replicable veztor for further cloning tamglification of the O/ or for exprassion. In anather embadiment, the antibody
may bs praduced by homologous recombination, £.g. as described in US Patent 5,204,244, specifically incorporated
herein hy referecce, ONA crending the monaclanal antibody is readily isulated and saguenced using conventional
procedures [2.g., by using efiganuclectids prabes that are capabile of binéing specitically to penes encoding the haavy
and light chains of the antibodys, Many vactors are avallable. The vector components generally include. but are nat
limited to, one or mare ef the following: a signal sequance, an arlgin of replication, one or mars marker genss, an
wiancar element, a promater, and a transcription termination sequence, &g, as deseriied in US Patent 5,534,815
issued July 9, 1996 and specifically incarperated hercin by reference.

Suitable hast cells for cloning or expressing the DA in the vectors herein ae the prokaryote, yesst, nr
higher eukaryote cells described abave. Suifable prokaryutes for this purpose include eubacteria, such s Gram-

negative or Gram-pasitive crganisms, tor example, Enterobecteriaceae such as Fcheriife, .1, E. rof, Faterobacter,

Frwinia, Klebsisla, Proteus, £4., il Lyl Sarratia, aq., Sewatia sicescans, and
Shigelia, as viell as Baciti such as B. subitiiis and &, fcheniforns le.g., 8. Fecheniformis A1P distlosed in DD 266,710
published 12 April 1989, Psatid sch as P, aeragih and Strap . One preferred £ eolf cloning host

is E. 2ok 204 IATCC 31,446}, although othor strains such as £ coff B, £ coff %1778 (ATCC 31.537), and £ cof
W3110 (ATCE 27,328} arc suitable. These examples arg ilustrativs rather than limiting.

(0 adrition to prokaryotes, euaryotic microbes such as filanentous fangl or yeast are suitable claning or
axpression hosts for anti-trkC antibody-cneoding veclors. Sagchoramyeds corpyisiss, of comman baker's yeast, is tha
mast commonly vsed among lower eukaryatic iost microorganisms. However, a number of oher genera, spacies, and
strains are commonly available and useful herein, such as Schizasaccharomyces pombe; Kinyveromycas hosts such

a5, a4 K. tactis, K. fragits (NTCC 12,420} & Swlgacices (RTCG 16,045), . wiekersmiif {(NTCC 24,178), X waltid
31-
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{ATCC 58500}, X. drosophiizrar (ATGC 3B.908), X . thermatolerans, and K. marisnus; yamowis (EP 402,226}
Pickia pastaris {€P 183,070); Candida; Trichodenna reesia (EP 234,234); Neurospora crassa; S i such

as Se rf: and fit fungi such as, e.¢., 5pord, Fomicitiom, Te . and
Aspergitis hosts such as 4. piduisns and 2. sger,

Suilahle host cells for the expression of glycosyiated anti-teC antibody are derived from muhicellular
organizms. Exemples of invertelrete cells include plant and insect cells. Mumerous baculoviral strains and variamts
and corresponding penmissive insecl hwst cells trom hosts such as Spodssicns fragiperda (caterpillan, Aedes aegyptl
[mosguitod, Aedes albopictys (mosquitol, Drasaphia mefsnagaster Hwitfly), and Sombyx mor bave bean identified. A
varisty of viral strains for transtection are publicly available, eg, the -1 variant of Jitographs cuiforzica NPY and
the Br-5 strain of Semdbyx morf NPV, and such viruses may be used as the virus herein according to tha presant
invention. particularly far transfection of Spodapkers frugiperde tells. Plant cell cultures of coltan, corn, pulato,
soybean, petunia, tomate, and fobacco can alsa be wiilized ag hasts.

Howauar, in7grest has been areatest in verighrate cells, and propagation of vertebrate colls in culturs {fissue
culture) has bexome a routine procedure. Examples of useful mammalian host cell lines are mankey kidney CV1 line
transformed by S¥40 (€S-7, ATCC CRL 1651); human embryanic kidney line {293 at 283 eclls subclonad for grnwth
In suspensinn culture, Graham &f al, J. Gee Virel 35:59 {1977]); baby hamster kidnay cells (BHK, ATCC CCL 10k
LChinese hamster ovary cellskDHFR (CHO, Urlaub ef af, Proc. Natl. Acad. Sci. US4 77:4216 1880)); mouse sertul
cells [TM4, Mather, Sind Reprod. 23:243-251 [18800;; monkey kidney cells (CY1 ATCC CCL 70); African preen
monkey kidney cells IERB-76, ATCC CRL-1587); huran cervice) carcinema cells (Hela, ATCC CCL 2); canine kilney
vells (MDCK, ATCG CGL 34); buffaln rat lvar eslis (BRL 38, ATGG CRL 1442): human lung cells W38, ATCE CCL
761; uman liver calls (Hep G2, HE 8085 mause mammary tumar (MM T DB0582, ATCC CCLG1); TRI cells {Mather of
&l Apnafe ALY, Azad. Ser. 383:44-88 1188211 MRC B cells; and F54 cells.

Host eells are transformed with the above-described expression or cloming vectors for anti-trkC antibady
praduction and cuttured in conuentional mutiient media modified as appropriate fur inducing promoters, selecting
transformants, or amplifying the penes encading the desired soquences.

The hast celts used ta produce 1he anti-trkE antihody of this invention may be caltured in 2 veriety of madia.
Commercially evaileble media guch ez Ham's F10 (Sigma), Minimal Essential Medium (IMERT} {Sigmal, RPMI-1640
{Sigmal, and Dulbecco’s Modified Eagle’s Medium (DMEN) 1Sipra) are suiloble for eufluring the host cells. In
addition, any of the media dascrihed in Ham er &f, Meth. £az 58:44 [1978), Barnes of af, Anal Biechem. 102:266
11980}, U.5. Pat. Nos. 4,767.704; 4,667 860, 4,827,762; 4,660,658; or 5,122,469; W0 90:63430; WA 87/00795;
ur 1.5, Patent §s. 30,985 may be used as culture madia for tha hast cells. Aoy of these media may be supplemented
as mecessary with harmones andlor other growth fectore (euch as insulin, transfarin, or epidermal groweth fastor),
salis (such ag sedium chlorde, calcium, megnesium, end phosphate), buffers {such as HEPES), nucleolides lsoch as
adenasine and thymidine, antibiatics fsuch as GENTAMYCIN'™ drug), trace elements {definad as inorganic compounds

usually present at tinal concenlrations in the micromelar rangs), and glucose OF an equivalent enengy source. Any
32-
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other necessary supplements may alse be included at epprepriste concentrations that would be known to those
skilled in the art. The cultwre conditions, such as tomperature, pH, and the like, are thnge previously used with the
host cell selected for expressian, and will be apparent ta the ardinarily skifled artisan.

Yihen using recombinant techniques, the antihady can be produced intracellularly, in the periptasmic space,
or diractly secrated into the medium. If the entibody is produced intracellularly, as g first step, the perticulats debris,
either hast cells or lysed fragments, is removed, for example, by centrifupation or ultrafiltration. Carter ef of,
BisiTachnology 10:163-167 (1992} describe a procedure for isalating antibodies which are secrated to the
periplasmic space of £ coli Brieily. cell paste is thawed in the presence of sodium acetate pH 3.5), EDTA, and
phenylrmethylsutfonyfluaride (PMSF) over shout 30 min. Cell debris can be removed by centrifugation. Where the
antibady is secreted into the madium, supernatants from such expression systama are generally first concentrated
using & commercially available grotein concentration filter, fer sxsmple, an Amicon or Millipore Pellicen ultrafiltration
unit. A protesse inhibitor such as PMSF may be included in any of the foreguing steps fo inhibit proteslysis and
antibiotics may be included to prevent the growth of adventitious contaminants.

Tha antibody composition prepared fram the cells can be purified using. for example, hydroxylapatite

ch hy, nel electy dialysis, and affinity chromatography, with affinity chromatography being the
preferrad purification tachmigus. The suitability of protein A es an affinity ligand depends on the species and isotype
of any immuneglobulin Fc domain that is present it the antibody. Prolein & ean be used to purify antibodies that are
hased an fuman 1, 2, or 3 heawy chams (Lindmark ef af, J. fmmoasl Meth. 62:1-13 {1983)]. Protein G is
recommended fur all mouse isolypes and Tor human 3 (Buss of &, FMED /. 5:16671575 (1988]). The matrix ta
which the affinity ligand is attached is most often agargse, but other matrices are aveilable. Machanically stable
matrices such as controlled pore glass or polylstyrenedivinyllbenzene allow for faster flow rates and shorter
processing simes than can be achieved with agarose. Where the antthady compnises a Cy3 domain, the Bakerbond
ABX™ resin 1. T, Baker, Phillipsturg, NJ) is useful for purification. Dther techniques for pretein purification such as
fractionation vn an jw-exchange column, ethanal precipitation, Reverse Phase HPLC, chromatagraphy on silica,
chromatagraphy on heparin SEFHAROSE™ chromatography on an anion or catian sxchangs resin {such as a

palyaspartic acid column), chromatofocusing, 5DS-PAGE, and ammonium suHfate precipitatian are also available

ilepemding on 1he antibody ta be recoverad.

ﬁnllnwing any prefiinary purlfication stepis) the mixtura comprising the amihody of infercst and
contaminants may be subjected ¢o low pH hydrophobie interaction chramatography using an elutian huffer at a pH
hatween about 2.5-4.5, preferabily pacfarmed a1 Tow salt concentrations (e.., from aheut 0-0.26M salr).

3. Identitication of Agonist anti-trkC Antibodiss

Agonizt antibodies miay be identified, for example, using the kinase receptor activation jKIRR) assay
described in U, S. Patent Mos. 5,766,883 and 5,891,850, This ELISA-type assay is suitable for qualitative or
quantitative measurament of kinase activalion by mcasuring the autophosphorylation of the kinase domain of a

reeepior protein tyrasine kinase IPTX, &, trk recepiar), as well as for identification and characterlsation of putentisl
a3
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aqgonist o antagorists of & selacted rPTK. The first stage af the assay involves phosphorylation ul the kinage domain
af a kinage receptor, in the present case a tkG receptor, wherain the receptor is prasent in the cell membrane of 2
eukeryotic cell. The recepror may be an sndogenous seceptor or nucleic acid encoding the receplor, of a receptor
cunstruct, may be transformed inta the cell. Typically, @ first safid phase le.g., a well of a first assay plale) is coated

witha ¥

p of such calls {usually 2 mammalian cell line} so that the cells adhere
the sofid phase. (ften, the ealis are wfherent and thereby adhers naturally to the first solid phase. M a “raseptor
construet” 45 usad, it usually comprisss a Tusion of a kinase raceptar and & flag palypeptide. The flag polypeptide is
racogaized 0y the capture agent, ulter a captare antihedy, in the ELISA part of tha assay. An analyte, such as a
randidate agonist, is then added to 1he wells having the adherent cells, such that the Lyrasing kinase receplor fe..
trkE receptar) is axgosed ta (ar contasted with) ta anafyte. This assay enables identification of agenist figands for
the tyrosine kinase receptor of interest {e.q. trkC). It is also possible to use this assay fo dstact antagonists of a
1vrosine kinass raceptor. In order fo delect the presence of an antagonist ligand which blocks binding of an agonist 1o
the roceptor, the adhering cells are expased ta the suspected antagonist ligand first, and then to the agonist ligand, se
that competitive inhibition of receptar binding and activation can be mieasured. Also, the assay can identify an
antagonist which binds 1o the agenist ligand and thereby reduces or eliminates its ability 1o hind to, and activate, the
tPTK. To de‘tem such an antagonist, tha suspected antagonist and the aganist for the sPTK are incukated together
and the adhering celis are then expased ta thiz mixture of ligands. Fallowing exposure to tha analyts, the adhering
cells are solubilized using 3 lysis buffer twhich has a sohubilizing detorgent therein) amifl gentle agitation, thershy
releasing eell ysate which can be schjected to the ELISA part of the assay direetly, without the nesd Tor cencentration
or clerification of the cell lysaie,

The coll lysate thus prepared is then ready ta ba subjeeted fa the ELISA stage of the assay. As a first step
in the ELISA stage, a second sofid phase {usuaily @ weif of an ELISA micratiter plate] is coated with a caplure agant
faften 2 capture antibody} which hinds spesifically to the tyrosine kinase receptor, or, in the rase of a receptor
construet, to the fiag pelypeptide. Coating af the secand sclid phase is carried aut so that the capture agent atdheres
ta the second solid phase. The capture agent is gonerglly  moroclonal antibady. but, 88 i3 described in the examples
fiecein, polyclanzl antibodies may alsa be used, The cell lysate obtgined is then exposed to, or cantacted with, fhe
adhering eapture agent sa that the veceptor er recoptor construct adherss to for is captured in) the secend soiid
phase. A washing step it then caniet eut, so as tw remove unbound cell Tysate. lsaviny the captured receptor or
recaptor construct. The adhering ot cagtared receptoe of receator construet is then exposed to, o cuitacted with, sn
ami-phesphotyrosing antibody which identifies nhosphorylated tyrosine sesidues in the tyrosine kinase receptor. In
the prieferred embodiment, the ant-phosphatyrasing anribedy is conjugated Jirectly ur indirestlyl i an enzyma wiich
vatalyses a color change of a nan-radioacrive calot teagens, Accordingly, phosphorylation of thz receptor can be

measured by a sasequent £olsr change of the reagent. The enzyme can be basnd to the anti-phesphatyrosine

antihody direetly, or a conjugaiing molecule {e.g., biotin can be con| ad to the anti-phosphotyrosine antibady and
the ensyme can be subspouently hound to the anti-phosphotyrosine entibody via the conjugating meleculs, Fivally,
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binding of the anti-ghosphotyresing antibady fo the saptured roceptar ur reseplor constiuct is measured, e, by o
cafor change in (he color reagent.

Fallowing inizfai ientification, the agenist activity can be further contirmed and refined by bioassays,
knowin ta test the fargeted bintgical ectivities. For example, the ability uf anti-ticC mannclanal antinodies To nintic
the activity of NT-3 ¢an be tested in the PC12 newrite oulgrowth assay as deserbed in Example 1, and canfirmed in
known acimal madols of neuradegunerstive diseases, such s the experimental animal models of cisplatin: and

pyridnxine-induced neuropathies described in Example 2.

3. Therapoutic and Diaunostic Uses of Agonist anti-TrkE Antiborins

The anti-trkl: aganist autivedics of the prasent invention are belicved to he useful in the treatment Jincluding
prevention) of disorders the pathology of which involves cellvlar degeneration or digfunciion, In particular, the anti-
kb agonist antibodies are pramising candilates for the treatment of various {chronic] neurodegenerative disorders
and acute nerve call injuries. Such naurodegenerative gisordets include, without limitation, peripheral nodropathies;
motormeuren disorders, such as amylotrophic lateral sehlerosis (ALS, Lau Gehrig's disease), Beli's palsy. and various
conditions involving spinal musculsr atrophy or paralysis; and other human neurodegencrative diseases, such as
Alzheimer's disease, Parkinsan's disease, cpilepsy. multiple schlzrogis, Huntinglon's chorea, Down’s Syndroma, narve
deainess, and Meniere's disease, and acute rerve call injuries, for pxamnle due ta trauma or spinal cord injury,

The anti4rkC antibodies of the prescnt invention ar belizved 1o b particulary suited for the treatment of
paripheral roaropathy, @ asurodegenerative disorder that affects the paripheral nerves, mast olten manifested as one
or a cambination of mater, sensory, sensarimotor, or autanomic dysfunction. Peripheral neurapathies may, for
example, be genetically eoquired, ean result fram & systemic disease. can be induced by a toxic agent, such ss a

neurotoxic drug, eg. antingoplasiic apent, or industrigl or enviramenta] polivtant, or cen be idispattic. Thus,

peripheral sensory i e ized by the d ion, fecrease of failure of funefion of peripheral
sensory neurans, which may vccur, for example, as a consequence of dishetes {diabotic neuropathyl, cytostatic drug
terapy in cancer (e.g. reatment with chemotharapeutic agents such as vineristing, cisplatin, methotraxate, or 3

azido-J'-dagxythymiding), alcobalism, aequired immunodefici syidrome {BIDS), or genatic predispesition.

Genetically aequirad peripheral neuropathies include, far example, Refsum's tiseese, Krabbe's disease, Matachramatic
levkodysirophy, Fabry's diswass, Dejerine-Boltas syndrome, Abetalipaproteinemia, and Charcot Marie-Tosth [CMT)
Disease falso kaowun a5 Proneal Muscular Alropiry or Hareditary Motor Seasory Newrapagiy (RIS,

Dased on the demonstrated ability of NT-3, tha pative ligand of the trkC receptor, 1o promole preliferation
of puripheral biood [evkocytas, the anti-trkC ugonist antibodies of the prasent invention may be usad alsy ay
therapeutic agents for We treatmant of neutropenia, various infections, and tumors.  Since the expression of Lk iy
0at liniited 1o neurons, anti-trkC aganist antibodies are axpevted tu find utility in the prevention o treatment of

disnrders characterized by callular depeneration in ganaral, without rastriction to neutal celfs.
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The anti<kC antibodies of the present invantion may alse be ased to induce mugiogenesis, of tread
pathalogical conditionsfdiseases in wiiich the induction of anmiogeness is desirable. Such patolguicel canditions
inciude, far exampie, cardian ischemia tagardless of the underlying pathology, including eerebrovascilar disorders
ceused by insufficient cerebral circulation. Angiogenesis may also ba desirable in the treatment of wounds, inchuding
4leees, dinbetic complieations of sickle cell disease, and post surgical wounds.

The anti-ickG antibodies of the present invention may also be usefuf in the diegnosis of diseases involving
callular degeneratiun, in particolar the neurodegenerative diseases listed above.

For diagnostic applications, the antibody typically wilt be labaled with a detecteble moiety, Numarous
Iabel are availahle vshich zan ha generally grouped inta the following categarias:

a) Radioisatapes, such ag S, "C, "I, *H, and Y. The antibody can be labeled with the radivisotope
uging the techniques described in Surrent Frotocols in inanaiagy, Yolumes + and 2, Cofigen of 5L, Ed, Wilay-
Interscience. News York, New York, Puhs. (1891} for example and radioartivity can be measusd using scintiliafion
counting.

{b) Flurescent labels such as rare earth chelates feutopium chelstes) or fluorescein and its desivatives,
thotaming an its derivatives, dansyl, Lissaming, phyenerythrin and Texas Red are avadabie. The flunrascent labels
tun he conjugated to the antibody usin the tachnioues disclased in Carreat Protocals in immunsiagy, sypra, far
example. Fluoreseence can be yuantified usimyg a Fluorimeter.

{c) Variaus enzyme-substrate Yabels are available and U.S. Patent to. 4,275,148 provides o review of some
of thesa. The anzyms genesslly calalyzes @ chemical alteration of the chromogenic substrate which can be measured
using various techmiques. For exammie, the enzvime may catalyze a color change in a substrate, which can be

B b ively, the enzyme may aker the fluaiescence ar chemiluminescentze of the

substrale. Techniques for quantifying & change in 1 ars dascriied ahave. The chemilurni subsirate
becomes electranically excited by a chemical reactian and may then emit light which can be measurad [uzing &
cheniluninomeiar, for example} or donates enaigy to a fluorescent acceptar. Examples of enzymatic labels inchide
lueiferases {e.g.,  firetly luciferase and bacterial luciferase; U.S. Patent Mo, 4,737,4561, fuciferin, 2.3
tihydrophthalazinedi malate dat urease, i such a3 horseradish perexidase (HRPO), alkaline

phosphatase, -palactosidase, plucoamylase, lysozyme, sactharide nxiduses (e.9., glucose oxidase, galaciose nxidase,
and glucose & phasphate  dehydrogenase), beterocyelic oxidases fsuch as wicase and xanthine mxidase),
lactoperoxidase, mieropernxidase, and the like. Techniques far eonjugating enzymes to antibodies are destribud in
D'Sullivan et a1, Methods for ihe Preparation of Enzyme-Antihody Conjugates far use in Enzyme Imyounaassay, in
Methads in Enzym. Ted J. Langone & H. Van Yunakis), Academic pross, New Yurk, 73:147-166 (1981).

mles of enzyme suhst inations include, for example:

(i Howsaradish paraxidase (HRPO| with hydragen paroridase a3 a substrate, wherein the hydrapen
peroxidase oxidizes a dye mecursor feg., orthophenylena diemine (OFD) or 3.3.5,5 tetramathyl banding
hydrochiorids {TABI);
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iy alkaline phosphatase IAP) with para-Nitropheny! phosphats as chromogenic substrate; and

il -D-galactosidase {-D-Ball with a ciomopenic substiate leg., pnitrophenyl--D-galactositass} or

fluorogenic substrate 4 literyl- -0

Numerous other enzyme-subsirate combinations are available to those skilled in the art. For a general
review of these, see 1S, Pateni Mos. 4,275,149 and 4,318,980,

Sometimas, the labgl is indirectly conjugated with the antibody. The slilled artisan vaill be aware of yadous
technigues for achioving this. Fur exampls, the antibody can be conjugated with blotin and any of the three broad
catagories of labsls mentioned above can be conjunated with avidin, or wice versa. Bialin binds selsctively to avidin
and thys, the Jabel can be conjugated with the antibody in this indirect manner. Alternatively, to echieva indirect

canjupation of the label with the amhady, the antbody is conjupated with a small hapten (e.g,, digaxin) and aneg of

the ditferent types of fabols mentioned abave is canjugated with an anti-hapten antibody {e.g., anti-digoin antibody).
Thus, indirect conjugation of the label with the amtibndy can be achieved.

In anather embadiment of the inventian, the anti-rkC entihody need not be laboled, and the prassnce
thereof can ba detzcted using a labeled antibody which binds to the anti-trkC amtibody.

The antibndits of the present invention may be employed in any known assay method, such as rompetitive
binding assays, diract and indirect sandwich essays, and inmunoprecipitation assays. Zola, Menoehaal Antibories:
A Meawal of Techmigues, pp.147-158 (CRC Press, Inc. 1287),

Competitive hinding assays refy on the alility of a fabeled standard to compate with the test sample
anaiyte for binding with & livited amount of antibody. The amount of kG prutein in the test sample is inveraely
propartional to the amount of standard thut becames bound to the antibedies. To faciitate determining the amount
of siandard that becomss bound, the antibodies generally are insolubflized hefuse or after the competition, 5o that the
standard and analyte that are bound 1o the antibodies may canveniently he separated from the standard and analyte
which renain unbound.

Sendwich assays invelva the use nf Lwo sntibiodies, sach capable of binding to a diffarent immunogenic
pastion, of egitopa, of tha protein to e detected. In 8 Sandwich assay, the test sample analyte is bourd by 2 tirst
antiinody which is immohilized on 2 solid suppart, and thereaiter a seeond antihady binds to the anelyte, thus fonring
an insaluble thres-part camplex, Sen, eg.. U. 8. Patent Ho. 4,376,110, The second antibody may itself be labeled
vilth 2 detectable moisty {direct sandwich assays) or may ba measured using an anti-immuncglobulin antibody that is
Jabeled with B detsotable moicty findivect sandwich assayl. For example, one type of sandwich assay is an ELISA
assay, in which cass the retectable moiety is an enzyma.

The antibodies may alsa be used for 7 wim diaguustic assays. Generally, the antiady is labeled wilh &

radionuclids [such us "in, ®#Tc, €, 1, %, *H, ®P or *5) sn that the cells or tissue of interest can he lorafized
using immunoscintiography.
The antibodics may also be used a5 staining reagents in pathology, follewing techniques well knowm in tha

arl
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The anti-trk(: aganist aatibodios of tho present invention are believed fo possess numerous advantages over
NT-3 a5 therapeutic agents, ineluding impraved efficacy, improved pharmacskinetie praperties (K} and hioavailability,
and lack of hyperalgasia following administration.

4, Pharmaceutieal formylationg

Therspeutic formulatinns of the antibudies of the present invention are prepared for storage by mixing the

autibody having the degired degree af purity with optional physi y p earnicrs, cxcipicnis ar statilizers

VFemington's Pharmaceviical Sciences 161h editiun, Osal, A. Ed. {1980Y, ir the form of lysphilized formulations or
aqueous solutions,  Acceptable carriers, excipients, or stabilizers are nontexic to recigients at the dosages and
concentrations employed, and include bufters sueh as phwsphate, citrate, and other orgasic acids; antioxidants
including uscorbic acid and methionine: preservatives lsuch as octadecyldimethylbenzyl ammonium ehloride;
fexamathenium chioride: benzalkoniur ehforide, benzethanium chiorids; phenol, butyl or benzyl aleohol: alkyl parabens
such as methyl or propyl paraben; catechal; resorcinal; cclohexanal; 3-pentanol; and m-cresolf; low molecular weight
{less than about 10 residves) polypaptides; prateins, such as serum albumin, gelatin, or immunoglobulins; hydrophiti:
pulyniers such as palysinylpymolidane; aming acids such as glycine, glutamine, asparagine, fistidine, argining, ar
lysine; manosaccharides, disaccharides, and other carbolydraies including glucoss, mannass, of dexting; chelating
agents such as EOTA; sugars such as sugrose, mannitol, trehalose or sorhitol; salt-forming counterons such as
sodium; metal complexes {e.g., Zn-profein camplaxes); andfor nan-innic surfactants such as TWEEH™. PLUADNICS™
ur polyethylene glycol {PEG).

The fermulations herein may also contain mare than one active compound es necessery for the particulsr
indication being treater, preforably thuse with complementary activities that do not adversaly aHect each other.
Such malecules are suitably present in combination in amounts that are effective for the pumase intenced.

The active ingredients may alsa be enirapped In microcapsule prepared, for evamyle, by coacervation

technigues or by interfacial polymetization, for axample, hydroxy or gelatin-mi and poly-

{methyimeshacylate} microcepsule, r ively, in callordal drup deiivery systems {for example, lipuswies, albumin
micragpheres, micraemulsians, nano-particles and nanorapsules o7 in mecroemulsions. Such techoiques are disclosad
in Remingten's Pharmaceutical Scichees 16th edition, Osol, A. Ed. [1980L

The formulations to be used for i wvo adninistration must be starile. Thiz is readly aceamplished by
filtralion threugh sterile filtration membrenes.

Sustaied-relcase preparations may be pregared. Suitable examples of sustamedrslease preparations
include semipesmesble matrices of solid hydraphabic pulymers comaining the entibody, which matrices sre in the
lomm. of shaped articlos, e.2, films, or mieracapsule. Exanules af sustained-ralease matrives include polyesters,
fydrogels (for example, polyi2-hydroxyathyl-methecrylatel or polylvinglaleolol), polylactides [U.S. Par. Wo,
3,773,918}, copelymers of L-glutamic acid end - athy-L-glutamale, nan-degradabls athylnc-vinyl acatate, degradable
lactic: acid-ylycolic acid cugolymers such as the Lupron Depot™ finjzctable wicrospheres composed of factic avid-

glyeclic acid enpalymer and lenpmlide acetate), and poly-D-{+3-hyinnxybutyric arid, Wil polymers such as
3R
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wibylene-vinyl avstate and lactic woidyhyeolic avid enahle rolease of molecules for pver 100 days, certsin hydrogels
rdlgaso proteins for shorter tinie pariods. When encapsulated antibodies remain in the body for & long time, they may
denature or agareqnte as & teselt of exposure ta maisture at 37°C, resudling in a loss of bislogical activily and
Dossible changes in immunogencity. Hatianal sirategies can be devised for stabilization depending on the mechanism

invalved. For example, if the apgregatian ism is 0 be 0 §-5 bond farmation thraugh

thic-digulfide interehange, stabilizatien may be achieved by modifying sulffydeyl residues. fyophilizing from acidic
salutions, controlling moistura content, using approprale additives, and developing speciflc polymer matrix
compositions,

An effective amaunt of an antibady of the prosent invention te he employed theragevtically will depend, for
example, upon the therapeutic ohjsctives, the raute of auministration, and the condition of the patient. Accardingly, it
will be necessary for the therapist to titer the dosage and modify the route of administration as requirad ta ghtain the
optimai therapentic: ofiect. A typical daily dosage might tange from about 1 gikg to up to 100 molkg or mora,
depending an the factors orentionad ahove, Typically, the elinician will administer 8 malecule of the present invention
tntil & dnsage s reached thal pravides the required bislogical effect. The progress of this therapy is easily moritorsd
iy eonvantionsl assays.

Adminiztration may be by any conventionsl route known in the art ncluding, without limitisian, intravennus,
subcutaneeus, topical, intramuscular, Tntratrachea). intracerebral, intranasal, intrapulmonary, and intcaparyncal
administration,

4. e therapy

The nucleic acid encoding the antibudies of the present imvention mey also be used in gene therapy of vaifous
{chronic) neuredegenerative digorders and peote nerve coll injurins, mspecially ponetically acquired peripheral
veuropathies. Turo basic appraaches to gene therapy Iiave evolued: ex vivo pena therapy and i wive qene therapy. In
2x viea gene theragy, celis are removed from a subject and cultwed /2 wire. A functional replacement gena ig
intraduced into the cella i witro, the maditied cclls are expanded in cultura, and then reimplantad in the subject. in 2
Vi fene therapy, the target calls are nat ramoved fram the subject. Rather, the tansfewcd gene is intradused imto
cells of the recipiont 4z site, that is, within the recipient.

Several ox vive gens therepy studies in homans have besn reported and arc reviewed, for example, in

Andersan, Stionca 256:808-813 (1992}, and Milter, Mature 357:455-450 [1392).

The viability of é7 wva gene therapy has been demonstrated in several animal models, ag reviewed in Feloner
o1 al, Manusa 348:351-352 [1991). Direct pene transfer hias beon reported, for example, inte muscle tissue (Ferry af
of, Prat Net. Acad. Sci, B8:5877-8781 [1981]; Quantin of 42, Pras. Natl. Acar, Sei, USA 89:2561-2584 |1582)); the
artarial wall [Nabel 2f 2/, Science 244:1322-1344 11989)% end the nervons system {Price ¢t 24, Proc, Nell. Aced. Sei.
84:156-166 [1987].

Accardingly, the present imventivn alsu provides delivery vehirles suitable for delivery of a palynucleotide

encoding an agonist enti-irkC anifbody inls cells (whether iz wio or ox vir). Generally, a polpnuclentide enoding an
_39-
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antibody {e.g. Miesr antibody or antihady chains) wift ba aperably lided to o promoter snd a heterplogous
polynuclentide. Delivery vehicles suitable for incotporation of & polynucleotide encoding an antibedy of the present
invancion for introductiar inte a host cel include nedviral vehicles and viral vectors. Verma and Somia, Nature
389:239-247 (1887).

A wide veriely of non-viral vehicles for delivery of a polynucleotida encuting an antibody of the present
invention are knowse in the art and are encompassed in the present invenglon. A palynucleotide encoding an anti-tricC
antibedy can ba delivered f0 & coll as naked ONA {U.S. Patent No. 5,692,622 W0 87/4D163].  Alternatively, a
polynucisniide encoding an anti-trkC antibody herain can be islivered to a cell associated in ¢ varfety of ways with a
variety of substances (formis of deliwery} including, but not limited to cationic lipids; biaeompatible pulymers, incluing

natural polymers and syathetic polymers: lipoproteins; palypeptides; polysaccharides; lipopolysaccharidss: ariificial

viral envelopes; matal pacti

s: and bacteria, A defivery vehiele ¢an be a micropartiele. Mixtures or conjugates of
Ihese: various substances cen aiso be used as delivary uehiclos, A polynuvleotide encading an anthody harein can be
assaciated non-cavalently ar covalently with these various forms of delivery, Liposomos cim he targeted to a
pasticular ezl type, 8.g., to & glomerular epithelial gall.

¥iral vectors include, but are not fimited to, DNA vival vectors such as those basad on algnoviruses, herpes
simplex virws, poaviruses such es vaccinia vis, and parvaviuses, inchuding aceno-assoriated vis: and RNA vital
veetars, including. hut not Kited to, the retroviral vaztors. Retroviral vectors include murine leukemia virug, and

lentiviruses such as human immunadeficiency virus, Naldini ef 27, Seienie 272:263.267 [1996).

Man-viral delivery vehicles comprising a polyauclentide encoding an anti-trkC antibody can ba introduced inta

host calls andfor sargat ealis by any method known in the art, such 2s transicctian by the calcium phosphata

coprecipitation  technique;  electr ion;  eleciroper ilizati lignsome-mediated  transfection; baliistc
transfectiong biolistic processes including microparticle hambardment, jat injection, and needle and syringe injection; or
Iy micrainjection. Numeraus methads of transfeciun are kaowin 10 the skilled worker in the fiald.

Viral delivery vebiclos can be introduced into tefls by infection. Altcmatively, viral vehicles cen he
ncorporated inta any of the non-viral delivery velicles described abova far delivery imo cells. For example, vital
vestors can be mixed with caionfe lipids (Hodgson and Selaiman, Mature Biotechnal, 14:339-342 [958 or ismellar
lipasomes (Wilaon et f, Prac, Ratl. Avad. Sci. USA 74:3471 [1977); and Faller af 2 J. Viral. 48:259 [1984]),

I 2 praferrad emberiment, nuclaic acid encating hith the heavy and the Jight chains {including frapraents) af
an antitrkC antibody of the prosont invantion will be preseat in the seme polycistranic expression vecter, such as
tonse diselosed in U.5. Patent Nos. 4,985,196 and 1,713,339, Polycistronic exprassion vertars contain SEqUences
voding for a sscondary protein and a desired protein, wherein both the desired and sacondary sequonces are govemed
by the samo promoter. The coting saguences are separated by translational stop and start signal codons. The
expression of the secondary saquence eifucts control aver the expression of the sequence for the dosied pretein, and

the secondary pratein functions as & marker dor selection of trangfactad cells.

_a4n-
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I i ¥ivo gere therapy, the vector may be administeced o the recipient, for example, by intravanous (i)
injectian. Suitable titars will depwnd on a variety of factars, such as the particular vector ehosen, the host, strength of

promater used, and the severity of the disease haing treated.

The invention will be further illustrated by the following non-limiling exampales.

EXAMPLES
Example 1 Prgduction and characterization of agonist anti-trkC monoclenal andhadias

Production end fsotyping of Antibodies
Witd type BalblC mice and transganic mics produring human G2 or lgG4 Xenomice, describod in Mende 24
&l Natore Genetics 19: 146156 [1897]) were hyperi it gither intraper lly, via rear footpad, of

subeutanenusly with 20 pg of huran trkG-1gG {Shelton ef 2, J. Mewrosed. 15: 477-491 [1985]) in cither Frirund's or
Ribi adjuvant as destribed in Mandez et al. (supra). Spleen cells fram the immune wice wese fused with myeloma cells
(X63.AgR 653, ATCC Rockvile, MO). A total of 33 fusions were performed using 253 Xenomice and 35 wild type
Balb/C nice. Plates (21,734 walls total) were inifially screened by direct ELISA using wrkC-IgB. The ELISA screen
identified 634 kG positive hybridemas, all of wibich were then evaluated for agonist activity in trkC KIRA {Kinase
aclivated Receplor Assay). The KIRA fdentified 14 Xenomouse derived and 22 wild type Balb{C mice derived
frybridomas secrating anti-trk[: agonist antihadias. These hybridomas were subcloned hy kimiting dilution, raassayed to
confirm agosist activity, and wwere used to induce asciles by injecting into Pristane-primed BaibiC or nude mice Hongo
o of, Hybrigoma 14: 263-280 [1995)). The monoclonal antitediss present in ascites were purified by Protein &
affinity chramatography (Honge er al, supra). Specific fusion officioncy Tnumber of positives | number of wells
screened) was 3% for both the Xenameuse and wild typa Balb/C mouse fusions. The incidence of agonist monatlonal
antibodies laganists J number of trkG ELISA positives) was 3% and 8% fer the Xenmouse and wild type BalhiC mouse
vigre ined using either GIBCO BRL dipstick

fusions, respectively. Isotypes of the murine
or Zymad mouse-typer isatyping kit, follawing supplier's instructions. The Xenamite were sithsr |95, or 195, strain,
produring corrosponding isolypes of antibodies. Table 1 shows isotypes of warious human and murine anti-trkG
monoclonal antibagies. A total of 8 human lgG,, B human g6, ¥ murine !9G,, 10 murine 19G,, and & marine lgGy,
manaclonal antibodies were identified, The monaclanal antibodies with the most potent agonist activity (depicted by

asterisk in Table 2), as determined by KIRA assay, were selected for indepth charactarization,

Table 2
Haman Mahs (14 Total}

IgG. Isotype |8 Mahs| IgB, lsotypa (B Mabs}

251" . 18
-41-
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612* 2337
843" 2338
2342 2338
2343 2348
2344 * 2340°
2345+

346

Murine Mabs |22 Total

196, 16, g6,  IgG,
m g m

27249 248~ 2262
2250% 2272 2273
22037 2281 2277
254 2285 2279
2786 2215 2280

2267 2275
2260 2276
2278
2284
2282

Detgrmination of Agonist Activity
a. Ki3d Sssay

Twa bioassays wert used to determine NT-3 agonist activity af antiark monotional antibadies. The Kinase
activated receptar sssay (KIRAL which has besn distussod in geeater detadl hersinabove, measures tyrosine
phazphorylation af trkD in transfected cells in respanse 1 sGmulation with a ligand, sueh as NT-3, or spunist
monaclone! antihodics iSadict f af, Fyp. Cef Aas. 234: 364-38) [1997)). The monaclanal antibedies were diluted to
27 pgiml in KIRA stiowlation bulfer (FMZIDMEM 50:50 contaiming ?% bovine ssrum albunun (BSA; Intergen Go,,
Purchase, N¥) and 25 mM Hepes, 0.2 um filtered). The manoclonal antibodies were further diuted serially 1:1 {8
difutions total; concantratians rangimg fram 0.07-180 nh) in stimulation medium. Ghinase Hamster Dvary {CHO} cells
stably sransfagiog with trkC fused with 2 28 smioo acid polypeptide flag epitape derved from HSY glycoprotein D (gD}
wiere seedel (5 x 10 cellsfwell) and graven in 86-well ce1l culiure plates. Tha cells were then stmulated with sither
NT-3 ias a positive controll or vartous enti-trks munociona) antinsdies, using serial dilutions of 0.1; 1.56; 8.13; A.25;
12.5; 75; 50 and 100 ng'mi, AN dilutions were assayed in dughcsle [or 6 bours. The assay was carriad out essengially
as describod in Sadick ef L (sopva). Briefly, cells were lysad using Tritan X-100 and trkC present in lysete copturad in
ELISA using antihadies against the oD epitope and phosphorylsted UG deterted and quantitated wsing anti
phosphatyrosing antibadies suitably conjugated with enzyme. A monorlanal antinndy nat diracted against 1rkC (anti-IL8

16, Xenumavs-darived Juunze antibody or antigp120 156, mudne monoclonal antibedy) was used as a nagative
42
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cantral, As shown in Figure 1 (& and B), all fhe selected antiarkG menoclonal antibodies could mimir the aclivity of
NT-2 inasmuch as they could stimwlate tyrasine phosphorylatiun of trkC receptar. The human anti-trkC monoelonal
antibodies {Fig.. 1A} showed morc potent aganistic activity than the murine anti-trkG monoclonal antibodies {Fig. 16}
For example, the best buman anti-uk monoclonal amibudy is 3050l mare potent than the best murine anti-trkG
manoclonal angibody. Furtharmere, the human monaclonals were Rearly a3 efficient os NT-3 especially i tite lower

range of concentration.

b. PE12 nearite outgrowth assay

Another assay used ta determing NT-3 mimetic aciivity of anti-trkC monordanal antibodies was PC12 nerite
utgrewth gssay. This assay measures the outgnnatlh af neuita processes by rat phencysachrama cells (PG12] in
tesponse to stimulation by appropriatz ligands. These vells express sndegenous trkA and are therefare responsive to
NGF. However, they de not express endogenous tckC and ara therefore transfected with trkC expression construcl in
ariler Lo licit response tn MT-3 and its aqonists. PC12 cells were transfocted (Urfer of 2f, Slochem. 36:4775-4781
11987); Tswulfas ef &f, Neuroz 10:375-990 [1993]) with full-length human wkC end plated in 96-well cell ruiture

plates {1000 cellsiwelll. Threg days following ion, anti-uks r wara added in wiplicate

(zoncantration ranging from 0.0002 tp 2.7 nM} and incubated for an additional 3 days at 37°C. The cells were then

analyzed by phase tontrast microscopy and cells with nourites exceeding 2 times the diameter of the cell vere
ountead. The fiurnan as well as the murine antiarkG mannclonal antibodies could stimulat naurite outgrowth in P12
cells ag shown in Fig. 1 G and [L The human and-rkG monocloral antibudies iFig. 1) exhibited far mare potent
activity than the murine ant-ukC manaclanal entibodies (Fig. 10) thus corroborating the results obtained in the KIRA
assay. Furthesmare, consistent with tha KIRA assay results, the human anti-trkC mouuclonal antibodies shevsed
woughly similar stimulation 25 obtained with NT-J. The resulls obtgined with the Two bigassays described above
demoiistrate the ability of anlitrkC monoclonal entibedies to mimic the activity of MT-3, the natural lipand of trkC
receqtor.

Agonist activity of the monoelonal antihodies wag ranked according ta maxtmum induction of tyrosing
phosphorylation and calcalated ECSD of the phasphurylation curves in the KIAA assay and PC12 newrite onigriwth

assay. Table 3 summarizes characteristics of various anti-trkC agenist monasloral antibodias.

Table 3
MAL 1D Isatypa | Agonist Activity Binds Immunublot Afflnity
KIRAPC1Z Rat kG NR/Red.  Kd M)
Human Mihds NR Red.
261  , G2 T eraier) | o o v 12
612 | G2 ferrelrtr) | NO + + 125 |
43-
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[ 641 G2 [+ 5[4+ 44} YES + + 12
2344 G2 Lt bt +) NO 4+ + 18
2345 G7 [+ 4+ 4+ + 4 ) NO ++ ++ 121
2349 a4 [rbsafe t+4) . M | e+ + 23
Musine MAbs
2248 GZa {+)¢] o o . 59
2250 Gi [EEIEY) HO £+ ++ 8.7
2253 Gl {+ 4] N % ++ 42
2758 G1 1+j+} YES + > 62

Testing Specificity of anti-trktC anthodies
The specificity of anti-trkG monoclunal antibodics was tested using diract ELISA. The micratiter plates were

coated overnight with immunozdhssio constuct of the receptor trkA-Ig6, 16k8-1gG or trkClg a3 capture antigens
{desciibed in Shafton #f af, . NMewased, 15: 477-491 11995) using 100 pl of 1 pgiml solution difuted in B0 mia
carhonate busfer, pH 9.5, GD&-gG (Capon &t af, Natare 337 525-531 (1988} was used n place of capture antigen as
8 negalive control, The coated plates were incubated for 1 hr al raam temparature with uarious concentratinn of anfi-
G moneclonal antivodics (106 pl of 0.01 to 1 pgiml) diluted in PBS containing 0.5% BSA and 0.05% Tween 20.
After washing to 1emave axcess unbound aniibodies, appropriate HRP conjugate thuman manoclonal entibadies: goat
anti-human x-HRP, 1:5000 diluted: mudng menoelonal andbodies: goat antimouse 1yG [FekHRP, 1:5000 diluted) was
added and incubated for 1 br at room temperatere. The plates were then washed, daveloped and read as previsusly
described {Hongo et af, Hybridoma i4: 263-260 11985]. Figure 2 showes a representative example using a human anti-
s monoclonal antihody 8.1.2. The binding vias highly specific to trkC, and no sipnificant crass-reaction was
observed with either trkA or trkB. Similarly, ather human and mousa anti-trk€ moneelonal antibodics showed specific
recognition ef trkC.

The binding of various anti-trkC agonist monaglenal antibodies to human trkG aml rat kG was compared
uging & dirsct ELISA essantially a5 descrilid shove cxcept te capture antigen vsed for human tikC was tikC-gD
instead of tkC-IqB. Results shown in Fiyure & indicate that amang human anti-trkG monnctunal antibdizs, enly 6.4.1
significantly reconnized rat 1rkC, rest were specific for buman wkC. Stmilarly, among murite monaclansl entibadies,

nition of human trkC anky,

only 2255 racognized rat tthC Lo a siynificant extent while oihers showod specitic re

Affipity sttdies
Affinities of antitrkC agonist lonal antibodiss wers irerl using using B4Aeore-2000™ surface

plazmon rasomance [SPR} systam (BlAcers, Inc., Piscataway, N.J.). GMB biosonsur chips were activatad with Meethyl

(3 dimethylami 1 giimide hy ide {EDC] and M-hydrx ininide NHS) inn 10 the

suppliers instructions. In the first serigs of binding experments, the antigen, g0-tagged trkC, was iluted into 10 mi

sodiun acctate bulfer [pH 4.8), and njected over the activated chip a1 & concenisation of 0.09 mg!mL. Using variahle
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exposure fimes, four ranges of antigan density were pchieven: 14,000-17,000 respanse units {RU), 7000-8000 RU,
2000-3000 AY, and 400-600 RU. The chip was blecked with ethanslamina.

In the first seriss of kinetic measurements, anti-trkC antihodies {lg6's) were diluted intn running huffer [PBS containing
0.05% Tween-20 end 0.01% smliur azide) and 0.03 mL (567 nM) was injected vver the biascnsar chip at 26°C at a flow rale
of 0.0% mLimin. Reneneration was achieves with a 30 sec pulsa af 10 mM HC, followed by a 1 mia pulse of 100 mM Tris-HE),
pH 8.0 and two wash sieps. )

In a second series of exparimants, the Ig&'s 10.1 maimL in 10 mM sodium acetste, pH 4.8) were immohilized as
described above, except that antihady density was limited to 1000-2000 RU. Two-fold serial dilutions of gD-uke in the range of
3.7 M to 79 ki were then injected over the biosensor chip fo kinerics measurements as described above.

The dissosiation phase of each kinetic curve were 1t tn a single expensntial dissociation rate tkoffl. and
these rates were wsed in Ihe eslculation of the association rate lkop! from the injsction phese, using a simple 1:1
Langair binding model [Lofas & Johnsson, 1990].

Equilibrium disseciation K4's, from SPR were caleulated as the ratio lqffikon.

The affinities af anti-trkC antibedies for g-trkC wero measured in SPR instics axpariments with either
antigen or antibady immobilized. Apparant affinities determined from experiments using low densitles of immobilized
antigen {0.4 to 06 ng/mm2), were generally consistent with thase determined in experiments using immobilized 1gG
{2ec Table 2. However, at highar densities of immabilizes gO-trkC, the apparent binding atfinity ot each antibady
betame progressively tighter by factors of as much as 10 fold, probably hecausa of an avidity effect of binding by the
bivalent Ig (data nof shownl, In some cases, no binding could be detected when kG was injected over immabilized
1g5. This may have occurred because mmulilizatien of the IgG led to steric blocking of the antigen-binting site. Under

all conditions tested, the antibody 2248 had the highest apparent affinity (K,= 5.6 tn 8.5 uf} of all antibodies tested.

45
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Tahla 4
Bindiny alfinities deternined by SPR. Results are shown for lpG's binding to immobilized p0-trkG (20G-800 KU} and
far gO-trkE; bimling 1 immoldlized 19G's (1000-3000 RU). NOB= ng detectsbie binding.
I, (ot}
Antibody (IlgG} Immubilized gO-tchi immaobibized lgG
2248 58 8.5
2240 4.7 28
2263 4z B1
- 2256 a2 300
2344 i9 NDB
2345 12 NOB
7348 73 ) T
541 ' 1z 28 .
B1.2 i3 18 i
251 i2 NDB

Lomperition FIISA

A competition ELISA was used to get prefiminary information about varipus graups ta which these antibories
belong depending an the wpitupe]s; an IthG they recognize. In this assay, wekC-g0 {1 pg/mi) was used as a capture
antigen fo cuat ricraliter slate, A spesilic biotinylaled anti kG menoclonal antibody (3 pgiml} was added to the
ceated plate cither alone or in presence of another anti-trkC monoclonal antibady that was unlaheled and vsed in
excess (B0 pgiml) as compared fa the laheled antibody. If hiotinylatad antitedy and unlabzted antibody both reconnize
the same or overlapping epitupe, thoy will compete For binding to tho rmmobilized tkC, msulting in deereased bimling
of the labeled antibody. If they recognize different and nan-overlapying epitopes, there will be no competition between
them, and the binding of tha [abeled anihody te 1he immobiized trkG will not be affected. Unlabeled humsn 1gG2 and
mouza lgG wwera used as negative control. A representafive data in Figure 4 shows thal all antitrkC monoclonal
antibodies, except murine ant-rkG 2248 monochinal aptibody, compete with tabeled human antitrklC 6.1.2
monaclanal antibody for hinding to Lhe immobilized rkG, supyesting that murine 2248 antibudy recognizes an epitope
on trkG that is dilferont from the epitapels) recognized by alf ather anti-trkC antihodies.
It is intaragting to nate that when unlabeled murine monvelunel antibody 2248 is bound first te immobilized trkC, none

of the other ibiotinylated} antibodies can access el hinding site, suggeting that even though the epitopes are

A6
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distinet, steric hinderance may play & role. Such pairwise eomparison gives valuable information ant helps in
classifying antibodiss irected against the same antigen into differant greups basad on cpitupe recognitien. A suninary

of such comparison is shown in Figure b. The results indicata that the antibodies can be divided into twe

distinct groups: Greup 1 all lonal antibodies exeept 2243, whersas Group 2 is composed of 2248,

Enitupe Mepping with Domain Swap Mulants

Further epitape mapping was performed wtilizing ehineric (rkG in which various domains wera replaced with
conespunding domaing from trkA or kB, This approach was made possible by the fact thet anti-trkC antibodies do
not significantly cross-reaet with trkA ar trkB. The use of such domain-swap mutants has a distinct advantaga ovar

dedetion rmutants. The deletion of a domain might distupt the secondary structure of protein whereas substitution of a

domain with a carrespanding damain, of similar size and tantially similar amino acid sequence, from a related
arotein in domain-swap mutants is likely to retoin the secondary structure. The extracellular domain of frk recentars is
composed of 5 domains as shawn in Figure BA. 01 anil D3 are cysteineich domains, D2 is a leucine-tich domain, and
114 and OF are immunoglabufin-like domains. Domain-sviap mutants of trkC containing replacement of 01, D4 and D&
with the corresponding domains fram trkB or trkA were made e of of, EAPS . 14:2795.2805 [1995]). Wild type
trkC and wiltt type 1rk? wara used as positive and negative controls respectively. The domain-swap mufants of trkC
are desipnated according 12 the souree of the replaced domain. For example, s1B has D1 domain from trkB, s4B has
N4 domain fram trkB, 358 has 05 domain from kB, and 354 bas D5 domain from trkd. Al of the mutants vere
expressed es immunoadhesin, ie. fused Lo IgB. and purified.

Tha binding af each of the agonist anti4rkC monoclonal antibody tu varlous domain-swap mutants was
avaluated by FLISA. Flab'), fragment brom geat anti-human IgG wes used far coating micratiter plates to capture
serial dilutions 1100 pgiml to 2.4 ng!ml, 100 phwell, one hour at roum temperature) of immanoadhesins {rkC-IgG,
trkA-gG and donain-swap mutants of trkC as immunogdhesin). Either unlabeled human of biotirylated murine anti-trk(:
monocional antibadies were added {100 .l per ell; 1 pgiml, one huur at toom temperature) ta the plates containing
immoiilizenl immunoadhesins, washed to remove nabouw excess reagents, and incubated with goat anfi-haman x or
streptavidin conjupatad to HRP. As shawn in Figue 68, 2ll human anti-trkG menocloral antibodies were sble to
recognize kG Jomain-swap mutants with replacement of domain 01 er D4, Howsver, replacament of domain DG with
the carrasgonding domain derived from aither trkB or trkA dastroyed recoyiition by anti-rkC antibodies. The extent of
hinding was reducad to the sanx: lnw level as that observed with a negativa contral, trkA. The results suggest that all
he hurian anti-ikG monacional antibodies tested secognize an epitope located sormewhere in domain D6

Sirmilar analysis was pecformed with murinz anti-trk G monoclonal antibodies esskntially the sams way sxeept
the secandary antibudy wsed was gaat anti-mause IgG Fo cougled 1o HRP. As with the human anti-trkC antibodies, the
replacement of domain DB abolished binding to 4l the murine anti kG monoctonal antibodies tested {Figura 6B

Audditfonally, the replacement of domain D4 alz¢ destroyed the binding of 2248 murine ant-wkG antibady. The human
47-
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&5 wall as muring anti-rkG agonist monoclanal antibodies all seem to racopnize an epitape in damain § with 1he
exception of 2248 muring anthody, which seems to additionslly recognize 2 determinant in domain 4. It appears that
2249 epitope may Bie a finear epitope overlapping the boundary of domain 4 and 5. Altematively, 2248 antibody might
Tecoynize o secardary structure formed by discontiuous egitope with determinants derived from bath domsin 4 and
domain 5. Interestingly, Urfer et af {J, Biol Chem. 273; 5829-5840 [193B1 have sarlier established the
prominent role of dumain ﬁ in tikC recoptor for mediating tha intaraction with NT-3. Surprisinaly. the antibedies
described herein alsa hind to an epirope of trkG which 75 largely overlapping with that recognized by NT-3. This is
surpriging becanse uf tie rwlative sizes and shapes of NT-3 and immonaglobulin molecules. The likely mode of action
of these activatars is ta crosslink the extracellular domains of twn trkC malecules in such a way to bring tepather their
intracellular tyrosine kinase domains and eross phasphorylate and activate them.

In homodimeric NT-Z, it has heen established that the two areas of the mulecule which intaract with tkG era
diametrically opposed on opposite sides of the molecule, 180 degrees apart Iram each other. The distance between

titese aress is on the arder of 16 A. On the other hand, the two trkC i ing sites in tha i lobulin malscyl

dascribed herz are not diametrically oppesed. In addition te displaying U tkG binding domains at a different angle
than NT-3, immunogiobuling will have the tkC bindng domaing separated from each other by a much wider distance
the: rang nt 50 A ta 150

han they are in NT-3. This will vary with the exact angle of the twa Fab domains, b
A Tt would have been difficult to have foreseen that two such very different crosslinkers as NT-3 and the agenist

Mahs act as agonists when bound ta the same site on trkG.

Site-Directed Muiagenesis

Site-directed mutagenesis appreach was used to determine the centribution of sefeeied individual amino acid
residues of domain B in the recognition by anti-tikC antibodies. Figura 7 shows the amina acid sequence of human irkC
dr 4 aml B. Rll dotted rosidues vasre mutanenized to alenine except residuss L284, L266 and E287 which were
changed w0 E, H, and K respectively (Urier ef af, J, Bl Chem. 273 5529-2840 [1990]). A total ot 25 single amina

acil mutations were made and cvaluated for their effect on binding ta anti-trkC monaclonal antibodias. The valuss
shown in Table 5 represent the ratin of binding fo anti-rkG antibody of mutant ws wildtype trkC. In order to minimize
variation and provide ctfeetive comparisen, ECS0 values were determined for each mutant for each antibody and

divided by the EGED valug oktained with wildtype trkG.

Table §

ukG | MT-3* | 25 [ 6.5.2 | .41 2344 | 2345 | 2348 . 248 | 2260 | 2253 | Z256 | 143§
Wutant

trkC 1.0 0| 1.0 10 1.0

| M27sa | 1.1 : :
EZ80A | 0.7 ; g F i } - [H
Ezg3a | 1.7 I s i i - ! o
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1289 | 11 [ nB_| MB | WB [ NE | MB [ B | 07 | 0F | 07 [ 11 | 08 |
R2854 | 15 ; 11 [ 12 [08 08 [ 10 [ 08 [ 08 | 28 | 08 | mE | 04 |
lzgH | 12 [ 06 [137 | N8 08 | 05 | 05 | 06 | 03 | 04 | 0B | 06
E207i | 273 [ B | WE [ ®B _MB [ NB | WB | 06 | 08 | 07 | 07 | 08
E281A | 1.0 | . : : : : E B
R295A | 118 ; : : . . 4 : B
03084 | 1.3 : . [ i I, N ] i
F312A | 08 i B ; : : B i .

K315A | 0.9 ¥ T i 5 ;

H31BA | 1.0 ! 03 07 | 0& 10§ 07 [ 1.0, 1D | 0B | o8 1
E3204 | 1.0 T i B i ‘ : i ; :

E3248 . 1.2 : ; I I ] - i : o B

| E3285 [ 1.0 i i : [N ; ; ! o i ¥
N33EA | 378 [ W8 [ MB [ 03 [ MB | MNE | 16 | 0& | 05 D5 | 05
k3364 | 0.4 : - i j B 3 i ;
T338A | 303 ; N : R : v i 1
H3ssa | 1.7 B # B K i o .

K304 [ 1.0 i ; ] T i :

WA | 12 | 5| - 3 : ‘ 5 Y |

| K36a [ 03 N N i i : i
CEETA [ 2 | . B | :
03728 | 1.2 i : [ = ; |
[Ce37aa | 11 1 4 [ B |

The pgray areas indicate that the designated nutants did not have an initial sffact an monaclunal antihoedy
hinding, and were therefora not re-assayed. Mulations that complctely obfiterated monoclanal antibedy binding are
sbown as B {"na binding ohserved™}. The analysis indicates the major contribution of amine acid residues 1284, E287
and N335 of 1rk€ in recopnition Gy enUi-rkC ayosist moneclonal antibodies tested. A model of the complex of kG
damain § with NT3 shows the pasition of these residues in close cantact with CORs of antibody {Figure 8], This
randel is hased on the crustal structure of the complex of trkA donain & wil NGF. For further detsils see, e.p. Urfer of
2l 4. Big/, Chom, (1988), supea, or Ultseh of af, J. Mol. Biol. 290:149-159 {1985).

Linning and Seqoancing of Antibody Yariable Regiong

In order to better umderstand the molecular basis of interaction batwsan trkG and anti-tkE meonaclansl
antihodies, the heavy and light chain variable seguences of agonisi antihodies wsre clonsd and DNA sequence
determined. Total RNA wips isolated from hybridoma cells producing the buman and muring anti-trk antibodies using
RNA ieolating kit from Stratagene (La Jolla, GAl RNA wes reverse tianscriben! into cDNA asing SupsrScript Il system
ILife Technologies, Inc.. Goithershurg, MD} and spaciifc 3' primars besed on framework 4 sequerces derived from the
respective heavy nr light chain subgroup {Kabat and Wy, J fmmenal. 147: 1709-1719 [1981]. Subsequsnt PCR
amplifieztion was performed using AmpiTag DNR polymerase (Perkin Elmer, Faster City, CA) in pressnce of 2,5 M
DMSD with spaeific farward primers hased un the N-terminal amino acid saqusncas ef hasvy and light chains and the

same 3' priners used for cDNA synthesis. PCR products were subclaned into an Eisbi'; vectar containing both human

-48-
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heawy and light chain eonstant reglons [Carter &f &t, Bio/Terhoology 10; 163167 [1902). Fiva clanes esch of the ¥,
and ¥, domains viere sequanced and a CONSENsUS SequeNce was obtained,

Figure 8 shows the deduced amino acid sequences of heovy chain of anti-taC agonist menoclonal antthodias
{2260, SEO 10 NO: 42; 2253, SEQ 1D NO: 43; 2256, BEQ 1D ND; 44 6.1.2, SE0 ID NO: 46; 6.4.1, SEQ 1D NO: 46;
2345, SEO ID NO: 47; and 2348, SEQ 1D NO: 48], The Jeduced amino acid sequences of light chain of anti-trkC
agonist manaclanal antibadies are shawn in Figure 10 (2250, SEQ 1D NO: 49; 2253, SEN 10 MG: 50; 2256, SEQ 1D NO:
51: 6.1.2, 5EQ 1D MO: 53; 6.4.1, 5E0 1D NO: 52; 2345, SEQ ID NO: 54; and 2348, SEC 10 NO: 55} In bath Figure 9
snd Figuee 10 the Complementarity Determining Regions {CORs) are labeled as COR1, CDR2 end COR3, and the
corresponding aming acid residues are shown in bold face. Figure 11 summarizes the sequences of CORs of baavy

chaln ag weil ag light chain of various anti-trki lanal antibedies along with dasignation of respective heavy and

light chain variahle famify 1o which they belonn,

Based an the determined amino acid sequences of the CORs of the heavy and fight chains of the anti-trkD
agonist manaclonal antibadics, it is possible in provide a general formula for saveral of these regions. For the murine
antibedias, 1he heavy chain COR1 may be represented by the farmila XaaWXaaXoaWVK (SEQ 1D N0:37), wherain €aa
4t position 1is F or Y, Xaa at position 3 i | nr M and Xaa at position 4 is € or H. The murine heauy chain CORZ may
ha regresented by the formula Et%aaPXaaXacXaaXeaTNYMEKFKXaa (SEQ 10 NO:38), wharein Xaa at position 3 is L or
¥, Xaz at pesition B is G ur S, Xaa at pesition 6 is  ar [, Xaa at pogition 7 is D or G, Xaa at pesition 8is N or R and
Xaa at position 17 is B or S, The murine heavy chein COR may be represemad by the formula KNRNYYGRYUY (SEQ
D ND:12) or KYYYGNSYRSWYFDY [SED ID N0:13). For the human aniibodies, the heavy chain CORT may be
represented by the formula XaaXaaXaaYYWXaa {SEQ D N0:38), wherein Xaa al position 1 is § or |, Xaa at position 2
is B or § and Xaa at position 3 s G, T or ¥ and Xaa at pasition 7 is S or N. The human heavy chain CDRZ may be
represented by the formola KaalXeaKzaBGSXaaTKeaNPSLKS (SEC IN ND:40), wherein Xaa at position 115 ¥ or B,
Yag at position 4 is ¥ or F, ¥aa at position 4 is ¥ or T, Xaa at position 8is 5 or R and Xaa at pasition 10is M arY. The
human heavy chain CORJ may be rapresented by DROYDSTBOYYSYYGMOY {SEQ 10 NO:14), DEGYSNPFD (SEQ ID
N0:15) or the fonnula ERIAMAGXaalYYYHGLYaa¥ (SEQ D N:41) wherein Xaa at position 8 is A or T and Xea at
position 16 [s D or A.

The teduced aming acid sequence of beavy and light chain variable refians was cantirmad by determination
of N-teninal peptide sequence of thase antibedics. Floctroldotting onto Mllipers Immobilen-PSQ mentranes was
carried ot fne 1 hr a1 250 mA constant current in a RinRad Trans-Blot tranafer cell (Matsudaira, . Bral Chom. 282:
1003610038 {1337]). The PVOF membrane was staincd with 0.1% Coomassie Blug R-250 in 50% methanal, 8.5 min.
and destained for 23 min, with 10% acatic acid in 50% wethanoi. The mebrane was thoroughly washed with water
and allewed to dry bafore storage at 20°C. Autamatert protein sequencing was performed on madel 4944 Perkin-Elmer
sequancsr {Parkin-Elmer Curgoration, Foster Uity, CA' equinped with on-line PTH analyzar. Protein rlctrablatted onto
PYOF membrane wara sequanced in B mm micra glass cartridge. Peaks were integrated with Justice Innovatian

softivate using Melsan Analytieal 760 interfares. Sequence interpretation was porfonnied on 8 DEC Alpha Henzel e
-50-
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3f, J, Chromatography 404: 41-52 11987)). Table § summarizes the classification of human aod murine anti-tekG

agonizt monoclonal antiborliss based o their N-terminal sequences.

Table 6
Humgn anti-trkG agonist mabs Heavy chain Light chain
6.1.2 Subgroup It Kappa |
641 Subgroup Il Kappa |
2345 Subgroup Il Kappz Il
2348 Subgroup Il Kappa Il
251 Subgroup Il Kappa |
2344 Subgroup Il Kappa |
Murine anti-trkG agonist mabs
2248 Subgroup 114 Kappa |
2250 Subgroup 113 Kappal
2253 Subgroup 1A Kappa IV
2258 Subgroup (15 Kappa It
Exarnple 2 Eftect of afonist anti-trkC monoeional antibodies on neuropathies in

experimental animal model

The principal use af HT-3 agonists is in the treatment andfor prevantion of peripheral neuropathies. It is
knowin that large fihar myelnated sensory neurons, which ara inveleed in mediating prapricception and vibration senss,
express kG that acts as a high affinity recaptor for NT-3. Nevropathies invalving these large fibers are common in
diabetes and are also induced in response tu certain chenioltherapeutie agents particularly clsplatin and pyridoxine. NT-
3 has shovn efficacy in animal medels of experimental diabetic neuropathy and cisplatin induced newropatiry.
Hawever, the use of NT-3 is severely hamperad by its poor biogvailabiity as showen in & rodent medel, The use of anti-
trkC monoclenal antinodies as agenist of NT-3 offers numerous advantages and cbviates a number of potsatial
aroblems associated with the use of NT-3.

The s wve haliffe of ayorist aniitrk myonoclonal anifhodies was determined by injecting either

int o y in oxperi i snirnals. Shawm an Figure 12 ars serum levels of monoelonal antibody

2256 at various fimes & fler intravenous {IV) injection of T mQig or subcutaneous isubl) injertian of B mglky in rats.
The sertm levels were detemined b using the KIRA assay to msasure the amount of fully functiona! antibody 2288 by
jts ahility to increase lyrasing autophespharylation of tkC. These data indicate that monoclonal anthady 2266 in the
rzt has a half-life of 9 days and 3 bioavailability of 68% after subcutaneous admiristration. These values are
consistent with those obtained with nther antibodies, and ara distintly dilferent from those obtained with NT3. Alsa

shown in Figure 12 is data obtained sfter injestion of NT-3 2t the same dases and ruutes as shown for Meb 2256 {1

_51-
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mgtkg. I¥; 5 mofkg subdl  These data indicate a serum half-lfe on the order of 4.5 minutes for NT-3, and &
subcutanevus Linavailalility of 7%. Thesedaia indicate Lhat Lhe anlihodics are a significant improvement gver NT-3 in
terms of the very important properties of hioavailability and & wive serum half-life.

It has been showsn in fwo animal modcls af large fiber scnsary nouropathy that W1-3 can protect or reverse
the effects of chemical insult. Yery hiph doses of MT3 have heen shown 1o pratect large fiber sensary neurons from
the taxic effects of high doses of pyridoxing, and more mederate duses of NT3 have been shown to reverse the eifects
of cisplatinum admivistration. Since thare might be many differences in the zissue distribution of f1T-3 and the agonist
Mabs described here, it js important te determine whether the /7 vitre activity of the Mabs translates inlo efficasy in
animal models.

In ordar to creata an animal model of cisplatinum induced neuropathy, adult rais wiere dosed with cisplatinum
wice a week for sixteen weeks with 1 rq:kg intraperitoneally [IP]. At this point, rats were split into four groups. All
{our groups continued receiving cisplatinumn twice weekly. In addition to the continued cisplatinum, one group received
NT-3 at a dose of 1mgllcg, thrae times per week, one graup recsived Mab 2258 ot a dose of 1 mg/kg pnca a week, one
group recelved Kab 5.4.9 at a dose of 1 mgihy once a week, and ane group racaived saline three tmes a waek. The
MT-3 duses were given subcutanesusly, while the Mabs and saline were administered IV, This treatment regime was
continued far an additianal four weeks, far a total of twenty wesks of cisplatinum administration.

The function of large fiber sensary neurons was assessed in these animals electrophysivlvgically, by use of

1:30-7 1199%] As can be sean from tha data shown in Figure 13, the

H-wave racording (Gao &f o, Ann. Meurol. 38{1

sensory conducten velocity was very Jow in the animals treated with cisplatimen with saline alone. NT-3 teainent
threg times a woek caused an improvement of this lowered conduction velocity, s did treatment with either Mak
2256 or Mab 6.4.1 once = week, The magnituds of He improvensent seen with the monochenal antibodies used ance a
waak was 3t [2ast as graat as that saen with thiee wimes a week treament with NT-3.

Pyridnxing is alsn knewn to induce a sensory newropathy thal primarily damages the large myelinated
subpopulalion of sensory neurons (Helgren ef of, J. Neurosci, 17111:372:52 (19871 High doses of NT3 have heen
shown tn htuck the development of Lis neuropaity Helgren ef &/, sowra). Treatment of animals with twa different
dnses of pyridoxine {either 400 myfky or 500 mgiky daily, I} for twe weeks causes damage to the large newrons of
the ORG, This damage can be detectal by a decrease in (he exprassian of several prateins known to be expreszad
sither prefirentiolly ar exdusively by large neurons in the ORG. The expression level of thase natkers was assessed
by measuring tha tevel of the mRMA encading them by use of the TAOMARN RT-PCR techniqua.

Tagaren BT-FOK far (ke agomist effects:

A Probes and Primers
NFL
F-CABCAGAACAAGGETCCTGEAA Z1MER {SEQIDND:72)

R-AGCEGGAAGGCTCTGAGTG 19MER {SEQ D NO: 73}
P-AGCTGTTGGTGLTGGECCAGAA Z2MER ISEQ 10 ND: 741
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NSE
F-TCGATTGARAGACCCATTCGAC 21MER (SED 1D ND: 75!
R-GCCEACATTGGCTGTGAAC 19MER (SED D ND: 76)
P-AGEATGACTGGBCAGCTTGGTCCA 24MER  (SED IDNO: 77)
TRKC
F-CAGCCCACTRCACCATATCA Z0MER  {SED 0 NG: 78)
R-ETGTATCCEGCCCAGCAT 18MER  {SEQID NO: 78]
P-CGATGGCATCACTACACCTTCATCGCT 27MER (SEQ 1D NO: B0}
LALRET
F-TGEGAAAATTRAGATGGCAGA 21MER  SEQLIDNO: 811
R-GCTGGCTBAAGCACAAAAGG 20MER (SEQ (D ND: 32
P-CGLAGATCCTGCCAACCGAAGAGA  24MER {SED ID NO: 83
PARVALB.
F-GACACCACTCTTCTGBAAAATGC  23MER (SEQIDNO: B4}
R-TTGCCAAACCAACACCTACCA 21MER  (SEDID NO: 85}
P-ATCGGACACCACCTGTAGGGAGGACC Z6MER (SEQ ID NO; 86)
GAPDH
F-CAGTEGCAAAGTGGABATTET 21MER  (SED 1D NO: 87)
R-AATTTGLGGTGAGTEEAGTC 20#MER  (SEQID ND: 88)

P-CCATCAACGACCOCTTCATTBACGTE 28MER (SED 1D ND: 8}

Probes and primers were desipned using Primer Express, (ABI-Porkin-Eimer). Guidelines for primas probe

selection are included in Willisms and Tucker {1898} PGR applications, pp. 36575 {Academic Press).

B. Total RNA Preparation and Quantification

L4 and L5 ware dissacted from phosphate huflered safine perfused rats. Left and right sides were isolated in
separate tubes. For total RNA used in standard curves, ol DRG were dissected from conire! rats. Total RKA was
isalates Using the Qiagen Rneasy mini colomns. Tissue wes homogenizad as per manufacturers instructions. Total RiA

was quantitisg ufilizing the Ribagreen Duantitzion Kit Malecular Probes) and following the manufaclurers instructions.

C. RI-FCR

Twenty five nznograms of total ANA was used per 50ul reactien, except in standard curve resetions whore
500, 250, 75 or 2.5 nanograms per rezetion was used. Each reaction contained 26 pmal of each oligonucleotile
primer, 0.2 mM of each diTP, 100 nfd flourascantly labclied olisomiclentide probe, 1X RT-PCR buffer PE bigsystems!,
2.0 MgLI2, 20 U RNAss inhibitor, 12.5 MuLY reverse transeriprase iRT, PE biosystems) smil Z.5U Amplitag Gold
pulymzrase [PE biosystems), Reverse transcriptian was parformest for 30 min at 48 degrees [ hollowed hy 95 degrees
€ for 10 min for Ampliteq Gold activation and RT inactivation, then PCR; 40 eycles of 98 degrees C for 18 sec and B0

degrees C for one and a half minutes.
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0. Gene Exprossion Duantitation

Control RMA wias used to gonerate standard curves for 3 housckecping gene and the genes of inlerest with
each tagman run. A standard curve was abtained by plotting the threshald cycle (Ci) value obtained from the Tagiman
run versos the log of the quantity of contral total RNA added. The resultant linar equation was salved for the log RN&
walue. Plugging in the experimental Ct value praduced the log of the experimental gene expression value. Ten raised to
the powar of this value pives tha axperimental gene exprassion in nanagrams.

Az ean be saen fram Figure 14, pyridoxing teatmient for two weeks restlted in a dose dependent decrease in
neurafilament light chain [NFL}, neuran specific enolase IWSE), wkC, asd calrelinin exgression. Both the dose
dependency and magnitude of these decreases varies from marker to marker, indicating a differential sensitivity of
these proteing as markers of tha neuronal damage.

In Figure 15 the restilts of treating anicrals with two doses of Mab 2258 along with the low dose (400
mglkg daily) of pyridoxine are shown. NFL and NSE show a significant decrease in expression at this level of
pyridoxine treatment. Cotreatment of animals with 5 matk of Mab 2256 {subD weskly} completely blocked this
dacreass in axprassion. A hab 2296 dose of 1 mafkg had no appreciable effect on the expression of thase proteins,
Neither trk( nos caltetinin exgression is sigrificantly affected by this low dose pyridoxine treatment, hut treatemtn
with 5 mptkg Mab 2258 actually incraases trkC expression over control Javal.

When animals are freatéd with the higher pyridoxine dosa of B00mog/kg daily, the expression of MFL, NSE and
calrstinin falls 10 very 1w lavels, while trkC exprassion falls 1o 2hout 50% of control valugs {Figurs 161, Cotreatment
with Mab 2258 at sither 1 mylkp or Smgjkg significantly but not completely blocks the deerease in expressien seen in
trkC and calretinin. There is & slight trend towards proiection: seen with NFL and NSE expression in znimals treated

wilh Mab 2258, lut it did not atlain stal

icance. Thos, usiag multiple binchemical matkers of damage to
large sensary neurons, Mah 2256 is seen to be capable of amelicrating the texicity af pyridoxine treatment.

tn oriler 10 axaming Lhe electiophysiolgizal and behaviorsl ebecte of pyridoxine newropatly,  rats wem
treatad with twice daily injecttons of 400mplkg pyridniine for & days. The functinn af {heir large diametar sensory
atferents were tested elecirophysialogicaily hy recarding the M-wave {dircer motor) and Hwave (reflex sensory)
response in the museles of the fost atier stimulation of the sciatic nerva at the thigh and the calf {Gao er 4/, Ann.
Meurol. 38[1):30-7 [1895]). Treatment with pyridexine far & days resulted in a large decrease in the amplinde of 1;15
senzary responza compared to the motor respense e seen in Figure 18. Cotrastment with Mab 2236 significantly
biocked the pyridoxine-induced dacraasa in the sensory amplitude. This is similar to effects publishad using very high
dozes {20mg.kg daily} ol NT3 iHelgren st &/, sezral.

Animals treated with this ragime of pyridaxine were also hahaviarally tested Jor their propriwceptive function.
Thay wers trained ta walk across a herirantal [adder in ordar to aszape a bright Jight and white noize stimulus into a
ctark box. The animals were videatopad fram below, and the quality of the placement of their hindpaws an the rungs

of the ladder was read by an observer iling to their treatment. Each pave placemend was $¢ored as 2 good placement
-5d-
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{paw lants on lorward part of metatersals, immediately befind toes, wilh toes wrapping the rung immediately), selid
landling fpavw hits other than immediately behind toes, but safidly an rung. toes often not wrapping), nesr foottault
{paws barely hits rung, either an the extreme farward part of toes or reanvard aspeci of heel, but does support weight)
or footfault {pawr either migses rung entirefy ar poor enoush placement that foot dues nat suppart weight and talls
tieough ladder upon weight hearingl. Narmal rats very quiekly learn to place Lheir hindpaves comeetly, which repuires
an excellant prapricceptive sanse of where the hindpaw is in space. After treatment viith pyridoxine i400mprky twvice
daily for 8 days), the pertarmance on this task had doelined, with an almest thirty percent decling in yood placements
and an increasa in bath foptfaults and near footfaults (Figure 18). Cotreatment of the animals with Mab 2256 during
this time, allowed the animals 16 maintain @ much hinher degree of perfonnance, with a smaller decling in good
plarements and smaller increases in footfaults and near faotfaults.

In summary, catreatment with Mab 2258 ameliorates (he toxie affects of pyridoxine as measured
hinchemically, elactraphysiologically, and by performance on a behaviaral task.

After establishing ihat (he UkC Mabs weere therapeotically at Inast as effactive es NT-3, the shserved
adverse event of hyperalpesia wes examingd. This zide elfect of NT-3 administratien has Leen seen in radents [ses
Figute 18) and in humans (Ghacihiary of &, Muscle and Nerve 23:189-192 [2000)). Rats wera trained and tested for
thermal sensitivity of the hind paws usio a Hargreaves device and then administered 1mgikg of Nzb 2256 ¥, or
imgfkg NT-3 subcutaneously i the seeoff. At two, four, and six hours after administration, the rats were again
testad for thair thenmal withdrawal times. Qs can ke seen from Figere 13, NT-3 administration caused a significant
heat Wyperalgesia at four and six bours post desing, while the wkC Mab 2296 was withour any efizct on thermal pain
sensation. 3o, at doses knawn to be effective in raversing or preventing newopathyy, NT-3 docs cause an increase in
sensitivity to pain, while the Mab 2256 doas not.

Bisplatin, & widely used chematherapautic ngent, induces a sensary meuropathy with selective loss of
uibration sense anid proprinception. Here we demonsirate that neuratiophio-3 (NT-3), a member of the nerve growth
Factor family of neurotrophic fectors, restored 1o normal levels the reduced H-roflex-related sensory nerve conduction
velocily induced by cispfatin in rats. NT-3 treatonent corrected an anormal cytaplasmic distribution of neurofilament
protein in large sensery neurang n dorsal roat ganglia ang the reduction in she mumbers of inyelinated fibers in sural
nerves raused by cisplatin. The NT-3-fependent reversal of cisplatin neurotaxicity thes suggests the possible use of
NT-3in the treatment of peripheral sansury peuropathy.

Ghroniz treatment of adult rats far 2-3 wecks with high doses of pyridoxine (Vitamin B8} produced a
profound proprioceptive loss, similar to that found in humans overdosed with this vitarin or treatsd with tha
chematherapeutic agent cisplatin. Pyridaxing toxicity was monifest as deficits in simple and precise locometion and
sensory nerve function and as degeneration of karge-diametenlarge-fiber spinal sensory neurons.  As assessed

quantitativaly in & beamwalking task and by ENG recording of H waves evoked by pariphorai nerve stimulatian,

ation of the hic factar neurotrophin-3 (NT-3; 5-20 mayikgiday, s.c.) during chrenic pyridoxing
treaiment lergely attenvated the behavioral and electraphysinlagical semuslae ialcd with pyfdoxine (oxicity.
-55-
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Furthermore, NT-3 administration prevented degeneration of sensory fibers in the dorsal colomn of the spinal cord.
These data are consistant with the evidence that ¥T-3 is a target-derived newratrophie factor for muscle sensary
afferents and suygest that pharmacelogical doses of NT-3 may be beneficial in the treatment of large-fibar sensory

neuropathies.

Depgsit of Binlogical biaterial
Tho following hybridoma eell lines and plasmids have been daposited with tha Anwrican Typa Culture

Collection, 10801 University Boulevard, Manassas, VA 20110-2209, USA (ATCC] on Juna 21, 2000:

Hybridoma|Plasmid Designation ATEC No.
251 PTA-2151
812 PTA-2148
g4.] PTA-2150
2344 PTA-2144
2345 PTA-2148
2348 PTA-2153
2248 PTA-2147F
2250 PTA-2148
2253 PTA-2145
2256 PTR-2182
DNA pXCA-Z250HL PTE-2138
ONA pXCA-2263HL PTA-2137
DNA pXCA-2256HL PTA-2138
DNA pXCAG.1.2H PTA-2141
DA pRCABA.TH PTA-2143
WA pAGA-Z345H PTA-2142
DA pXCA-Z349H PTA-2133
DNA vegidehim-6.1.2L PTA-2134
DNA vegldehim-B.4.1L PTA-2135
NNA vogidchim-2345L P1A-2138
DA vegfdchim-2349L PTA-2140

This depnsit was made under the provisions of the Budapest Treaty on the Intematinnal Recognition ot 1he
Deposit of Microniganisma far the Puzpose of Patent Fracedura and the Regulations thercunder {Budapest Treaiyh.
This assures mainienance of viable cultuees for 30 years from the date ef the deposit, The nrganisms will be made

availabli: by ATCC under the terms of e Budapest Treaty. and subjeci 10 an wgreement between Gerentech, Inc. and
_56-
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ATCT, which assures permanent and umrestritted avaiability of the progeny of the cubures i the public upon
issuance of the pertinont U.5. patent o upon laying open to the poblic of any U.S. or foruign patent application,
whichever comes first, and assures availability of the progeny to one determingd by 16 U.5. Cormissiener of Patents
and Trademarks to be entitled thersto according to 35 USE §122 end the Commissioner's rules pursuant thereta
{inchuding 37 CFR §1.12 with porticular reference: to 886 G 638).

In respect of those designations in which a Eurepean pafent is sought, a sample ol ibe deposited
microprganism will be: made availabls until the publication of 1he menifon of the grant of the Ewapean patent or until
the date on which the application has been refused or withdrawn or is deemed to be withdrawn, anly by the issue of
such a sample fu an expert nominatad by the person requesting the sample, {Rule 28(3) EPC)

The assignee of the present application has agreed that if the culturcs on deposit should die or be lost or
destroyed when coltivated under suitable canditions, they will be promptly replaced an natification with a viable
specimen of the same culture. Availability of the deposited strain is nat 10 be construed a5 a ficense Lo practice the
invention in contraventinn of the rights granted undar the authority of any gaverament in accardance with its patent
lavus.

The foregoing written specification is considared to be sufficient ta enable ane skilled in the art to practice the
inveniton. The present invention ig mat to be limited in scope by the censtructs depasited, since the daposited
cobodiments are intended o illustrate only certain aspects of the invention and any constructs thet are functionally
equivalent sre within the 3cops of thiz invention, The dkpesit of natorial herein does not constitute an admissien that
the written description herein cantained is inadaquate to enable the practice of any aspect of the inventian, including
the hest mede theraaf. nor is it to he ronstrued as limiling the scope of the claims to the specific illustrations that they
rapresent, Indeed, various modifications of the invention In additian to these shown an described herein will become
apgarent to those skilled in the art from the (oregoing desaipiion and (all within the scape of the appended claims.

It #5 understood that the application of the teachings of the present invention to a specific probfem or
situation will be within the capabilities af one having ordinary skill in the art in light of the teachings contained herein,
Eramples of the praducts of the present invention and represeniative processes jor their isolation, use, and
manufacture appaar below, hut shoukd not be consirued Lo limit the invention.

All raferencas cited throughaut the specification and the references cited themin are henshy expressly

incorporated by seference.
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WHAT 1S ELAIMED 18:
1 An agonist anti-trk(: menoclanal antiody which
ia} shows no sigrificant cross-reactivity with trka or tdeB; and

(b recognizes an epitops in domain & of trkG.

2. The antibindy of claim 1 which further recognizes an epitope in domain 4 of wkG.

3. The antibady of elaim [ which binds bath human and rar mkG.

4. The antibady of claim 1 which is a human antibedy.

5. The antibody of claim 1 which is a murine antibmdy.

8. The antibady of claim 5 which is humanized.

I The antbody of clim 1 effective in the lreatment of cisplatin- or pyridoxine induced
neurapathy.

8 The antibedy of claim 1 effective in the treatment of diabelic neuropalhy.

8. The antibody of claim 1 which does not cause hyperalgesia when administered to 8 pstient.

10 The antibody of claim 1 which has inceased hivavaitability as compered to NT-3.

. The antibody of claim 1 which bas  higher specific activity than NT-3.

12 An anti-trkG antinndy haavy chain conpriging the following COR's: a COR1 selected from the
group consisting of SEG 10 NOs: 1, 2, 3, 4and 5; a COR2 selected from the group consisting of SEQ 1B KDs: 6, 7.
8,9, 10and 11; and a CORJ selected trom the graup rongisting of SEQ 10 MDs: 12, 13, 14, 15, 16 and 17,

13 An anti-tkG antibody light cham comprising the fallowing CDR’s: & COR1 selacted from the
group consisting of SEQ 1D NDs: 18, 18, 20, 21, 22, 2% and 24; a COR2 selected from the proup cansisting of
SEQ ID NOs: 25, 28, 27, 28, 29 and 30; and a GORA selected from the group consisting of SED IO NDs: 31, 32,
33, 34, 35 aml 36,

14, A murine anti-trkC antibody heavy chain comprising the follovsing GOR's:

fal 2 CDR1 of the famula XaalXaaXaaWVK (SEC ID NG: 37}, wherein Xaa at position 113 F or Y;
Xaa at positian 3 is | or M; and Xaa at pogition 4 is E or H;

b 2 GOR2 ot the formuls EIXaaPXaaXaaXaaXaaTNYNEKFKXaa (SEQ 1D NO: 38). wherein Xaa at
position 3 is L ar Y; Xaa at position Sis G or S; xaa ai position 6 i 8 or N; Xan gt position 7 is D or G; Xaa at
position 8 is N or R and Xae at position 17 it G or 5; and

Ie a CDR3 of the formula KNRNYYGRYYY (SED 1D NO: 12} or KYYYGNEYRSWYFCY (SEQ 1D NO:
i3

18. A human anti-trkC antihady heavy chain comprising the foltoving COR's:

(a) a COR of the formula XaaXaaXauYYWaa (SEQ 10 NO: 38}, wherein Xaa at position 1is 5 ar

I; Xaa at position 2 is G or 5; Xaa at position Jis G, T ar ¥, and Xaa at pusition 7 is § o K

S5R-
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o] a CDRZ of the formwla XaalXoaXaaSGSXaaTXasPSLKS (SEQ 1D NO: 40}, wherein Xaa at
position § is ¥ ar f: Xaa at position 3is ¥ or F; Xaa at position 4 ie ¥ or T; X2a at posifinn 8 is S or R; and Xou at
position 10 s B ar ¥; and

i) & COR3 of the formula selected from the group consisting of DRDYDSTGDYYSYYGMOY (SEN
1D N0 14; DEGYSNPFD (SEQ 1T NO: 15); ERIAAAGXzeDYYYNGLXaaV (SEQ 10 MO: 41), wherein Xaa a1 position
8is A or T and Xea at position 16 is 0 or A.

16, An anti-trkC: aponist menoclonal antibody comprising a heavy chain comgrising the GDR's of
the muring anti-rkG antibedy heavy ehzin of claim 14 assactated with a light chain,

il The antibody of elaim 18 comprising human framewarl residues.

18. The antibedy of ¢laim 17 which shows no significant cross-reactivity with trkfﬂ or trkB.

19, The antibody of claim 17 having & homo-tetrameric structure compased of two gisulfide
fionded antibody heavy chainight chain pairs.

20. The antibady of claim 17 vehich is an antibody fragmant selected from the group consistieg of
Fu, Fab, Fab’ and Fiab", fragmenmts.

21. An antitrkC agonist manocional antihody comprising a hunen antkirkC antiboly heawy chain
of claim 15 associated with a huran antibody Iight ehain.

22, Tha antihody of claim 21 which shows an significant cross-reactivity with trkA or trkB.

73. The aniibody of claim 22 having a homo-tetrameric structure composed of twe disulfide.
bopded antibody heavy chainlight chain pairs.

4, The antibody of clain 22 which is an antibody fragment selected fram the group eonsisting of
Fu, Fal, Fab' and Fab’), fraoments.

25, The anlibody of claim 22 which iz an IgG.

28. The antibody of claim 26 which is an 1gG-2 or Ig6-9.

27 A mrine anti-trkG agonist antibody salected from the group cansisting of antibodies 2248,
2260, 2253 and 2256.

28. A human anti-irkC agonist antiboiy solected from the group consisting of antibedies 6.1.2,
5.4.1, 2345, 2348, 2 5.1 and 2344,

29. Tha antibody of clair 28 selected from the aroup consisting of antibodies 6.1.2, 54.1, 2345
and 2349,

0. An isnlated nucleic acid malceule encoding a mukite anti-trkG agenist antibsdy of claim 27.
31, An isolated nuekie agid moleeuls escoding » human anti-trkG agonist artibady of claim 2B.
32, A nucleic acid molecule depasited with ATCT on Junc 21, 2000 pnder an accession number

selecied from the group consisting of FTA-2138, PTA-2137 and PTA-2130.
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1. A nucleie acid malsculs deposited with ATEC on June 21, 2000 ander an accession member
salgcted fram the group consisting of PTA-2133, PTA-2134, FTA-2135, PTA-2138, PTA-2140, PTA-2141, PTA
2147 and PTA-2143,

34, A vector comprising @ nucleic acid molecule of any one ol claims 30-33.
34 A host call fina transtarmad with a nuclaic acid maleccla of any one of clams 30-33,
36, A hybridoma cell line transfarmed with a ructeic acid molecule of any ane of claims 30-33.

3. An antibody preduced by a hybridoma eell ling of claim 36,

38, An isglated nurleic acid wolecule encading o heavy chain of an antiirkD agenist monoclonal
antibody, said nucleic acid meleculs selected from the group consisting of SFQ IA NQ; 58, SEQ. 10 N0: 60, SEG 1D
Hi: B2, SER 0 NO: 84, 8EQ (D NO: 68, SED 1D NO. 88 and SEQ D MO: 70.

38. Bn isolated nucleic acid molecule encoding a light chain of an anti-trkC agonist raonaclenal
antibody, said nuclgic arid molecite selected from the graup consisting of SEQ 1N NQ: b8, SEQ 1D ¥0: 61, SEQ 1D
NEQ: 53, SEQ IO NO: G5, SEO 1D NO: 67, SEQ 1D NO: §9 and SEQID NO: 71.

40, A vector carmprising a mueleic acid moleculz of chaim 38 or clzim 39.
41. A hest cell tranaformed with a nucleic acid molecule of claim 32 or claim 38.
42 A host cell [ranslormed with both a nuclee acid melecule of claim 38 and a nucleic acid

malecute of claim 39.

43. A hybridoma cell line transformied with a nucleic acid molzcule of claim 38 or claim 38.

i, A hyhridoraa cell line transfarmed with a nucleic acid molecule of elaim 38 and a nucleic acid
molecule of claim 38.

45, An entibody produced by @ hybridoma cell line of claim 43.

45, An antihedy preduced by a hybridoma cell fine of claim 44.

47, A polypeptide encaded by a nucleic acid malecule of claim 38 or clai

28, A polypeptide comprising polypeptide chains enceded hy a nuclsic acid molevule of claim 38
and & nucleic acid molecule of claim 39.

a8, A pharmaceutical camposition comprising an effective amount of an agonist anti-irkC
monacienal antibedy of any ons of claims 1, 16, and 21, in admixture with a phzmrceulically sccepiable carrier.

58, A method for treating a neurogathy or neurudegenerative disease, ar repairing a damaged narve
cell comprising adrinistaring to @ mammal an effective amau nf an antibody of glaim 1.

51. The method of claim 50 wherein said weurapathy is selected fram the group consisting of 2

peripheral neurepathy, diabatic ncuropathy, and a larne-fiber sensory neurnpathy.

52 The mathod of ciaim 50 wherein said neurndeyeneralive disease i3 amyotrophic lateral
scleresis (ALS).
53 The methnd of claim S0 wherin said berve cell i a Sensory Neuron of Motar neuran.
_60-
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o4, The methad of claim 53 wherein said sensary neuron is from dorsal root ganglia.
5. The reethod of claim 53 wherein said moLar nedron i3 from the spinaf cond.
56. The method of clsim 50 wherein sid athninisteation is intravenaus or subcutanaous.
57, The methad of claim 50 wherzin said administratian is topical.
58. B method fur enhanging the praliferation, maintenanca or regeneration of peripheral neurans

comprising contacting said neurane with an effactive amount of an aniibody of elaim i, claim 16, or claim 21,

59, & mathod for the troatment of 2 disease or condition involing cell dageneration in a
mammalion sulject by introducing nucleic acid encoding an anti-trkG antibady vf claim 1 into a call of such
subect.

0. Thi method of claim 59 wherein the disease o conditon sefectid fram tha group consisting of

a nauropathy, a neurndegenerative diszase, and nerve cell damage.

B1. Tha methsd of claim 59 wherein said cell is o verve coli.

62. The methoi of claim 50 wherein said nulsic acid is intraduced imo said eell ax s,

63. The methad of claim 59 wiarein said nucleic acid is intraduced into said call iz vivo,

Ba. A mathod af imdncing angiagenesis somprising detivering an enti-trkC antibudy of elaim 1 inan

ampunt el fective (o induce angiogenesis.

5. A meihod i making an agonist ant-trkC emtibady comprising preporing an antibody
spacificatly hinding 1ri(C at a site overtapping with the hindiny sile of a native NT-3 ligand of said trkC.

G6. The method of claim 65 wherein said antibody binds tekC &t essentiolly the savie site as a
native NT-3 ligand of said trkC.

&7. The method nf claim 65 wharein said antibady binds 16 8n epitape within doiain 5 of trk C.

[i1:8 The methed of claim 67 wherein said irk is  native human (kT poiypaptide.

80. The methad of claim 68 wherain said epitope includes amino acid residues 1284, E287, and

N335 of said native hatwan tkC.
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22580 VHII EWIZWVK EILFGSDNTNYNEKEKG ENIN----YYGNTVV
2253 LVH:I FWIEWVE ~ ZILPGSDNTNYNEXFKG  KNRN--—-YYGNTVV
2256 VHIL TWHHAVE EIYPSNGRTNYNEKFKS KYYYGHSYREWYFDY
Human
6.1.2 | VHII SECYYWS YTVYSGSTRYNPST.KS DRIYISTGDYYSYYGMIV
6.4,1 |VIIT  TSTYYWN  RIVTSGSTNYNPSLKS  DGGYSNPFD-—--—----
2345 | VHIL  SGEYYWS Y FYSGRIYYNPSLES — BR-IAAAGADYYYNGLDV
2349 VHII SGYYYWS YIYYSESTYVYNESLES ER-TARAGTOYYYNGLAY
Antihody Light chains
Family Ccoxl CDR2 CDR3
Murine
2250 V Kappal RASKSVETEGYSYMH LYSNLES QHIRELTRS
2353 | V KappalV  SASSSVS-——-- IMY  STSNLAS  CORSSYPLT
2256 | V KappaIlI RASESVDNYGISFMN  AASNQGS  (OSKEVERT
Human °
6.1.2 V Kappal RASQGIRN--—-——~ DLG RASSLOS LQINS-LELT
6.4.1 V Kapsal K5808VBYSSNNERYLA WASTRES PQHYN-TPLT
2345V Kappalll  3ASQSVS5----- NYLT GASSRAT  QCYGRSPPTT
23489 V Kapralll RAZQ3GI8——-—= TILA GASSRAT COQYGRS?PIT
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1 5 10 -3
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<211
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Jyp Rly S0y Tyr Ser hen Pre Ehe
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Ger Gly Tyr fsv Tyr Mac
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EEL
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Tyr Mat Tyr
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<400> 21
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<210% 22
<M11> 17
€212> PR
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Ala hla Ser Asn Gln Gly Ser
1 b

<2L0> I

€21ix 7
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w400 28
Ala Ala Ser Jex Ten Gln Ser
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Trp Rla Sor Thr Brg Gla Zer
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=210> 32
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<27 4» EET

<2235 Hono sapdans
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<211> 2
<ALER PRI
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Gl His Ile Arg Thr Rrg Ser

210> 32
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Xaa Kaz
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w2qux 18
221> Xaa - b or A

<q0f> 41
Glu Arg Tls Als Ala Rla Gly Xas Eap Tyr Tyr Tyr Asn Gly Lcua Xaa
i b 0 13
Val
<ZLLy 47
<?T1> 122
«2.2» PRT
p Harine
200> 42
Amn Hlm Wel %ln Leu Gln G1la Ser Gly Ala Glu Leua Mst Gln Zro Gly
1 B za
Alz Ser ¥al Lys Ils Ser Cys Tys Ser Thr tly Tyr
20 25
Pke Trp Ile Glu Tzp Yal Lys Gln Aryg Dro Gly His Gly Lew Glu Tryp
qu 0 45
Tle GLy Glu Ide Leu Pro &ly Yer Asp Asn Thr &sn Tyr Asn Glu Lysz
L) 55 o
Phe Iys B.y Twa Rla Thr Pha Thr Ala Zsp Thr Ser Ser Asn Thr Alc
24 10 5 an
Lyr HMem &5ln Len Ser Ser Leu The Ser Glu dsyp Ser kRla Val Tyx Tyr
gL ol -
Cys Rla Bryg Lys Bsn Arg Rsn Tyr Tyr Gly dsn Tyr val val lTrp dGly
ico 145 110
Gln GLy Thr Lew ¥zl Thr ¥al Ser Ala Cys
1.5 hl)
=210 £3
211> 122
w212 ERY
213> Muclne
400 &3
Asn Gln val Glon Leu Sin €ln Sz Gly Ala Glu Leu Mel Glo Jro 31y
1 5 (R4} 1z
Ala $or val Lye 1le Ser Cve Lys Ssr Tnr Glv Tyr Thr Phe Sar asn
¢ 3 kY
Dre Trp Tle Glo Trp ¥al Lys Gla Arg Pro Gly Bis Gly Leu Gle Irp
25 40 43
Ile Gly Glu Ile o : Aer Asp Bsn Thr Asn Tyy bsn 2lu Lws
3l F
Phe Lys Gly Ty Ala Thr Phe Thr &sn tnr ABls
45 0 an
Tyr Het Glo Leua Ser Ser Leu Tor val Tyr Tyr
ED a5
Cys Ala Arg Lys Asn Arg Asn Iyr Tyr Gly Asa Tyr Val Val Trp 31y
o 10% i)

Ala Gly Thr TEr Zeu Thr Vil Sor Bar Cyn
: 123

1}

JP 2004-500873 A 2004.1.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(299)

Wi 01/098361 POT/US0I20053

<270% 44
<21ix 124
w212 BRT
213> Murine

<4Qn> 44
Asn Clo Val 3ln Leu Gln Gla Fro QIy Ala Clu Ten ¥at
1 bl Z
Ala Ser Val Lys Leu far Cys Lys

Thr Phe Thr Ser

a0 20 32
Tyr Trp wa Gln Arg Sre Gly Gln Gly Lew Glu Tro
L) 45
Tie Gly r Ben Gly Arg Thr Asn Tyr &sn Glu Tys
=0 K]
Phe Tys Ser Tyn Ala Tar Toa Thr Val Rsp Lys Ser
65 7% 78 14
Tyr Mel Gl Lea Zer fer Leu Thr Ser Clue Asp Ser Ala Val Tyr Tyr
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100 1es o
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1.5
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<ELLE 30
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Val Glo Iea Glo Glo Ser Gly Pro Gly Leu val Lys rpro Ser
5 12 18
r Leu Ser Leu Thr Cys Thr Val Ssar Gly Gly Sar Tla =Eor Sar
22 28 a0
Gly Gly Tyr Tyr Trp Scr Trp Lle hrg Cln llis Zre 3ly Lys Gly Leu
35 10 15
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Lo iR 53
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65 1 I8
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3 113
<212» TRT
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3 13 1%
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@1l Thr Leu Swr Ter Tar Cye Thy V&1 Ser Cly Gly Ser Lle
20 a8 30
Asn Tzp Ile Rrg GLu 2r I Leu &lu Tro

4
“la C GlY Ero Ser Leu
Val wal Gln Fhe Ser
RE ELd
Ser Ser Val Thr dla 2yr Tyr Cys
93 ol
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woliw 129
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20 23 30
Gly Gly Tyr Tyr Trp der Irp Ile Rrg Glw Leu
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Glu Trp Ile Zhe Ty: Ser Asn Pro
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63 13 z
fhe Sar Ten Lys Teu fso Ser Val Thr
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35 40 a5
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70 15 B0
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Arg Glu Leuw Tho
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Tyr Mat
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S
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- Ren Lo Al
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L

ly Gin Rry

Ty> Cly Il
35
Pro Lys Lea Leu
Ly
Ala A=y Fhe Sar
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H!s 7ra Met Glu

Zyz Glu Val #ra
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Arg Cys
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PET

Ran Asp Ilc
Bly &sp &rg

Asp Tou Gly
35
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Soy Ser Gly Zer
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a3
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Rsn Bsn Tle Gln
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Leu Th: Gln Sor Fro Rlae Ser Twn Ala ¥al idorn Leu
o

Thr

- Bl Mat Asn Irp Fae Gln Gln Tys Pro Gly €la Pre

40 15
Tle Tyr Ala Ala Sar fAcn Gln 8ly Ser Gly Val rro
) 5
1y Ser Cly Tle
T az
Glu Bsp Asp Ser

Arg Thr Fhe 5ly Gly Cly Uhr Lys Leu Glu Met Lys
O 118

Home Faniens

Gly “hr Gle Fhe Thr Lew Thr Tls Ser Ser Lev Gln
Ta 75 a1
Ala Thr ¥ha Tyr Cys Leu 3.n His Asr Ser Lea Fra
BS GL a5
Gly /s ¥al Glu Ile Lysx Arg Cvs
P 11cC
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Met Ihe 3in Ber Pro Rep Ser Leu Ala Val Zer Lew

. ]
Gly Glu Aoy Ble Thr Val Ser Tyr
20 20
Ser Asn Lys Bsm Tyr Leu Ala lrp Uyr Gla Gin Lys Pro Gly
40 45
Gln Iys Leu Ley Tle Tyr Trp Ala Sor Lhr Ary GLu Sor Gly
KE] 60
val Reg Tie Ser Gly Ser €ly Ser Gly Thr Asp the Thr Te
] 70 75 ae
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165 20
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Ser Ser
bo

Sor Gly Ser Gly Sar &ly Jhr i
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Thr Ty Leu Ala Trp Tyr Gl
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Trp C1= Val Thr Gly
21%

per tcp Tlr Asn Yal

Gly
260
Val

Phe Val Val Arg Gly
295
Cly el Frao Zeu 2rg
210
- 3o Gly Glu Tlc
325

Tyr !
AT

nla pnsn Glp Thx

Rsn GLy

hsn
378
Thv His

Bla Val Gly Lea Ale
405

val et Tle Asn Lys

ap

Fro Val RBla Val I_e
440

Bis Gy

Aol

Gln

3lu
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als 31y Pro RBap Thr val ¥al Tle G1y Mot thr Arq Tle Pro ¥Yal Ile

£8h 4¢n @75 LRI

Gl Asn Pro Sin Tyr Phe Arg Gla &ly His Asrm Cys 1is Dys Fre Asp
4¢3 492 445

s Liis Tle Tye Arg Brg Rsp Ile Val leu Lys Arg 5lu

Bla Bhe Gly Tys val Pre Leu Ala Slu Oys Uyr Asn
520 523
Iys E3p bLys Met Leu Va. Ala ¥al Lws Ala Leu Lys

Ale &la Arg Lys hsp Phe 3ln Brg Glv Ala Glu Leu

350 560

Hdis G Tyr Gly Val Tvs
573
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Gly ARsp Gly Rop Pru Leu
5

Ala Mot lls Leu

6035

Gly Len Scr Gln

- val Tyr Leu Ala

G40
Az Sys Leua Val
w55

Gly Rla Asn Leu Lew val Mot Ser Arg Rsp

G632 &7
- Thr Asg Tyr Lyr Arg Leu Phe Asn Poo Ser Gly fac Bsp

L:3¢) RES
Trp Cys Glu Val €ly GLy Eis Thr Met Leu Bre Ile Arg
(-5} co
Pro Siuw Ser Cle Met Tys Arg Lye Phe Thr Thr Glu Ser
1 N e-) 720
Tzp Ser Pho Gly Val Ile Lew Trp Glu Ile Phe Thr Tyr Gly
725
- Fro Trp Fag Gln hew Se- Asn
TeD 745
Thr Gln Gly Brg Val Fro Avg val Cys Pro Lys Glu Val
EE] 753
Tyr Bsp Val HMet Gln Pre ®1n 31n Arg Leu
I 180

Asn “le Lys Slu Lew H-os Ala Tou Gly Lys Ala Thr
785 EEE 300

Pro Jle Tyr Leu
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{0 57
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tragguaaca geastggqaa
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cttegggeas tacaghhgga goagascttt bteaaciycd soetgbgicat cogatggatyg 420
aggagcaggy ggaggecday ctoaacogoo agaacchota ctguatcast 450
oooaygelioe botebicege atgnacatoa choagtglga ocathooty
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