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6, 2005, the entire contents of which are hereby

i ncorporated by reference. BACKGROUND OF THE | NVENTI ON
Trk tyrosine kinase receptors are nulti-domain

si ngl ANTI-ARIGR MONQCLONAL ANTIBADIBS ANR USEHEHIIHEOF
role in a w de spectrum of neuronal responses

including survival, differentiation, growh and

regeneration. They ﬁﬁdﬂlqu{ﬁq“bﬂl\IIXTﬁé ptors for
y obp

neurotrophins, a fam rotein‘gromh factors,

whi ch Thepreskes apicatogclaitidithe detadit of NG:)Serial No. 60/687,705, filed
brai n-derived neurotrophjc factar (BDNF),

n&umeds POPhite entirqgantents ofphigh a%e&tqr%baﬁm&ﬁ?@te@wr&ﬁ%ﬁme-
The neurotrophins share highly conserved structural
features, yet their unique am no acid sequences allow
each nenber to @AACKGROYNDROF THEJINVENAION ons with
the extracel|ul.ar domain of s cific.Tr.klr cept or

name! y Vi bosincekigse escepippuare Reitdomain ifele ARt ang

f iA8vidE Sh&krufrofl HettohdBrebfinses

" RegibiAharghhfutithollintioR Bl SpRL TR e
i inchiding supyieer differsnbiation, Bravsthand ragereratipa.h Theyee high affinity

affinities, Amng.the.Trk recepto l.g-0f .

oL e SR ST AR Rt RO 1 e
S ¥ NFAKNINGTY] teBinaderiveill dedrptroplsit facett(BDNF), hdreotrophin-3 (NT-
brain, including in the neocortex, hip ocanp%s,

sB) gt WOttﬂthb‘?/é e Tf‘&{ﬁ}ra’fhf‘drﬁum?wparrﬁﬁﬁ%r@éhgh Yspnsgrved

B n . i i . .
O3 Rk ] G200 bl LARABEARIR Egheer o
neighefdgienaterddtions iithehdearacelhdavddnmimohspebidic Tok receptors,

neur od nerative._no ,. 1 ncl.udi st.r.o spj
o Ay B 3 ot B, Sl ine Btersre e 76 TS BISN ana T-a/5
S h&g@éfeﬁed ﬁgﬁ{éﬂ.\é DE%SIF] AR A EREPE RAs el SKAW toSHiad THIEG, alth6ugh it

responses o ave been shown to depend on the
bilsdiapgeassid birwt Trkdt arshldB Witk Bweasffindtiesd, Tr k

or ot 6 forgifs THerdoRTpe e PR A HRE MR mgrerined n the

b & a derd 8RR yRienP(CNSY STRBRE R Rleledis@ibutedrial tibrain, including in
intracel lular tyrosi ne ki nase domai n. The

esherneoetntax hipporaminus, sthatumwpladerydprmation and brainstem. Using
BDNF as a cognate ligand, the indispensable roles of TrkB in neuronal survival,

differentiation and neuroregeneration have been shown in a number of
neurodegenerative models, including stroke, spinal cord injury, axotomy and ALS.
Through various signaling analyses and receptor knockout systems, the
responses of BDNF have been shown to depend on the binding and activation of
TikB. As noted, Trk receptors are multi-domain single-transmembrane proteins.
They consist of an extracellular ligand binding domain, a transmembrane region, and
an intracellular tyrosine kinase domain. The extracellular domain is composed of a
leucine-rich motif flanked by two cysteine clusters and two immunoglobulin(Ig)-like

domains. Trk receptors have been shown to interact with their ligands mainly through
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t hrought he second 1 g-1ike donain, although
contribution of other regions such as a | eucinerich
nmotif and the first I g domain in |Iigand-docking has

b d, Th t.ruet f_t. ' .
O ARTEERE ne B SABIE OB ENE R ed0B Lt cucin
| i ganetif Seant st Loamhsix és lipardeddeking Hae bedr/prdposEde The crystal
i gand-receptor interface appears to consis

e of, t
R Of Gl §%5K bk SaPFeHO R HKHEFPATSET 1ol i ighd receptor
a |} jqn 1 Iy r ist of
T
t tovo paktchesamptior 5 conseve bimdingj metif shated amoagadllngbégpbins and

confaormati gnal changes ocgcur, which are believed to
I’%ﬁ&t}tebs%tf_{]%é?f F%fﬁil‘ "g’(‘mf‘rﬁgﬁ’innt racel lular tyrosine

ki nas eUP@ﬂTﬁfe 'Eind-i—ﬁ?é’)ﬁhe%f&rqi)ﬁﬁﬁ & ITrIE RREMOMSCEEcEPbOGIRESation and
in the tntracellular domain of Trk receptors.

Rivbsguentdoafiromatiofial changasioequsgulich eveybeligigs tofleadde activation of
ki nase d in activates the kinase I i o

S SR OE: Pt BisF B HRRCs Btk serfymosines in the
bintr6ESRNdr A8 @RCH THE rédeb®ss. f Biosphlaplacion pf thieautvsegduldbdry loop of
coupl e these receptors to intracellul ar si gnal [

cthe e dompislagiyaies thakiness acivey andahosy P’ﬂ%&?ﬂﬂﬁréasidues
G0 S 5 Mt e o
_S@quth@go Wfagélaﬂai St'i]g)ag_hgl lem_adiersldim]w_ir@! Rqsédxtm?ahl/la ls'giréal

I nvolved I n | Screte .ni ogl C acll ;. .RAS
BGEIAOInTTE GF B A PR -GS0 BAAT PSP KB PG apiibyey and
zﬁ?sg@@pﬁ@@bm& CRARGh s@ﬁfe&vﬁfudd’x‘%ﬂghﬁﬁg,ﬁfi&e Shdividval

ganme’ I's involved in calciumnobilization. To
dpatbwayswee envekiedtin discisteczelogioal acsiviting! Res/ WA e tagulates neuronal

th act .as te nd jve.in viv [

| Wlr PR RBRg el PEIGRM M SRR S Gl one
SH@WRal shd AT BABMANSIHVERAY IS edlMiutahokilidation.

neur or egeneration in a nunber of CNS degenerative

model sTpdatgi thers exit np suesesssy] expmplasof srrgents thappgyas potent and
protein.therapy..i i Ry i-

P DSBS DS SOy A, s e
Thieyva foSnérbgseekoropalasundes and nttreregeherbidon in a number of CNS
phar maceuti cal reagents that act as pot d . .
sefgeapiatize medels %wgrg@ﬁd & ¥ivgs tﬁqp}&@?ﬂi%{ﬂfﬁ\%“?ﬁéhﬂapy in

| YYENTA R been negative, most likely because BDNF has a short in vivo half-life.

There is therefore a need in the art for pharmaceutical reagents that act as potent and

selective in vivo agonists of TrkB.

SUMMARY OF THE INVENTION
The present invention provides monoclonal antibodies for human TrkB. In
certain embodiments the inventive antibodies bind and activate human TrkB. In
certain embodiments the inventive antibodies are selective for human TrkB in that

they bind preferentially to TrkB over human TrkA or human TrkC. In some
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enbodi nents the i nventive anti bodi es are sel ective for
human TrkB in that they bind preferentially to TrkB
over human TrkA or human TrkC. |In soneenbodi nents the

i nyentiv nocl onal anti bodi &s = i b kB.
P BT AR A G5 505 neas b e

phar magRuAsabn GRIPRSIddsPhsrnideatticabompnpesiti@sehacomprise one or
of these anti bodi es. The i nvention fﬁ%t her vi des

. . r .
meerh of thesomntihodisar The inveatiomiyahes RFgV S BelgHs for preparing the
ant i hodi es I r RESEPNG siBhs bMtBe inventive
RVARYT EONREP #%%gjflé(gﬁgsgeH%rﬁ%}g%dﬁ%Xé npassed as are the .
hirEibbdle®@s atsb@hcqnpadsaiastinethie hybridomas thatt prodetiedbe invertive
invention further provides nethods of using these
rastibedighal anti bodi es as agonists of TrkB. In certain

embodi %ﬂh?er{%i'&ﬁ RN S ARdds Rdhédiadiemgahide wid@dcaal antibodies

agoni sts o uman TrkB. According to such enmbodj nents,
t Beganisisb6drldd. hegertain anstaliments theanonrastamet asibedigh prerpsed as

requjre JrkB ivatio i.ncl udi ; I ' .
oA o ek AchdHing 1§ Spet eIt O kiR odics may be
f Qkd det-6f thdtidadPhich reuie MRk® aahvchtioR] inddding @eurological
purifying TrlicB froma sanple using the inventive

acmrl@dbi@dis.es. DESCR! PT| ON O: THE DRAWNG Fi gure 1
depi Ctﬁb%%?%;go%%%{ Flfhef o%@g#%?%%rtdeﬁ%% THB M $sample and

sera f ‘mmuni ze e sera

binB@bagfor @aHlyise TH®Mram asanPle wheahe mvehtive aribordissnant
protein that includes the extracellular donain of
human TrkB fused to the Fc region of human |Igd

(rhTr kB- EDC- Fc) @VL]T%S f ON GFYYHE PRAWINES @ bi ndi ng

results from an ssay wth a reconbi nant protein
t hat i Rightediedepidte TekB-sperefid antipdylactivitiesdh immung gerg fijom five

L 520 ARV e 65 g B S 1SR sy i
r REb BinERGrbeiihet iRENGed the 8xteRNakt 86:04in B hivhan T8y fused to
are shown in (C). Imune sera bindi n%@t o surface

r tiEFeBeginn PERRABIa6H| (tBTHPeERROM arshopp n iy framyne sera

ﬁgﬁlfhgltgﬁgsgﬁtg Elr@%% ?11{ Eﬁfg%{ gss‘é{) %thvﬁ%gorﬂg}x%tqﬁgtem thit includes the
extracellular domain of murine TrkB (rmTtkB-EDC) are shown in (B). The extent to
which immune sera could block the interaction of rhTrkB-EDC-Fc and BDNF in a
competition ELISA assay are shown in (C). Immune sera binding to surface rhTrkB
on HEK-293 cells are shown in (D).

Figure 2 depicts control results that were obtained with neurotrophins in a
luciferase activity assay that uses HEK-293 cells which express surface rhTrkB.
These control results show that the assay can selectively represent the activation of
TrkB.

Figure 3 depicts results that were obtained with immune sera in the same
luciferase activity assay as Fig. 2. These results show that incubation of hTrkB cells

with immune bleeds significantly increased the luciferase signals in a dose-dependent
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activation of TrkB. Figure 3 depicts results that were
obtained with i nmune sera in the sanme | uciferase

activity assay as Fig. 2. These results show that

[ tion of hTrkB cells with inmune bl eeds

signiticantly increased the luciferase signals in a

dose- dejpurdedepien nasolts Hagwer obtalegl with certu TrleB wititodies in the

| Giie BRUGESTARATUY Ay Res LIE As A of o A cayieg doseEFendent

ARt ?éjs' 1ﬁ§hé%‘%a¢ ifhasE; %?%@Q@g%tof'md? g‘ﬂ§ €¥hd ﬁhaf(lhﬁlm signal
si gnha in the range of 10 1
e donmves i dbldwivatibasalies mestoftthe dntdméresmb@h Wa@ icomparable to
t he ant.i hodi I
- eygroa’ gt P2 S bE AR et Bl g over

basal ) Fidukd§ 66pibts daPiesilss thzit&vdr@@b‘ﬂahﬁdtuhﬂi ceraireT rkB antibodies in
obtained with certain TrkB anti bodies in a neurit

oamgrgortezewEnAsSayh eTh&s?é%ﬂY used umamaciraklatenn §§&5¥rﬁlls which
S |
X@im%% tg I’e%(ﬁi%éscﬂtl oh %%ﬁ%g%l?c%l%%ﬁﬁ @a n@?gt% B]P%Igtand of

neuronal rentiation. I'on o
aﬂ{dsbﬂdibeﬁle@pmmmtaﬂnmmé bllitgrcmth gs dmmmteddm]n&'easat; édthe

i ncreas in.the neuri h ( nd the nunber
ohetis IRl #ed tpspuroes of B ¥ Bk mhgESEatyepRges of a

¥ Sﬁf‘ R HenO5BHRSar8 SRowi ﬁi’\(@g' 'Thé @sult; Renf @AW sS ré‘s?@fgfb analyses

dose response anal yses obtained for a subse
t bbened ol obsaof ahese alhtdmdlasratre( ib)ownﬁnngb e 6 depicts

;Ete i ngrglé%g hgétcﬁﬁ rﬁf}} gﬁtglﬁt?“ef%ﬁ § I o Tr,i; B antibodies in

MR &S ioPfotddiien askay! Tak afay %e‘aélﬁeme isadvpehl SY8iffee@itinted SYSY
foll om ng serum w t hdr awnal J&%y Resul ts showed t hat

BOEs ﬁﬂqwm\ﬁemm withesapadi 1Dé1§3’p Wistshgwed s BENE ardeggveral
S
o ERtlbfds Rt TR Bl % 0P Bl CREROR £ B £ AREEd

thﬂiremlgcebtvaibnﬁgl when three anti -TrkB ant i bod| es
18C3, 29D7 and 17D11, which were shown to bind
r econbitiEt 7 depictssomepBtherTastisghat Wess ebtpined ahep HHP%@ntl-TrkB

gggﬁ?tﬁ)?tlésa 8e(9% %ggbggarr]lggzbﬁ g’t x‘z@%e?éé%ﬁg%% W] toe}&!dn’(&ﬁéht murine
ptor. Results are
S ﬂ‘mMBl (oFrkB),veae tetsted in rat cerebellar granule neuron (CGN) cultures for
activity against the endogenous rat TrkB receptor. Results are shown for a neurite
outgrowth assay and a neuroprotection assay (29D7 only).

Figure 8 depicts the results that were obtained when certain anti-TrkB
antibodies were evaluated in Western analysis for induction of TrkB
autophosphorylation. All antibodies led to robust TrkB phosphorylation, and these
effects were antagonized by treatment with the kinase inhibitor K252a, indicating that
these TrkB-binding antibodies caused activation of TrkB.

Figure 9 depicts the results from a FACS TrkA binding assay (A) and a TrkA

luciferase activity assay (B) that were obtained with certain anti-TrkB antibodies.

These results show that inventive antibodies do not bind or activate human TrkA
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only). Figure 8 depicts the results that were obtained
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Western anal ysis for induction of TrkB

aut ophosphoryl ation. Al antibodies |led to robust TrkB

phosphoryl ati on, and these effects were antagoni zed by

trﬁat ment with the kinase inhibitor K252a, indicating

t%a8: t hese TrkB-bindi ng anti bodi es caused activation

of Tr kiBgufel 10WePict: e RisalSthahwefeasbidihel Whanteatamm ms-TikBA
bi ndi ng assay (A) and a TrkA luciferase actjvi t%/ alss%y
esults show that

(BYibodias warervabistediinad Tk dueifeease apthvityassayr kgse

ant i hodi e ese : i.knventive

alﬁ%’?rﬁ{;‘{ﬁ iarelélb%dg&n%ot n%?ﬁ%&agfhégmlgt@é%&mn TrkAcel | s. .
5 Fi gur eFiglredidpiepicss thheodeasniotial df mavnate hypotic-aschentiafihthat is

certain anti-TrkB anti bodi es were evaluated in a TrkC
I%P‘i@‘?ﬁé@ﬂ%@ﬁﬁ%@u&say. These results show t hat

| nvent Fiﬁreg'ﬂ &ég&@é &8 affnd'Rhid @ﬁ;&ﬂ&tcﬁ‘ HosRR B K SEQED 180:1).
Fi gure epli Cts the rodent del of neonat al
hy poxi BighsclBedepicty e pritrascid sequasecbfonuriteelkB\(SER 1D NO:2).

procedyre. Figut 2 depicts the amno [
o it Wit ST 450 st gniet 1. BB SPEERER)

10 amno ?i%hﬁe BREEHEE fhie @iBIAdiA Seqlietidd dfPBRKED T YEQ ID NO:4).
Figure I4 depicCts the ami no acid sequence of rat TrkB
(SEQ ID NG 3). Figure 15 depicts the am no acid
sequenge. of

depi ct lgpﬁeel éér%p ?1%§glg %hg%éﬁg%@@%%% II r E%G(F %%DI IEI)O:S)'
rl:lO 5). ?@E%J{?;%é(g?itgﬂﬁl\baﬁﬁgo ﬁdﬁg _Sét{’den@l(ﬂiﬁmheméﬁkﬁr(SEng NO:6).
uman Tr ] . Fi shows the phage
bi ndi nfiemte Bashexsdhg phage Ll@@&g’g@ﬁ g@?%@%@f"%@%‘?ﬁ@ set of
Ny . _ . | oot i _
R B S R S S
sel ect Bibusc Pushamtsithobindmgtspedi Beityust TrifBtselecreAcs aaithpdies

The data sho hat TrkB sel ecte Ev, ant i bodi-esS .., ..
et PR P e ad B R B b 1P R RERF dmibodies
NRABEKitK friehitRshe HsSdcRAEATEB i d dpesific ER-RBE (FIRE histdgramE)ovith no
control cells (open histograns). Figure 20 show ELI SA

berods-regetigtyutiotoontrolcello (Wpen dtegiempody and its Fab

20 Figure 20 show ELISA binding results for 290D7 IgG antibody and its Fab
fragment with human (A) and mouse (B) TrkB. Both total IgG and Fab of 29D7
showed dose-dependent binding activities to human and mouse TrkB. However, the
EDs, value of the Fab was about 100 fold lower than that of intact 27D7. Neither an
isotype control IgG1 nor its Fab fragment bound to TrkB.

25 Figure 21 shows luciferase activity in HEK-293 cells measured 16 hours post-
treatment with 29D7 IgG or 29D7 Fab. Both total IgG and Fab of 29D7 induced
dose-dependent luciferase activities, indicating activation of TrkB. However, the
ECsp value of 29D7 Fab was about 27 fold higher than that of 27D7 IgG (0.083 nM
and 2.28 nM for 27D7 IgG and 29D7 Fab, respectively). Neither an isotype control

30 IgGl nor its Fab fragment had effects on TrkB activation.

Figure 22 shows results from the epitope mapping analysis of anti-TrkB
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val ue of the Fab was about 100 fold |ower than that of
intact 27D7. Neither an isotype control Igd nor its
Fab fragnment bound to TricB. Figure 2 1 shows

i Fedpehie bRy TG T ES SR CGIy drna
L EARLeER AL 1R of tidtgss dosendsnendantih ENISGED, SEQ

I ndi cat1 ng activa n of TrlcB. However
tIDe\I(HCZ5 Amird acids¥6420 370 PABEQED MO0 amiopprl pffieglgéi-2 segment

togg af%@%géﬁ@%ﬂ ggﬁéﬁ? e ﬁmln&émﬁ%%@g K 1f3go[)fts% NO:1).

CRfatop)7, P53 1 189 fanl 1 9E FRhohbél e Ahtibijeseflf IeccsgmmOerp-a Bf the
activation.” Figure 22 shows results frﬁgmthe epi gg%%% 75
0

rfgﬁpl segmentof ineancFrkBrENLY GBRo BRI IBNP: 19n eminode

i STy e B 8003000 e g e
AGIFVRBED IDNG 1( Kd&ﬁ}iaéads SEXd L26NTH SEQ HaiN{: 1).

acids 364 to 370 of SE IDI\IO nd f t he
| gG 2 Beyraaicommpares Restaink hat ) M’@ﬁamféié%)‘ﬁ pigfum and

1@)0%31%%{1%@)&? erb tgﬁ]aghrl]&ft aﬂcfEthg)l els@lemﬁr@ﬂﬁﬂﬁﬂr 7F5,

nmonoc ant i recogni ze
I oop FighretAeohyp@res tisegiat btaimfissue hess () kBl %@N@W@E@ tissue loss

A 2,209 of SE(% nican &%tandard

a@a fw@fg@gbﬁ?a@@s@ﬁ %@acﬁlﬂwq gﬁiofiﬁté%f SRAOPVILS S
Z%FE?Q)Tf el ngBcln( :S Bﬁﬁ@ anB A THKB mEBctRaPaiti#ed2 29DT showed

SEQ D NGO 1). Figure 23 conpares the stains
t hgﬁlﬁvmt do&"ﬂadeplen@@t pratention of grertiraindana Fd pgyp @’&rﬁﬁ%@cuon was

e e A e S S

t@ne?ngio?gg}v?@ﬁl@ﬂadm&d ssue loss (B) for different
reatnents after H injury. The dat re shown
and stEiguesrZd ey ﬂh%msulwéfﬁé&%VPsg@ﬁ?avaéﬁwa&ﬂ&t Was tised to

a ettér ﬁé(gasgggéojcéc?l ?c es FOL difFORHt ﬁ&%eﬁt@ QﬂﬁdHFinﬁﬁyf Taa dsults for

epen ection of rarn from i njur
T&;efemnot@wns@nﬁthwlﬁammtre Sloval asmezhntﬂosw SPSF fand anti- TkB

SBRBTAPT) aB OB foted CEBRT R A AR S5 BRI Re

resul ti0fe % @%ﬁ%n@bﬁ%%ﬁ%ot@ﬁﬁ@%plé@@ékeﬁ@ﬁmﬂ sfick di0en
different treatments after HI injury. The samples were separated by SDS-PAGE and
subjected to immunoblotting with antibodies against certain caspase-3 substrates
(PARP and o-spectrin). Antibodies against B-actin were used as controls to verify
equal loading of proteins. The results show that cleavage of these caspase-3
substrates was inhibited by BDNF and anti-TrkB monoclonal antibody 29D7 (C =
contra and I = ipsi sides of carotid ligation).

Figure 27 shows immunoblots of protein samples taken from normal mice

after an intracerebroventricular injection of anti-TrkB antibody 29D7 (or vehicle as
control). Samples were taken 1, 2, 6, 12 and 24 hours after injection. Samples were

separated by SDS-PAGE and subjected to immunoblotting with antibodies specific to
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and anti-TrkB nonocl onal anti body 29D7 bl ocked
caspase-3 activation caused by H injury. Figure 26
shows i mmunobl ots of protein sanples taken from m ce

given different treatnents after,..HynIniury. The

difires ke PoorpP STRT B¢ ciud BRan i iy @bPGporiRI1/2 and
| BHYHRB! AT, NAntikddiesaBhinRiPlh@m W& ubat ast@dhtrdlsio verify equal
caspase-3 supstrates (PARP and a-spectrin). Antibodi es

adradingrofipreteins n The resulis o vathatanic FBsmproclenal pytibagdy 2007
¢ AP e R R o BASE L SRRIPNATKTCUARSREE ,©

ahippodarihl and octtioslasampisiabkoshywA%nd afGepresantative @firdsults abtained

i psi sides of c rgtid ligation). Figure 27 shows
i m%ret@r%ﬂm@? tein sanples taken fromnornmal nice

af ter tr858 RCLASRAGHERT (rg]]i’uﬁﬁﬁfﬁ:rati{)ﬁ‘f)tsﬁl% IERK ?fé(l)s)phorylation shown

anti-Tr ant 1 body 29D7 ( vehicle as cont

Samplges 2re taken 1, 2, 6, 12 and 24 hours after

e ST 08 e 2o DY SPRERGE, M ppaion s

t gprpei 15 that are phosphorylated as a result of TrkB
activation g hospho- ERKI / 2 and phospho- AKT) .
Ant i bodfigsge gahm@& vehige anch2 YRt Beatedbrapstissuef thef| have peen fixed

ver I ' f Lot ei

! S R R B P g T RS, e marcr
t INSRNI&4TO elé ah aptiphpiphoyERK | QrantibodyRidnter) aMtle At Hahdtfipures
from hi ppocanpal and cortjcal sanples are shown and ,
asBoY digse bunmgrgcde ERK 12 @bmp@%%t@pﬁ%agm.ﬁ@ﬁm?.‘/oﬁwn&wrthe

S ki 28 is a densitonetric quantification
o P SaleS

sphoryl ation shown in Figure 27. Figure
29 is Figleadi slooves the tcintpuaourdefdf ERK 0D acivagioe ivhii€ cortical and
phosphoryl ati on _shown in Figure 27. Figure 30.sho
D RRBrandsl oo Sp Rt as resrapverdeat gkt ALFUE
fitScRAM dnfBydPdopr escently |abel ed with an antibody
for the neuron-'specific marker NeuN (left) and an

ant i - pliagpéd2 BRIV the dnsd-depepdqnt érikitipn offpurite guigraveh of
figures show these two nerged,,ER ho oryl.ation
i él?a&m;?r?l%eifﬁf Evmg]terngﬁﬁ)élﬁ cz%hseil R% (K)%/EX@ 188 PI_Q) m¥ehn.
Figure 33 shows the reversal of (A) MAG- and (B) myelin-mediated neurite
inhibition that is caused by anti-TrkB monoclonal antibody 29D7.

DESCRIPTION OF CERTAIN EMBODIMENTS
The present invention stemmed in part from the realization that monoclonal
antibodies that specifically bind to the extracellular domains of the TrkB receptor
might dimerize TrkB and be sufficient to induce the activation of the receptor and
biological responses similar to those mediated by BDNF.
Monoclonal antibodies in general represent a unique class of proteins that
have diverse utilities in research, medical diagnosis, and the clinical treatment of

disease. Advantageously, monoclonal antibodies are thought to have greater



29D7 treated sanples. Figure 3 1 shows the tine-course
of ERKI /2 activation in the cortical and hi ppocanpal
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anti - TrkB nonocl onal anti body 29D7. Figure 32 shows
t he dose-dependent inhibition of neurite outgrowth of
primary cerebellar granul e neurons caused by (A MG

o ) o ; .
b oYNC oty fros o Bl rb i UL SBONG: by allowing
i $orcuisteindbloyhampdcolfpidal efferdcihatiave ahrsig'rﬁl@(ﬂayxt B&ITit for clinical
DESCRI PTI OF CERTAI NENMBODI The present

RORRENH- S FHEBP FriDB G T cURoR R ARGl Geiet Shmopeglonal
mengsddo meddicibhRdivae pEé%ﬁti&p&t‘dr%éﬂ:@éﬂsiﬂaﬁt Pelfﬁchﬂn}t%%tmem of
extracel lul ar domains of the TrkB receptor ght

d FRRCETS A8 87 bk@sth selopenanyHpdglie’s {yrmphanked leydetnfing, rheumatoid

agli ' recept.or and bi.ol ogical re nses.
SR 5 SRR e BRSSP cnse,
apercankas cofongsnateavention, @desthnA, \Mthélugedibta%ppRations for
proteins that have diverse utilities in research,

nEEHES2 Hrishhfhumangispasesavith mpnecdenal prtihadisstaroslso currently in
dj 18d ; ' igs are
e il YR AR et B RCS I BlacRitlel Bl S pemaraly

r egopécdhignblopliog e neutslicingasol BN etveets elrtodl Yyasndogerdons

sust ai ngl e.lﬁgﬁ&n&col ogi cal. effects.that have a

sﬁ%%ﬂ%‘ﬁ" EHRTIBENEACHNg B SRS egh-alAinHY priagewps. Lre present
e¥RERid, moRScIeHlRaAbodikd Ak Gald a4 ag&ﬁﬁt%lgﬂ n&iﬁ‘ﬁéth%fbi%lo%ifcal

monocl onal anti body nedi cations i'nc preventi o
ofldRats efiraeppiirdigand eteraciians, treat nent of cancers
(e.g., breast, colon, non-Hodgkin's |ynphona,

| eukem a), rheumatoid arthritis, prophylaxis agai nst

r &spi r Bloasdlosyineyibbdibs dd Mordbmease, C ohn's di sease,
percut aneous coronary intervention, and asthma. O her
medi cal® A§EEPechithe presSems invieptien piogidss wonpeloyal ehtihediemthat bind

dySRASERR I [ ' re also.current
haggPER I MORestSnlecnlb ARt B0k BRI s
nBBc(SERRID Nt 1 beilh es Easeinghe emge by alsoun ¥ y&didubout 500 nM, for
bl ocklegig Er neut %ﬂl) i zi ng. nol %gul ar_events exerted bi/
eRABREHOLC 1anga AHRDOE At BVbio abait | pMaabeuid 0 pelaut 1@0 pM, or
hitalat B bt b¥od 03RS buSed Adej St AVRRHLPN
nonocl olgal .an? [ bogliwgs are useecfhglge tgggn?%%’lé {%ﬁ%@h%{’% c
t Gpsompass orgrlgtlxbns of +£15%.
In one embodiment the inventive antibodies are also agonists of human TrkB.
In certain embodiments, these antibodies activate human TrkB (SEQ ID NO:1) with
an ECs in the range of about 10 pM to about 500 nM, for example in the range of
about 10 pM to about 1 nM, about 10 pM to about 100 pM, or about 10 pM to about
50 pM.
In one embodiment, inventive antibodies are selective for human TrkB (SEQ
ID NO:1) in that they bond preferentially to TtkB (SEQ ID NO:1) over human TrkA
(SEQ ID NO:5) or human TrkC (SEQ ID NO:6). In some embodiments, inventive
antibodies do not bind to human TrkA or human TrkC. As defined herein, an

inventive antibody “does not bind” human TrkA (SEQ ID NO:5) or human TrkC



effects of receptor-ligand interactions. 1. Mnoclona
anti bodi es and hyb domas In one aspect, the present
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human TrkB (SEQ ID NO 1). In certain enbodinents,
these antibodi es bind human TrkB (SEQ ID NGO 1) with an
ED50 in the range of about 10 tho about 500 nM for

TR Tb Bt C oM St e PP 1R kol
0neMratiSnsUnede ARyueil MM, T8r é)@hrple @ﬁmetaboutg chﬂ\m atede tloout 100

enconpass vari ati ons of 15% In one enbodi ment the
inbf engbiove abowti lnodi es are al so agoni sts of human TrkB.

| t bodi
h 3 rr;ﬁ rIrf,r%IR% %WE:Q BF %%)f 1%@8?%08@5 E%Sos@lel%ﬁvf‘ﬁ)té 'h‘rrﬁgfr?g grlél? in that

ahGudo A& ablitdtohahanTrid0 (BEQ/[[DNID 5¢ ma]nmham TrkG (SEQ Hhd:6).

oha e bin, %Er&gﬁﬁge“%@gy sasesmit s<tivaRe riB dfha FEG
ﬁ@ﬂ %g‘ﬁ %\?m lﬁ-? fﬁ\ﬁ‘% Il?'iﬁ%%? |r8Cddn¥® doetdetimbdactiviior wHERthese

nd preferentially to TrkB
%dr@af@ncéﬁtraﬂmes aHuYHahoﬁrl 1\GEfor pRRmgle BhoYs abeyirkhnM, above
TrkC (SEQ I D e?bg E me enbodi nents, inventive
AverbH Fhattt human TricA or human TrkC,

QIS ngeflhu i eﬁ%ainﬁbnt aRvdniave RhtibERiRModRaBY bindgsbenoten BDNF

P o (R EOBE N v Gek b?émg FEREP g At O Rl about

okt straSR R R iRl fBaRDY BB B0opd 1 A, crdbout 100 pM to

o0 sgretobdenc i i

| o EONd s ATRBEOPRENEOSY). oS Fitieh befae apaggntive
bgdﬁ %loégzntogﬁfo%ﬁ‘%ﬁ gﬁngiﬁdgfkﬁt\?%d %%deﬁ%uﬁﬁhl) mEXSEQ D

hnoary iffit leﬁﬁib(tSE@dét@ctme bbyckirfg actlvxtjaatg@gcma@gn%@hog[g jagout 1

{
oM b asselebng sk 10 25EBbE S us ARG B ou Lyt
about {#00.-AM aﬁbcﬁmgﬁs aRoIEibAdiBF the iBRetiGTbEldhgdn, IgG

i nventive anti bodi es bl ock the binding between BDNF
isotype, e.g., the IgG1, IgG2a or IgG2b isotype.

In another aspect, the present invention provides monoclonal antibodies with

any of the properties from above that further bind and/or activate mouse TrkB (SEQ
ID NO:2). In certain embodiments, these antibodies bind and/or activate mouse TrkB
(SEQ ID NO:2) with an EDs; in the range of about 10 pM to about 500 nM, for
example in the range of about 10 pM to about 1 nM,, including in the range of about
10 pM to about 500 pM and the range of about 10 pM to about 100 pM.

In another aspect, the present invention provides monoclonal antibodies with
any of the properties from above that further bind one or more specific epitopes of
human TrkB (SEQ ID NO:1) and optionally one or more specific epitopes of mouse
TtkB (SEQ ID NO:2). In certain embodiments, these antibodies bind one or both
epitopes of human TrkB with the sequences KNEYGKD (SEQ ID NO:7, amino acids
364 to 370 of SEQ ID NO:1) and KGNPKP (SEQ ID NO:8, amino acids 308 to 313



and human TricB (SEQID NGO 1) wth an IC50 in the
range of about 100 pMto about 500 nM for exanple in

wo b@monsiige of about 100 pMto about 1 nM or aPOUUSDH0E021878

10

15

20

25

30

pMto about 500 pM In other enbodi nents these
ant i bodi es do not bl ock the binding between BDNF and
human TrkB (SEQ I D NO. 1). As defined herein,

DL S RO T B LI B B oo
%g Histo? nitfis eHER hhl e fqaertce s ENET GH DL ()‘SEQ ID NO 7, amino acids
o R S AR o 31
@g |S§ﬁgfl?§%am tl'ln% i‘n%o&i@r?en?sn{Hqu%eﬁfm%&ntfdﬂeprbﬁ&%ti%ﬁdles

|tH4s30nd SPéPiPe of Humamtffl&? with p}m:sequmme Emle‘é@ED (SEQ ID NO:10,

v pOdRE0 B 5 h S TRb 9 ALY QHORAD 1 FRifoRs ) hpfen TricB
ac"tﬁ ga%ts%%@%' ?.hcﬁlk\% & THROP1 2minbRcid§ b 2kd1226 of SEQ ID

ese a odi es bind and/or activate
fNOSB Tt ke émlinaw\mge antibohieanlsegbbnl 4orepitape p%mgéseo??rkB with

S assine SN RS S e P TR R gy oo

of abollﬂt e@ hdriR @:@Qh’é et RiVeafich pxbeldkﬁhgﬁldbfrnahkmltproduce
10 th out 10% ]IDn anot her aspect, the

pres
| yartios pmovlotenibadiet. haixaRplenBTES TS L B gaposited

g%ﬁ&‘@ﬁs‘ GAMREERYE ol Rhve'teEd Bten AL By Acposi
1d)1£&f13TAé69¢81 €1 701 liyendPFAe654Di(29RP) dropewided. nouse

Trlc IDNO2). In certain enbodl nt s
ant i boép Sélﬁ aFoHher é%cbpheﬁg@q@n@ﬁvqrgwgspr% wﬂg%oo?qqggantlbodles

%p%rg Bg%%%ﬁ%@%ﬁygﬁ%ﬁ%%hgﬁg&K%&Qe% Zwtgatﬁb RF\I;OGE bl A ugust

ans 00sandhaditeh (gn&ihMC(‘BE@eleQN@sm_giemgnan@msePTA-6948 (17D11)
enbodj nent e ant i.badi al so _bi nd..one
P BEASIEP (RlaDercrpeavelD: e R Sudhiniah SRyl ageppdics
R@%ﬁg & g%rﬂlﬁkﬁn%of %sé”e@ﬁlbb&’ie?ﬂ& @brefERshdse W sdimedigting

B 9, amno acids 308 to 313 of SEQ ID
Nepipe ohrhun*tahél?rkEr(SEQlIEéﬁ@sl) the present invention
provi des anti bodi es that bind an epitope of human TrkB
with the sequence ENLVGED (SEQ I D NG 10, am no aci ds
269 t OP%rﬁorﬁg@zdﬁacl&%ﬂc)mﬂﬁde@Dﬁd bytaidomaan epi t ope
of human TrkB with the sequence

ani no Eds tisbeowndersioarithatdhe g@@qlgla(fgrﬁ)tlboc{ies o?tfxe 1nvent10n dan be

prepared by any known method. For example, they can be prepared using synthetic,

recombinant or hybridoma technology (e.g., as described in Antibodies: A Laboratory
Manual, Ed. by E. Harlow and D. Lane, Cold Spring Harbor Laboratory Press, 1988
or Monoclonal Antibodies: Principles and Practice by J.W. Goding, Academic Press,
1996). In particular it will be appreciated that the inventive antibodies can be
prepared by initially immunizing an animal with human TrkB or a derivative thereof
(e.g., a recombinant protein that includes the extracellular domain of human TrkB)
and then preparing monoclonals from suitably prepared hybridomas.

In one aspect, the monoclonal antibodies of the present invention are prepared

10



NO 1). In one enbodi nent, these antibodies al so bind
an epitope of nouse TrkB with the sequence ENLVGED

W@ 3BQ18ID6NO. 10, amino acids 269 to 275 of SEQ@ADUS2006/021878
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NO 2). In yet another aspect, the present invention
provi des hybridomas that produce any of these
nmonocl onal anti bodi es. For exanpl e, hybridomas that

b\,\g;tgn depo ?‘Igri Cl%gﬁi\,\{lﬁ\gﬂ%g c{‘g&t@ﬁ% 3 geﬁafg‘ ?’Vt%%géts??hgw&%emat are
g?r \ie? W roloin @Sl ROk el 2000 BkamipEe, ﬂreqmndﬁﬂ)geﬂsnnay

anot er aspect, the pr esent inventi on rovid

fenme lacfirad mﬁimunogexdtmswahéftrl\@d dropt bm}%% 4, secon

hybri domas t hat dep05| ted Wi

mgmupegss that §vas éi\t;gv 35 f e t %&r 8 nﬁﬁﬂl‘ﬂ%éens
5! :a0add @l@ %XP a—e%ilﬁ% aoﬁnélﬁaf THB; ahdcdi’fﬁih ﬁﬁh@il(nzﬁ@'ﬁ)q at least
respectively. The present jnvention also provides

and irmdnegens hmcomhmd astienpiwe (O drs LS8 PP Bodi es
and t lger efgr %rltetl%t}ﬁﬁ}fo%%esp ﬁrﬂfﬂuﬁo%e%@ lid Q%o&ﬁldﬁﬁﬂﬁﬂtem

TrkB eparati on nmonocl onal

Ak iRAdlies ﬂmefﬁ)k@awblﬂar(ﬂ@m (BCD)softhonrtae TukBe e &6 phgman
el ol cant Lot st oL, Lhe VG 80 B i
Rgﬁﬁﬁ@?%t &*&J{H‘% SOBNODin! qabeamnk%cdayﬁdsn NomaP - 006171).

as ‘described i Antibodi es:
W@t’h@t gt yrokdin aad nudleic abig sequeHaed thel aaparesent @g ﬁgthe@}n(g date in

02 B RIS g P g

’%?éaﬁll @pﬁrﬁ%ﬂ?&em%?%@ﬁeren'cé‘ (iBdloding lﬂ’h&fout limiwkdion the sequences of

apprecrate he i nventive antibodi es_ can S
nhepareitordyns, pigt, NGFBPWHLUNL A, AY 4R ) n,é"ﬁle\ﬁ;ctoﬂ pRogen is
TrkBo aderlv e er TrkB.
FHEUn n?rﬁé)trotle Fi%tdg%lu& etﬁé; E:( tgagzg grliir cf?orﬁﬁﬁ g%ng 6i3fnur1ne T
hpEnCD ok Blure drrk B @9 lcqiised ofigmimoreoid msudu@ €3 429 from the

e 3, U e U3 S0 300 0 cosion
plg(é% ?&%}/ "lﬁmt Q%flé’d IVRE LAQR A %ﬁ%&%ltﬁﬁ%uﬂﬂbl@ gn@linogens that

I N rnmunogens that are derived from
1hklﬁd@ﬂ@§@dmalﬁ§ cati bef Ia‘epmed sypeg stesdarEeacombinapt wchnalesy (6-g.»

|nnunogens de i.rst

asseiRreigce! p‘ {cq Ehz ]fE, élé%%‘%%%%@é&%&% %ons New

m’??irkdw g8 gﬁ(ﬁﬁ%@‘ecﬂ% Aing: A LLBBardry dienabEy. Byttambrook et
i munogens each include the extracel |l ul ar dom% of

Talk Bold Spibey Haibor Bresedllaiaview, Nie 1989, feeqntents o which are

incorporated herein by reference).
In certain embodiments, the first and second immunogens are administered in

a ratio (by weight) that is greater than about 1. For example, the ratio may be about 2,
3,4,5,6,7,8,9, 10 or more. Inone embodiment the ratio is greater than about 5. In
one embodiment the ratio is about 10. In one embodiment the first and second
immunogens are administered simultaneously as a mixture.

In one embodiment, one or both immunogens include versions of their
respective extracellular domains that differ slightly from the naturally-occurring

domains. For example, amino acids at the N- or C-terminus of the extracellular

11



two i rmunogens are conbined as a mXxture for
| mmuni zation purposes. In one enbodiment, the first of

W@ b@sa3ilgrunogens i s a reconbi nant protein t haPCT/US2006/021878
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i ncludes the extracellular domain (ECD) of human
Tr1cB. The ECD of human TrkB is conprised of am no
acid residues C32-H430 fromthe full length protein

ch is,set. f.orth .
L e R iR A1 B b Gah T\ i Wit paturally-
PERUBIYE BRGEnAE &lagite ra@htdd S BepfeaBlg Shdsh atutations presmetrvaive
of the filing date in the GenBank, Sw SﬁProt .EMBL

cababses. df 4 he gndrsptopd; et tese napanatuBlly ogetipg Yersigng should
1?.1{1@ g_ﬁ ﬁ&&% Sloflel% i fﬁtqﬁéés? 95d4n gﬂef@éﬂﬂg ai"le‘éﬁ%%, more

e Se énces neuf ot r opht ns, g.
N@Eferﬁipp\lﬁt ledt 93%, M- preibmb)y at Téwst 280 end evmmnmg:&eferably at

es@wtagéiéﬂ%ama BRI G 1LY AR AP QERNG 1 o

%QEIQZ% Is conprised of am no acid residues
fromthe full Iengthcgroteln (which is set’

forth BsceS8EQ dnibadinents,théfigst andor epmbinkmppagsss flopotNpelude

<Pt Aghe PR ARBBANS Tt Reei T el B Ho e bR

PfSP aﬂheyl & ﬁbﬂﬁcl&&@ﬂﬁaﬁxﬁné e608HaN@e folrRidhtehagymbeng and/or
see Protocols in Ml ecul ar Biology Ed. by Ausubel et

aintraccibﬂm dpaing of TSER), Ingeviivsmbodipyents; daoingppnogens may

LT O - s Ay g, B in

t mwmt@m Sn@ﬁrtibhlae hemiiaali antios paidainag ba edée&nohycrease
reference) In certain enpodi nents, the {:I rst and

s@éﬂi?ﬁélq O ROBEFED AR TR AS F EPREAYGROS OF tegeiphysed for
v\@)%l : rmy t m% cgﬁ&?taﬁﬁné 5@&‘ @g‘i&%ﬁfts tiaat aE%b&liﬁﬂ&lrﬁhe bitRein

4, or nore.
| allopen mapbel aalrmdtto ﬂhaeammb |aod/ms cagb@afd earnnmgmfémombmant

Ieg{g)g%ﬁ,rég,n?t%g%g;e I Py h§; aéglé ge{oaae?er?ﬁﬁﬂ, izat ner Ofdase the solubility

agpinR irsdoaitishn® hildthé ﬁ‘@éﬁ#ﬁéﬂln@@as@ thy s?ﬁibili@ ofltle @fBunogens, fusion
enbodi nent, one or I mmunogens i ncl ude ver si ons of

t M@tlhrannmsqj@gql pinteinor AdjvEant ghrsier BrobRinRic. t fdrotgplytie eleavage site

omt nat r al r
o e atroh B bl RRGHR b4 e REG ARl a0 TR RE e
e xdchabel aht hratiko teRinthuday efbldieadivalgof the ic&fedatgmeﬂt)aftar the
few am no acids wthin the naturallyoccurrin Tence

ESPOBBNL DL b bepe PHBH RS Bl HEOR R
C e ARbA Sted in recombinant technology are described in Current Protocols in

Molecular Biology Ed. by Ausubel et al., John Wiley & Sons, New York, NY, 1989
and Molecular Cloning: A Laboratory Manual Ed. by Sambrook et al., Cold Spring
Harbor Press, Plainview, NY, 1989.

In one embodiment, the first and second immunogens have the same

composition as the two immunogens that are described in the Examples and that were
obtained from R&D systems, Inc. (Cat. No. 397-TR/CF and 1494-TB/CF,
respectively).

In certain embodiments, the first immunogen is as described above but the

12



substitutions. It is to be understood that these
non-naturally occurring versions should include an

w@pioen3Hed d sequence that is at | east 95% prePEr/akiog6/021878
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at | east 96% nore preferably at | east 97% yet nore
preferably at |east 98% and even nore preferably at
| east 99% i dentical to the extracellul ar domains that

d E '
o AT LR R st AR R e T
LigslstRMhafimirhie (a8, f0, aatids, ltabhit eacr)E TlmJE@Dcnftrstl T&RB is
the extracel | ul ar dorml n of Trk

enshprired oh i ¢ TS @ HFARP Bonbs du Jength Brotein (which is st
UE RS Et%'aﬁlq]ﬁﬂg‘go@g% o S&”G 36 W REss AR 9P Qf36§6 B)The ECD of

In ce nnunogens may T ncl ude one
ochictaenel kBrisrcoraprisediof emérg atsd tespinesa€32-d¥88 fitonf therfuli temgth

tn gt%o?ﬁflﬁ lél ]%?q?%{ %f@ﬂ’o@%@i\ﬁig g ig ig,l (ﬁ%ﬁeaggg%ccewon No.

expeRaEgn of the reconbi nant protein, as a

consequerice of the vector used for expression, etc. In

addl t i Onge suifahls lm@ogetg;d‘@wc beartprepaie® thpRmunggenrieected
tein alle ed to t /Qr
Clif e Wil BT Pt B bfeas BRSO pne

F aeBodiffenPHE ihitAbleB ard iafeeled ihtormide heddscribed mabs Ekdimples

i ncrease the solubility of the reconbi nlant allerg

t Bgrsexample, ithrcinuagrosepedrs inipgted supcBpneaysly; fmﬁiuﬂfé@@ﬁ%oneally with
f g%'{lglgtevﬁ‘&!&fg %djﬂ\r/a%'tt af £l Bl Jﬁnﬂént@cgalz‘l){ Qtﬁha? E’thje@tred
'R, 8tc. pro

. eol yti ¢ cleavage sl
| pubcathueqslyadt miildple différentsitos. ]:nhhlsa;téqbetheamqmbmmit @roteins may

segnent_ and t he reconbj nant otein termnu to enab
r &t &l lngﬂu@%n%lﬁ’&gﬁutsf%}i*@ ﬁ?g‘%’??aé‘Pnt tepnadly 1101 lmmune

pfé%}bn@ﬂs@ nbaﬁléoﬁﬁﬂecﬁ) Wihd }e8GmbRRRPrBREhs a8l jbme@qm Rdjuvant carrier

ter I cati ons used i n reconbi nant technol o
apmteﬂesmlch bebovine @mmetiunEnot Seydiote impidieameyamn (KL% The

Bi ol o ubel . et .al e Ne
YHPW“ f@é\é'egﬁ TR T ! l&ﬂsgj %8]:\/\{) cﬁ% g r]tg)ray "
'VEfb‘d@ﬂenﬁﬂled Q%eﬁﬂl&hﬁ@&ﬁorﬁﬁngﬁbne or@ad1@ bopstemnighriratiBatons and the
Press, Pl ainview, 989. In one enbodi nent, the

f anignalsard bb@lcr@rmdncnhlm nt@kf@mnk@v@ qeH@INs RO B ARSI 0B 0TS

T

( Eéth andNéhe @87 (andRbfiforallg tHdBdeniBitmunogen is then optlonally assessed
to confirm that a suitable titer of antibodies has been raised.

Monoclonal antibodies that are specific for one or both of the immunogens
may be prepared by any standard method. For example, the technique of Kohler and
Milstein, Eur. J. Immunol. 6:511, 1976 and improvements thereto may be used.
Briefly, these methods generally involve the preparation of immortal cell lines
capable of producing antibodies having the desired specificity. Such cell lines may be
produced, for example, from spleen cells obtained from one or more animals
immunized as described above. The spleen cells are then immortalized by, for
example, fusion with a myeloma cell fusion partner, preferably one that is syngeneic

with the immunized animal. In certain embodiments animals with suitable sera are

13



respectively). In certain enbodinents, the first
i mmunogen i s as descri bed above but thesecond

w0 povanssggen i ncl udes the extracel | ular domai n (ECDySineom1878
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a non-human TrkB speci es other than nurine (e.g., rat,
chi cken, rabbit, etc.). The ECD of rat TrkB is
conprised of amno acid residues C32-H429 fromthe

nostec Sy bl tistinov i e RS Sore fRagtn Yptete g shleen
%%g&é&ie G&RBvell kBvinset§ 0P RIsionaecipiquesing baeimplowdi Foesxample,

-T428 fromthe full length protein 'ﬁl\i\gi ch i.s set
ftlo srAceascetiEand myrlome qels miag be ambined yihia perieis dgfreaqpt for a

F‘@g‘iﬁg@ a{xcﬁg}%ﬁ ﬁ%ﬁé& A8 di(’/mrb?ljgae&%cgw heBRE that fupgorts the

hogens are’injected 1nto any of
Vir6hRthviTHyBEid collls, di e Insye{@m@cellsniAcertairagedsction dvhnisue uses

S aelG oo En! ot el TNO0S, BEE, LIk S
F@?algﬂg%ﬂpg%]i; V\%EES, !cgﬁﬁfég 8AnyHHRE UtanReHREY SHMk colonies are
i ntraperi 1y Wt

tonea conplete Freund's adjuvant. In
cetet i mné tixddduliars sipematintsdedterhfor binding assivisy against the first (and

subcut aneousl I multiple. different sites. In this
sﬁpé’ﬁ,nalgh eF%@éﬁ&%H’?‘_’%ﬁ&f g?sr‘fg{)ﬁg@quvé"r ve as i munogens
Wi t houof41608 bntiBsdidsi tRA! hediBolattll iR el supdntatasits of growing
superior inmune response may be elicited if the

rigbodbinazntongeso e pddition aajignsiedniqgies may desmmieyeddp epignce the

pr.ot.ei n. such _as Vi hLm . :

et h R BshafiR o g b TR D (@ e @iy g

i fHitable Rertaih@aiost) esch, asprefriiea NMynabant aititgdies nzay then be
predet er mi ned schedul.e incorpaorating one or re

Dot fromiha BaTSGHSA ah e OHD a1 GRATBIRZRtS Ty dif removed from the
P&i#,R8HeS g% k¥nvehfbnd %&miqtﬁes, SHbHGR rcb?drﬁatgéﬁi@%i, PefiBrati SN

o RBr e BOGSL &r T hMUNi zat | ons are adm nr s er ed _

i presipitaiaLaidyextBiti, ghebatibatnisotypesten dedateamiet eing standard
first (and optiopal the seco [ n_.is then
pedertn Ay daosseLBdnt BXERES F Thar B Lo ABY T pkpered

of LB RAsH SR 11PBSi P B8O RE BFSoty PANECH OTpT 222t I1BGYH BSing these
that are specitic for one or both of the imunogens
nagthods.pr epar ed by any standard net hod. For exanpl e,

the techni que of Kohler and MIstein, Eur. J. |nmunol.
6:51 1, 1976 and i nprovenents thereto nay be used.

Byi ef | ghatdogseai®n boaisibedrkindingy invol ve the

brepat ?nt ée?tra]\il;) gmliaorPdTirr?lrertltg,l in\cf:éanltilve lalilt?bes(’iies are characterized for their
binding activities to human TrkB (e.g., using ELISA and/or FACS as described in the
Examples). In certain embodiments binding to human TrkB proteins that are
expressed on a cell surface may also be assessed (e.g., using HEK293 cells as
described in the Examples). Preferably, inventive antibodies are also tested for their
cross-species binding activity (e.g., with the second immunogen). This allows
monoclonal antibodies that bind TrkB from both species to be identified. These
antibodies are of interest since they can be tested in animal models with the

knowledge that they can also be applied in human clinical trials.

In certain embodiments it may prove advantageous to further characterize the
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capabl e of producing anti bodi es having the desired
specificity. Such cell |ines may be produced, for
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ani mal s i muni zed as descri bed above. The spleen cells
are then imortalized by, for exanple, fusion with a
nmyel oma cell fusion partner, preferably one that is

S . . . . o ' Al
o ARGyt el T Aoy T i onp a2
otompstitionhiansry (wigt, lan HES A) tosdetamiitcowhatberdhel antibrodizs ddork the
before. th een |ls are repoved. A variety of .. .

F B oPaE TRk q 408 Y5006 g arodssces WhEbas e dnbagies bind
S bR 8GR THEB aRbolMph A RLAC HLORY be conbined with a
noni oni ¢ detergent for a few mnutes and then pl ated

at | owMbepingtof tharelative atdhddydinding epiiapeson dugp Grusan dy@ther)

r owm f hybrid cells, but.no |. cell s, . . .
By i ReaPLRLah S oo B los HARRTT GEh R amtibody
aBioeRBE $d BindinBWiothen 8atitoeies &8 TEB. PirteRbmdles tHefdbeérefion that
time, ysuaIIY about 1 to 2 weeks, colonies of hybrids
akwo anthediss dlockieaeh ethes bintling suggesisdhessatibedies Papbind to the

U PLEFFREL B RS ol 0L et

i mmunogen as descri bed bel ow. Monocl onal anti bodi es
may be jsolated fromthe sypernatants of grow ng
hfbr i d6REr €Y GRIIFEY H08AUMIF R vari ous techni ques

may  bepeil 8y &b AmERR 3RGEtHRENHb&Hi&S ars UEdta@8rized for their
T the hybrid (NI e

injection o oma ce [ [

Ine into th
p &urictiomed abilityato aofivate hameniTridBl Any egomibirastay thagbs usedc The

as,_a ri.ne... Monocl onal .ant.i bodi es t hen be .
BBl 4O B AL Ry BERR s Fibhet BFgtovm to slectively
Casplraehi B8 h&ivaiByn BETHETOVES dutcpRobiRrAafiord@E. &6 ddasured by
conventi onal techniques, such as_ chromatography, gel

f iWesteae blow), capradsei bhsiused ponmaadrest FkBaciimatiothe ant i body

I sotyp .m ned ' . .
oL D8RRV o ASITMIGY e 2B ORI g i
hanttbdiesean 8e aseard fin an Mgy that andbiveociddgehwisaniBrig.gt, én human
i sotypes Ig t hese net hods.

d., 1g&xa and 1 g&b, usi ng 3.
CRarakleEPmAAYY Bhodls) afte ﬂ%aye%m@? RgapRlegetiph pssays test for the
D R e T e
udiffegerfate8Aeha lbwikNDiirg ge.do sanmbeithdrawalhiejuExariplcedsin

{ Eg@gtil}rglnps tﬁgggs%l-c[éggrtl en‘P éf?gcltsnogf thg i&%&%‘e a-lr-lrtili(:)gdi%;g grtl Seutite growth
and/or cell viability are measured.

In certain embodiments the purified monoclonal antibodies are also
characterized for their functional ability to activate non-human TrkB (e.g., murine,
rat, chicken, rabbit, etc.). The Examples describe an assay in which the antibodies
were tested in rat cerebellar granule neuron (CGN) cultures for activity against the
endogenous rat TrkB receptor. As with the human cells a neurite outgrowth assay and
a neuroprotection assay can be performed. Other useful assays are known in the art
and will be recognized by those skilled in the art.

In yet other embodiments and as described in the Examples, the purified
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expressed on a cell surface may al so be assessed
(e.g., using HEK293 cells as described in the
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tested for their cross-species binding activity (e.g.,
with the second i nmunogen). This all ows nonocl onal
anti bodi es that bind Tr kB from both species to be

identified. bodi es .are nt
H’xé)g;o%lgﬂael émp%cﬁes 'cgg %#he flct%%agl%ér H\P\n ir ?ﬁl‘fcﬁloniln %\Iﬁg (50 activate

th@&aﬁmgygg@ﬂoﬁrﬁmlbe applied in human clinica

trials. In certain enbodinents it may prove

advant ageous to further characterize thebinding

POper Hu%an?gedaﬁélv%e}é% pRggLoNal antibody. In

part cular may use a conpetition assay (e.g., an

ELI SA) Witendesirgr an ineentive atvébodytfer thatapbaih mspddes ciknaywove

interaction of TrkB and, BDNF. One 0 Sess...

VAR i P BB RZE PPy e OF (RGP aRG pL interes t
Be dHK t@ﬁtmﬂrﬁﬁ%un%%m Recthn. TH %eﬂie%lahlhrhﬁu%ﬂ ddRd¥ered

b| I Nng "'epl topes on human or other) may al so be

c enthliesdningmie unwnteck ammunnlgglcnlefemmt gt lohit geecdyration and
vi dual ti bod n b|OCkI t he Dbi ndj of. qt

Airbahes of dortigtc pta i Sob MmabaLhiouf muiRk,

t Witk bodi es bl ock each ot her s binding suggests

these anti bodies nay bind to the sane _epitope or

over | agphembesi msphoss dor premeasingdumaenized anidbqdies ogprighg an

ant i |

Ay B AURE pbidn G Gl AR R Bpd} RN Beseribed in
alﬁhd art. yIntpartaﬁjlarVa&itﬁoﬂhlaﬁmﬂtth&ﬁt vésablagpgitins tand tedryassayated

be used. The Exanp| es describe an e lary luciferase
a§§wlemf>&farwér§et5€@ﬁn)£ws&mn% Rp)duss %ﬂ%ﬂéﬁf”é%@ﬁtdomws have

agLLy s éio(% @ﬁvm’fg? K lag”lxaggggg 593 Yioat i E@Sbligﬁogat al., Proc.

as neasure tern bl ot so be used as a
nMMaezdoﬂczTURB%xéﬂB@d@%ﬂShaN tte. nétfrmrelnyl dB8:4534, 1987; and

PR el T PO il e
Ly DT 40, R st

t @gnstar@ nionmn iz see Rieshmene pt & Mated 282319881 Yerhoeyen et al
MRl oAl P01 Oz bl IR EARCN AN, é’éi’la!sy(é’fw%) and rodent CDRs

ren owng 1 n

Wshﬁpﬂ’r@%y redymbiyantlylveneéd midenteFRdighiveaizo et éescrlbed (e.g., see
dose- dependent effects of the inventive anti bodies on

n&kQ PaterfrRye No. 519,596).

Completely human antibodies are particularly desirable for therapeutic

treatment of human patients. Such antibodies can be produced using transgenic mice
that are incapable of expressing endogenous immunoglobulin heavy and light chains
genes, but which can express human heavy and light chain genes (e.g., see Lonberg
and Huszar Int. Rev. Immunol, 13:65-93, 1995 and U.S. Patent Nos. 5,545,806;
5,569,825; 5,625,126; 5,633,425; and 5,661,016).

Veneered versions of the inventive antibodies may also be used in the methods
of the present invention. The process of veneering involves selectively replacing FR

residues from, e.g., a murine heavy or light chain variable region, with human FR
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and/or cell viability are nmeasured. In certain
enbodi nents the purified nonocl onal antibodies are
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activate non-human TrkB (e.g., murine, rat, chicken,
rabbit, etc.). The Exanpl es describe an assay in which
the anti bodies were tested in rat cerebellar granule

neur on I i Vi i . . .
AR S B HER Lo e o hod B marng ppcin
awhidl retatnsGubgatisllly afissahe witide FRNEuteirpfodding tirgitues 3ayicering
can_be perforned. O her useful assays. are known in the

he,
atachpiques41e basse andbeBrAcrirndig thalee 2aiedr teripg characteristics of
a . . 0 .
25t PRI R0 B bl e
f dispbsitiorc bistha bt®ryi anddightchaih€DR fetawithiorilxd ardigehiassociation

acti.vate hu TrkA and/or, TrkC. . 5. Hupani d .

" SHEE B eants Dotrse ndr devrostenIeher (&g i dgtieen
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use a hunmani zed or veneered version of the anti od‘%éof

i D% steuctures, theivingeragiipnpyathegach ather andisdnieeactien pitndhe rest of
I eneral_, .h ni.z Ol red.. [ i 1 Ni.ni .
B i T R A e R L T S
dgxiatibofe. Al vehi-eedchbMEID LR réidueh ehaibheirt readipphicuateralisy the
of non-human anti badi es i n hunan recipients. A nunber
ofMmERe BYRiem gre slesHuely meplaradainduinanesidessite grovide a hybrid

c I
R ARl ARl 2R BBl R bR,
panmiuaogemic veneticBcsdife®. wi t h rodent vari abl e regi ons

and their associated conpl enentarity-determ ning

regions (CDRs) fused to human constant domai ns have

bgen desLld_Beb, LRrkbdiessee Wnter et al., Nature

349: 293, "1991; Lobuglio et al., Proc. Nat. Acad. ScL

USA 86Sukochairo@8ibodisavarcalsabe prepared hrased win. the Bentb@gntibodies.

1987; B al . . Res, 47.3577, 1987). ..
REAL PR Sy Ehm et R Lt B ettt o or
r egdrple (EGbhdiret 8F, 4. MIBMEwY. \8b1 BSRDERBO, 1990] ALER SItEIRin,
anti body constant donmai n ée.g., see Ri echmann et al

N&wtee Rp322:353:520096; Syeqifiogypttiods eremdescritisgiip feeeExamples. The
gglglglgegcéém Jr%%g'gy NP 8RRSEF oAhun DR LS to3ge]1é§a%@muﬂt§1§@1t

antibodies having specificities for different epitopes of human TrkB.

7. Pharmaceutical compositions

Monoclonal antibodies of the invention may be administered neat in order to
activate TrkB in accordance with the present invention. More commonly, however,
they are administered in the context of a pharmaceutical composition, that contains a
therapeutically effective amount of one or more antibodies together with one or more
other ingredients known to those skilled in the art for formulating pharmaceutical
compositions.

As used herein, the terms “pharmaceutically effective amount” or

“therapeutically effective amount” mean the total amount of each active ingredient of
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supported by reconbi nantly veneered rodent FRs have

al so been described (e.g., see EPO Patent Pub. No.
wG1®s888%4 Conpl etely human anti bodi es are pareCTUSZ06/§21878

desirable for therapeutic treatnent of human patients.

Such anti bodi es can be produced using transgenic mce

that are incapabl e of expressing endogenous
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A@B‘muﬁ%ﬁs reﬁirﬁ&pﬁrﬂdeé% 48 or iln%?@aloseg_ BiAS th@BSUrESY a day or week.
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h iDretiméry ebyatre: astzozhiusoo ip cottan einbodinenGhR asgraclml infasion (e.g., by
their.inter . th _each ot her and th
| e B s Heeal SRR BPF abmare highes foses (e, 2,3
15 d@ma o hﬁ’g}ﬁr)crﬁﬁ}eﬁélbdrb(m[@éréﬁ RINEN- foRywéS by end 6N@6Fe 16Ger
t echni ques, ‘exterior (e.g., solvent-accessible) FR

r omiiencoAdssh dhe hlgbaldfﬁqsy(Sbm@m baedmistpipdah thejopselpd treatment
S%g{yeo?éﬂ?gh% b%gin% \f%lagh rgaQJ[ngﬁttc?/cf@ tﬂe&uﬁgasggeg %%lg UGS oftlr

&0l conprises e

W@@é@g\é levRTUREde ateCfor ﬁftra$ﬂhﬁ1§ antnt@apérytonex ladfinmnsimnc The skilled
veneer ed surface. | e-chaj n anti bodi es

c ensAn 3 resedy be abls ffo QP@BmB@ ﬂt?r@é%&%‘&"ﬂ%xé"@&“@‘i‘? Foreitferent
20 an(ifllﬁgbf ¥ 1?1&&%?&9 ﬁ%gll Q1 éﬁ%h at ain eH&Jale ’d‘%}?ﬂsﬂse ?ose used

ody can be en eere escrl
exdlpkas d€eintihed by thegirescribimg. pthmiAn arjd wilt dei33d: 126 8rlg @n the
1%\/96?ght o? %e%ﬁi)jtegtrdnd%tia Toute of administration, but also on the age of the subject
and the severity of the symptoms.
Additional ingredients useful in preparing pharmaceutical compositions in
25  accordance with the present invention include, for example, carriers (e.g., in liquid or
solid form), flavoring agents, lubricants, solubilizers, suspending agents, fillers,
glidants, compression aids, binders, tablet-disintegrating agents, encapsulating
materials, emulsifiers, buffers, preservatives, sweeteners, thickening agents, coloring
agents, viscosity regulators, stabilizers or osmo-regulators, or combinations thereof.
30 Liquid pharmaceutical compositions preferably contain one or more

monoclonal antibodies of the invention and one or more liquid carriers to form
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Cancer Res. 2:245-52, 1996. Specific nmethods are
described in the Exanples. The single-chain antibody
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mul tival ent anti bodi es having specificities for
different epitopes of human TrkB. 7. Pharnmaceuti cal
conposi ti ons Mnocl onal antibodies of the invention
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al one, the ter s to that ingredient alone.. Wen .
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ingredients that result in the therapeutlc ef f ect

V\,h@d areghia 6. rifos pereateralradovnistvation the carsier ¢zl dlsp oy an oily ester

|t u n.Gertain e
R o R St P B N Pt B s
acovaplditiortt@ag bt halopénataltgirctartRag vt oﬂeﬁgﬁ@m@&iﬁbalkﬂé&eptable
ng/ kg, _body wei ght, or about 1 to about 500 ng/ kg body

werapetanti n certain enbodi nents about 10 to about 300

g/ kg Rogy PM@émchOc% ogﬁ%np eﬁggﬂelg | Shian drﬂ] aog QZDTB solid

singl e reginen or ‘as a cont i nuous I 'nen
t vanriors, anat eptibasidsomyv@rmoketien addidved suah daﬁamrlments

Liver .be as a bglus or ce n enbodi e
adbricgnS, ST, SysBrdeg @gentsofzﬂﬁlﬁj GinisnCogmBiessgn aids, binders
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polyvinylpyrrolidine, low melting waxes or ion exchange resins, or combinations
thereof. In powder pharmaceutical compositions, the carrier is preferably a finely
divided solid which is in admixture with the finely divided active ingredient. In
tablets, the active ingredient(s) are generally mixed with a carrier having the
necessary compression properties in suitable proportions, and optionally, other
additives, and compacted into the desired shape and size.

In some embodiments of the invention, pharmaceutical compositions are
provided in unit dosage form, such as tablets or capsules. In such form, the

composition is sub-divided in unit dose containing appropriate quantities of the active
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only or at the beginning of each treatnment cycle.
These dosage | evel s and ot her dosage | evels herein are
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skilled person will readily be able to determ ne the
dosage levels required for a different route of
admnistration. It will be appreciated that, in
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f lcapsole fagma fesamse cases sadioumidesagsis & thempeutisailngffective amount.
agents, colors, viscosity regulators, stabilizers or
osno-regul ators, or conbinations thereof. If the

| i8qui d Orherphapibeenticsl dgekrended for pediatric use, it

is generally desjrable to avoid inc]usion. of, alcohol. .
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oidisgases) which require TrkB activity.

For example, other pharmaceutical agents that can modulate TrkB activity
may be used in combination with the monoclonal antibodies of the invention,
including other activators of TrkB. U.S. Patent Nos. 5,770,577; 6,077,829; 6,723,701
and 6,800,607 (each incorporated herein by reference in their entirety) describe
BDNF derivatives and compositions that may be useful in accordance with the

practice of the present invention.
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such as ethyl ol eate and isopropyl nyristate. The
liquid carrier for pressurized conpositions can be
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accept abl e propellant. Solid pharnmaceuti cal
conpositions preferably contain one or nore solid
carriers, and optionally one or nmore other additives
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form the conposition is sub-divided in unit dose
cént ai dhegpepproesi ate quantities of the

activein redle The .uni.t dosa oL B, ca

P ackaoOREFBBS: T BHive uPOus S PA%ELtoR BPRN S Biops (ncluding
Vis@inpronRTRIRHHIeS, omlgeafsési) mrﬁaéqm&gmv@ﬁorﬁmm Such methods
containing |iquids. The unit dosage form can be, for

exzipbtecadministeping adheppausipalbt effectue pmownt qfione gpmsee wentive

aggﬁg&ﬁ}ﬁ*&}g %enlﬁm%uapf Hiain' %b ﬂﬂaﬁé Iﬂtlé 1‘?1(}§nt dﬂl Sﬁ%l%@ﬁ%ethods

rese n I nve
p e ey hewalo gwalrcxﬁﬁinﬁdlﬁn Forexaniple, dad ag&loﬁolﬁmitﬁﬁxrn inventive

activating TrkB, where the conpqsition contai
t ABbgseesNaEbg ‘}ﬁeéft? Beatiigdvidupls Vabaraves Séfﬁteméiétﬁ*aé Reen

i tﬁ:ld%g%oﬁﬁt LH?&% Qéneiig 1h VESH nabofis dNA8ses klhél'nﬁ\‘ij tion,

ogni ze, e cértaln therapeutlca
e fifadighant duron, toﬂ@dnlgeetw Speouiﬂcp@rmh;des inblederstrdlwg spuﬁal cord
i resent, i nvention,al so

© Bk, et Bl Por o dpeeragh ang axctoms! The fiventve

antibodies may also be used to treat disorders such as attention-deficit hyperactivity
disorder (ADHD), depression and age-associated mental impairment (i.e., by
providing cognitive enhancement). The inventive antibodies may also be used to treat
congenital or neurodegenerative conditions including Alzheimer’s disease,
Parkinson’s disease, Huntington’s chorea, amyotrophic lateral sclerosis (ALS) and
conditions related to these. The benefits of TrkB activation in treating non-
neurological diseases such as cancer and diabetes has also been described and the

inventive antibodies may therefore find utility in such contexts (e.g., U.S. Patent Nos.
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nonocl onal anti bodi es of the invention to an
i ndi vidual being treated for a condition which
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t herapeuti c package contains one or nore unit dosages

of at |east one inventive nonocl onal antibody, a
container containing the one or nore unit dosages, and

| | ' 609 ab 26 fi f

| BO31RA % EOLDP ALERL R Rk 05 RPRK RRah £ reting e
t aid éiabetes, eagpsetivelyhorm I n some cases, each unit

dosage_is a therapeutically effectijve amount. 8.. .
Ot her pﬂgg methads iogg]ls %gmoglya/&% E@?@itjﬂbtr?aémgﬁﬂe fﬂ'réété%tg described

| QYR hQRuRROGHIARA TRy hﬁgdﬁs%soeqfﬁﬂze& fdreRtnh S appBiYations,
be adm nistered alone to nodul ate TrkB activity.

Apsrticnlatly wedlyding eandire dnddidliessappligativas a dfdesired, dheaethads herein
conbi nat,i on Wit whet.her si nul t aneousl. r_ . .
S Sl e od bR S AL, Sicles SERE Rk, Brcine angsqpine

ugpkds in the treatnment, prevention or anelioration of
one or _nore other condjtions (including synptons, = |
di sor dénventive mgthodaiwelvedelivary of yeridvernripcienal gtikpdies via

F : AU

PP LSt A BT S fbEBlng PRE R Bmb 0 bor il

t hﬁrmm?l '@piﬂal, aaliag,h?iﬂil(ﬁghmlﬁng lh,&ghl{m eublﬁl\rlggual)js nec;ﬂ;ll(;dn'so%tger
ther activators of TrlcB. U S ent. Nos. 5, ;

6 M. pcacgreh g SbOdies Misy B0 R RIS LD
MRl ¥udSh&l, POSEY, Iof chiRlfed8BbAdRIeiverdesCr i be BDNF

h
derivatives and conpositions that may bé useful in
accor démcetai tibodimepisatbe iagébasfiestane fqymedased for delivery by

i nvention. Addi tional ly or, al.ternativel t he .

BB A SR SRS REnt s IS ERGN T osh Kom SRaPls, nfyapavernous,
ot kiffveRNA! IRGakclgiintagambied NatratBb @l Us@dvehtrichldr Ni@traurethral,
treatnent, prevention or anelioration of neurol ogical

dinststienad, inhacranisle infeauseyiarce spbquaneABD OF Hsrtysiniusia or
g‘r?lgé)cﬁ(l%lg%ﬁlpje%&{ %gﬁ{iﬁeg?ﬁg% ! ﬂ%’aﬁ:ﬁfjer ia‘iinuiﬁ?@m&l, id%tibodies of

revention o
afied inograionanayobe sleparedigidmainchiskidsaasesentiansdgopiylized
injuries to the nervo;s_systenx(e. y b¥ moﬁnd, .

s drgugtions ga EePRSItVIRG BEPT t9rRdnyiis o Witk phapgageutically

:Tgk%g{{l)ﬂet gaﬁgce ?Hﬁ{i(j)rg@ asta 19 safiﬁé(%)cﬁuﬁjd’d? Ofhe ;E% 6f Qhe,illrlijctable

e understood that any suitable agent own
t Hernad4tiomeoantbe adsidd, dsris knavmin thbesewith stpbermiaceuthcally

FF; g%c?e:pgqllgggob@, Es)ewélléﬁls?g{:tﬁgggegﬁ ’ icg gélg B%etriagge’pta%?eox}éhicles and solvents
that may be employed include Ringer's solution and U.S.P. In addition, sterile, fixed
oils are conventionally employed as a solvent or suspending medium. For this
purpose any bland fixed oil can be employed including synthetic mono- or
diglycerides. In addition, fatty acids such as oleic acid are used in the preparation of
injectables. The injectable formulations can be sterilized, for example, by filtration
through a bacterial-retaining filter, or by incorporating sterilizing agents in the form
of sterile solid compositions which can be dissolved or dispersed in sterile water or

other sterile injectable medium prior to use.
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Conmpany, Inc. at Monvale, NJ, the rel evant portions of
whi ch are incorporated herein by reference. 9.
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are useful for treating conditions (including

synptons, disorders, or diseases) which require

activation of TrkB. Such nethods involve adm nistering

a therapeutical eGhl v . r; irable t
vt PUBAE G SO AT 05 1 B gl
eglbadisdBéption fem mvientinascub oy sutestaneduisddiectiar. Delayed

B S e o A0 o
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I nj wound, surgery, Ischema, iInfection,
matiabedcapsudé seases of thelantibadytin brodegradal)e apkynegnsich as

O A o S5 AT 45080 g n e

degeRESahd PAHiBNE: PP dmplE &Y, tHavantdf\watisety leRdiecm bay
al so be used to treat disorders such as
atensreliedn Ectemplss of ptheebiadesradable nolyserg dnclydempqty(orthoesters) and

depressi on. a - i ' ' j .
GOFaD T BRI AEERE AR RAER} o 4{RAEBIETby thndbping the
aphtitAdises 1iFBsonRls 98 nllerosdeione whichodre comgatible alithdrody tissues.
neur odegenerative conditions including. Al zh

di seas&or mpkptigbiepisally fethe slin e AR C@ngﬁ gﬁ?tr@aﬁated as a
S e s S S

t eeahplog mintmeuriti ogi aerahordiof desfoBowinghmaseradanik diquidrpgtrolatum,

di petes has al so beig d?sch;bed apd the inventive d

amibiis pafrelatumy PromyienerelyeoLmolpxyehyiens, PoIY XY RIAPYIgH toppRound,

( %nﬂls_ifghjlgszva)? ﬁ{de\%t_ebb&}tén%%/%lég yand v f&@Ri14Ed as a suitable lotion
r

describe the benefits of activation for treating
c ancreamasuspeiided or dissolved ine frrieyample, a mietureeqiinsg o1 fore of the

R e Y e e

b@olykbrdbhieasd, Edyl stirevhRakitad P Rlcbhsl] 2-0oyldadecdnot; Weaz ylcohol
i ncludi ng canine and feline applications. If desired,

t Bed fetdiods herein may al so be used with farm ani mal s,

such a%?hg\ﬁjl\;égﬁvg QntidRgi @gﬁ %lgﬁ';‘ Fe MG AL ﬁlt%ﬁﬁﬁ?or by inhalation

I nventi've ‘net hods 1 nvo Ivery of Inventive
mand ateanalerdaitiyodetiivered i the form of a dry powder inhaler or an aerosol spray

presentation from a pressurized container, pump, spray, atomiser or nebuliser, with or
without the use of a suitable propellant, e.g. dichlorodifluoromethane,
trichlorofluoromethane, dichlorotetrafluoroethane, a hydrofluoroalkane, carbon
dioxide or other suitable gas. In the case of a pressurized aerosol, the dosage unit may
be determined by providing a valve to deliver a metered amount. The pressurized
container, pump, spray, atomiser or nebuliser may contain a solution or suspension of
the antibody, e.g., using a mixture of ethanol and the propellant as the solvent, which
may additionally contain a lubricant, e.g., sorbitan trioleate. Capsules and cartridges

(made, for example, from gelatin) for use in an inhaler or insufflator may be
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any appropriate route of admi nistration including, for
exanpl e, parenteral, intravenous, topical, nasal, oral
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nodes. In general, the antibodies may be fornul at ed
for i medi ate, delayed, nodified, sustained, pulsed,
or controlled-rel ease delivery. In certain
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armaceu |ca e acl such

as met h?@mj:ﬁmhbmfoe rmalddmﬁlﬁﬂtloﬁ@m%ﬁﬁdt‘tﬂy ¥edpogit@desarttich can
I vents hat, may, be enpl oyed i nclude R nger's
< BF DEePBHE Jicvisng the MyRMgFRAn Bties &’itbrs}llt%ble poRgitaing excipients

e e
e sqdicb@xelmbumxt Itamnbmq;u&:ycmt hqmldcat bodyotemperatiirg Iamt drerefore. méln in the

add % ‘Qs?réfﬁie Seo I ds é%ﬁ%?b fgl'tl%ﬁ%n?rcﬁ%td gptélscat dtets can also

f Bé U&Hdadsh@ﬂﬁ)vﬁﬁfﬂ tﬁ@aﬁt §dcbiiBréhhabpl caRIPLRR a?)ﬁydroxy ropyl
filtration through a bacterial-retaining filter; %

i pelbrlorsrase dlpgcestant eartigisiog thegavengion dort feetal athn@‘ttratlon since they

S itions. |ch can_be,.di ssol ved

TR E 4B G PR ol b Ou PRt BR Rt Sty
rrﬂﬁlmmrﬁé bfdartie thigtes hddedriél e pharrhdcehie cbmposifideitseRbted in
the i nventive antibod it my be desirable to slow

i PXlenipsmrE Mg Tetntpn a%thrc ﬁpmaﬁi}@@w by paghicudarpthgtvahes ghould not
R I?cgfg m%%mgze%t%&l@%e » %y ﬁH&!&‘re%oﬁ%‘hﬁbé BhE Fectal

ant acconp I ssol

suapendi ng the agent in an oil vehicle. I nJ ect abl e
depot fornms are made by form ng m croencapsul e
matrices of the anti body in bi odegradabl e pol yners

speh apipRbylagsll de- pol ygl ycol i de. Depending upon the
ratio of antibody to polynmer and the
In another aspect, inventive antibodies may be used for detecting TrkB in a
sample (e.g., in order to diagnose a disorder characterized by over or under expression
of TrkB). According to such methods an inventive antibody is combined with a
sample under conditions to allow specific binding. The specific binding is then
detected thereby indicating the presence of TrkB in the sample.
The sample can be derived from a body fluid (e.g., from cerebrospinal fluid,
blood, serum, urine, etc.) or an extract of cells or tissue (e.g., a biopsy sample).

Detection of binding can be facilitated by coupling (i.e., physically linking) the
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nature of the particular polyner enployed, the rate of
anti body rel ease can be controll ed. Exanpl es of other
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pol y(anhydrides). Depot injectable formulations are
al so prepared by entrapping the antibodies in _

|'i posores or microemul sions which are conpatible with
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nebul i gerariewyl dﬂpr@tbcdl/b fd}%'éasﬁﬂ"@g é&ﬁ%o@%bﬁdﬁ}g {rRRldeng ELISA and
ﬂ,g&sl | ant, e.g. dichlorodifluoronethane

b %ﬁeckflpwarl% theraiaand prolvidep GRS frdigenaging eltérad ey alnormal
|
PJER 9l a0y, SR i 6L Bl g

uNbtmatey sfaﬁdaidtvahm; ﬁﬁd’ b eRpreysich &g establadhee bl Qoﬁh@iﬂlﬂgeiamples
Fred anmount., pressuri zed contai ner,
ta@g, romyggmakindiyid uﬁ it %%mvme@@ﬁbacﬂshmaies @mdlﬁlw syitable

Sfh$ E&EPICQ 'Toﬁlflatfoﬁe TR taﬁ%ﬁgtyof sEmfard cléﬁ* @nﬁéﬁ ul%lg}{rgé

et hanol and the propellant as t?] ven

aqitintifiedhby Ivgn@tsnn@hwdsaiebcmhmg:anﬂ),e natuge of thekbictiable substance
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of the |nvent|on and a suitable po ase SucC
| cominsewd with gheatadardrmiues nsniation bmv;\tehm dtendetril land disgased values

hed
SRS S o bl IR S canp i n e form

of t aki]ney‘eﬂaln embodiments, the inventive methods may be used to diagnose

neurological conditions that are characterized by over or under expression of TrkB.
For example, and without limitation, inventive methods may be used to identify
nervous systems that have been injured by wound, surgery, ischemia, infection,
metabolic diseases, malnutrition, malignant tumor, toxic drug, etc. Specific examples
include stroke, spinal cord injury, traumatic brain injury, retinal degeneration and
axotomy. The inventive methods may also be used to diagnose disorders such as
attention-deficit hyperactivity disorder (ADHD), depression and age-associated

mental impairment (i.e., by providing cognitive enhancement). The inventive
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capsules, nmultiparticulates, gels, filns, ovules,
elixirs, solutions or suspensions. In certain
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adm ni stered as oral tablets or capsules. Such
preparati ons may be m xed chewable or liquid

formul ations or food materials or liquids if
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anti bodies with suitable non-irritating excipients or
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¢ B TRBIRGPOR 1yif RopeHatrbihat e dpveativeantihodiss gan be
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| BpHRQHiredpitaoant i on of the admi ni stered conposition

in the rectal vault. 10. Di agnostic uses |In another
aspect, inventive antibodies may be used for detecting
TrkB in a sanple (e.g., | EXXM@®LES di agnose a

di sorder characterized by over or under expression of

Tr kB) . Thepissent iy epBonsisdhithes iiesirgted ant svrnpried dydhe foblewyng
. . ! _ A i -
S, T RO WS RO POy s o
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bi ops;lar sarrpl)l‘ie) .10 Detlect i% Erélgégxfbﬁrg%}%ﬁfggtﬁgg%e&ﬁt Bventfon
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theanti body to a detectabl e substance (i.e., antibody

| abel i ng) . Exanpl es of detectabl e substances incl ude

various enzynes, prosthet gxveppy, fl uorescent

mat eri al s, ) )
This example describes the preparation and in vitro characterization and

testing of a plurality of TrkB antibodies.

Materials and Methods

Immunogens

Murine anti-TrkB antibodies were prepared using a mixture of two protein
immunogens: a first recombinant protein that includes the extracellular domain (ECD)

of human TrkB (thTrkB-ECD) (R&D systems, Inc., Cat. No. 397-TR/CF) and a
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| um nescent materials, biolumnescent materials, and
radi oactive nmaterials. Exanples of suitable enzynes
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b- gal actosi dase, or acetyl cholinesterase; exanples of

suitabl e prosthetic group conpl exes i ncl ude

streptavidin/biotin and avidin/biotin; exanples of
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' @@b%@l@d df%é ﬁﬂl"’l@l‘i‘%th bbb §vhith i804 f@lﬁgmw ’IDaNT‘@ 1 in Fig. 12,

exanpl es of suitable'radi oactive material include
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disponesa; '}Q)w%lvéleﬁvﬁ@n Blyc 6dRImibRYRIaS a®hoalirleBd of 80-100 kDa in
expression. ELISA and FACS are further described in

t ROSERARE wder meveing cenditiensndar d val ues for TrkB
1S5 ] S O P e

u mEIHmrfﬂthe ﬁllllSIelsgih pedicia (vaichdos lfecth 408 HATDANO: 2T1hQ?1g 13,
am)unt of st and %I ex formatjon may be quantified

6%0%1% rdimige g lrkB-H(d? ysed for thipExample, this
d gécﬁlgﬁ@eg& Flanil ﬁ teljﬁ{lﬁél%ﬂﬁhtﬁﬁe?%% ﬂgetlcféf which is cleaved

conpl e or mation 1I's quantl
pﬁmﬂngretpressmnmadsa C-teemiriad Hid Tag. | hBrieBECEs saoalsod axpressed in

Jesf omd| f‘\!ﬁg _EIVId l‘i? aliethen coppar ed
wWtHRE ﬁ%ye e ged giolesutanaass ot thh gagngmeric
ARt THkSERIP & 45&) KB, IRFWRBY, R $1ych sy 1Bl ﬁrfﬁ"g%{t& 4s%f broad band of

di agnosi ng di sease.’ In certain enbodi ments,

i A4 AP kide 1mSDiveli4 Giayndperedueing cendifiengnose neurologlca
conditions that are characterized by over or under
expression of TrlcB. For exanple, and w thout

| Uminbiakbion schedigét | ve net hods may be used to identify
nervous, systens that have been injured by wou

s ur ger Vive &wreneld female A LIRS, mlﬁ%mﬁfotmremuz%wbéo pg of thTrkB-

SpeC| ﬁeittv}ag re-médgﬁgpéodﬁ gt ng?(Jn‘a’é' adj Waﬁtg% The mlxture was

I C ex r
t separeatcd 'mt(bp(atmns thptuwsre imjedted albcd‘agemsl‘yedndantrwtdltoneally 4 times

Fot ogg'e(l -ar:?gto\%/n e@f éﬁzg ﬁnngtgfo Se nqﬁ:)é V\?elrg glsct)) ?m%sﬁ?nzegi at week 7 by

subcutaneous and intraperitoneal injection with 1 pg of rmTrkB-ECD that was pre-

mixed with complete Freund's adjuvant (CFA). Mice bleeds were collected at weeks

5 and 7 and antibody responses in the sera were evaluated.

Generation of murine anti-TrkB monoclonal antibodies (mAbs)

Three of the five mice were additionally boosted intravenously with 10 pg
thTrkB and 1 pg rmTrkB 3 days prior to the cell fusion (which occurred at week 12).
Splenocytes from these three mice were fused with murine myeloma cells
P3X63Ag8.653 (ATCC, Cat. No. CRL-1580) at 4:1 ratio using 50% polyethylene
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attention-deficit hyperactivity disorder (ADHD),
depressi on and age-associ ated nental inpairnent (i.e

whoopnssas4di ng cognitive enhancenent). The PCT/US2006/021878
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i nventivenet hods may al so be used to di agnose _
congenital or neurodegenerative conditions including
Al zhei ner' s di sease, Parkinson's disease, Huntington's
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t Fies pedde HWIfleggr#% phefibridoma &e@fatlpmqi gnedivm The Ig class of each

[ r
R esRlei e AER bR TS B8R L alosius 388 Er R
t Mengphregpalaap., ﬁllat &fod 1498027).r 0 characteri zation and
testing of a plurality of TrkB antibodies. Mterials
and Met hods | mmunogens Murine anti-TrlcB anti bodi es
Werg4prepared using a mxture of two protein
i mmunogens: a first reconbi nant protein that includes
t he exte meedureitherprerones of TrkBBpecific antibodies, 96-well plates

(Maxisorp, Nunc) were coated with 1 pg/ml thTrkB-EDC-Fc (R&D system, Cat. No.
688-TK)) or rmTrkB-Fc (R&D system) and incubated overnight at 4 °C. After
washing the plates and blocking the wells with PBS (10 mM sodium phosphate, 150
mM NaCl, pH 7.2) containing 1% BSA and 0.05% Tween-20, 100 p1 of diluted
immune serum or hybridoma supernatants were added and incubated for 1 hr at room
temperature. The plates were washed, and the bound anti-TrkB antibodies were
detected using peroxidase conjugated goat anti-murine IgG (H+L) (PIERCE, Cat. No.
31434) followed by incubation with the substrate TMB (BioFX Laboratories, Cat. No.
TMBW_1000-01). The absorbance values were determined at 450 nm in a
spectrophotometer.

To determine the mAb concentration in the hybridoma supernatant, 96-well
plates were coated with 1 pg/ml goat anti-murine IgG (Fcy) (PIERCE, Cat. No.
31123) in PBS and incubated overnight at 4 °C. After washing and blocking the wells
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of human TrkB (rhTrl cB-ECD) (R&D systens, Inc., Cat.
No. 397-TR/ CF) and asecond reconbi nant protein that

WO pabusbass t he extracel | ul ar domai n of nuri ne TP&BUS2006/021878
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(rmfrkB-ECD) (R&D system Inc., Cat. No. 1494-TB/ CF).
The extracel |l ul ar domain of human TrkB is conprised of
am no acid residues C32-H430 of the full length
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H s Ta Tr kB-ECD | s X ' ri ne.
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was prem xed with conplete Freund's adj nt :
VEaRpiBiead Moyl T Betied aaf ouarg LD Mogagaed. Absorbance
aRfak Red¥mines ROMTESmI N the sera were eval uated.

CGenerati on of nur i_ ne a_nti - TrkB nonocl onal anti bodi es
( Mbs) Tohmapethofrelatites dntibednbindingepiiopasdintrh®ridd, [ayp6-well plate was

- e i R PPt o PR AT G oS BB tnepiged

abyRRt 449 °C. After washing and blocking the wells with PBS containing 1%
BSA and 0.05% Tween-20, 100 pl of mixture of each individual pre-incubated TrkB
mADb (20 pg/ml) and rhTrkB-EDC-Fc (0.1 pg/ml) was added to the wells and
incubated for 1 hr at room temperature. The plate was washed and incubated for 1 hr
with peroxidase conjugated goat ant-human IgG, (Fcy). After washing the plate, the

substrate TMB was added. Absorbance was determined at 450 nm.

Luciferase assay

A stable line of HEK-293 cells expressing rthTrkB was generated by
transfecting HEK-293 cells with pcDNA-hTrkB (full length, see GenBank Accession
No.NM_006180). Transfected cells were selected in the presence of hygromycin for
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Spl enocytes fromthese three mce were fused with
muri ne nyel oma cells P3X63Ag8. 653 (ATCC, Cat. No.

W@RI061586) at 4:1 ratio using 50% pol yet hyl eneptH/U81006/021878
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(MW 1500) (Roche Diagnostics Corp., Cat. No. 783641).
After fusion, cells were seeded and cultured in
96-wel |l plates at 1x105 cells/well in selection nmedium
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Purification Spin coI ums, MIlipore, Cat. No. P36486)
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nedEa RS 1 g cl ass of each mAb was deternined with a
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val ues were determ ned at nmin a
from analysis. The fluorescence of 5 OOO cells/tube was counted by a FACScan flow

cytofluorometer (Becton Dickinson).

TrkB autophosphorylation assay

HEK-293 cells expressing thTrkB were plated in 24 well plates at 2x10°
cells/well in a DMEM growth media. The next day, cells were incubated in serum-
free DMEM for 90 min, then stimulated with BDNF or testing antibodies at different
concentrations for 30 min at 37 °C. After washing with PBS once, cells were lysed in
Laemmli Sample Buffer (Bio-Rad) preheated at 95 °C. Lysates were run through
QIAshredder column (Qiagen) and 20 pl of samples were resolved on 4-12% Bis-Tris
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spectrophotoneter. To determ ne the mAb concentration
in the hybridoma supernatant, 96-well plates were

w@ombaesBlei th 1 ng/ M goat anti-mnurine |1gG ( FcghCT/US2006/021878
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(PIERCE5 Cat. No. 31123) in PBS and i ncubated
overnight at 4 OC. After washing and bl ocking the
wel Il swith PBS containing 1% BSA and 0. 05% Tween- 20,

1 . i J '

0 gl S MRS BRI kAU AU e

| SeitEy pandseterd detgeted using PYg QD phsspus-dak-apecifis hrititddy d1:100, Cell
B30 157130 R e S A .
alddoz [ i t :
S o 5 IS R L L e
skb{Amersha was added. Absorbance was deterni ned at

450 nm Characterization of relative antibody binding

epi topes using conpetition binding To determ ne how

t Neumienslirdyoweh aanpi - TrkB 1gG to TrkB protein affects
the BDNF 1 nteraction with TrlcB, a 96-wel | El te was

coat ed Hyman ngumblagiona SH-SBENEcq Rarsre geovamin IOMEM%d2(1:1)

248- ' ' a | aht .

A rFEhER bin TIPS PR s Pofthe neurie

c omﬂgﬁivﬂhmgsaiy?d/odﬂ&gvag platedGb %6 M&msﬁé)fzulﬂ.@egpllaies @5 the density of
re-ji;ncubat ybrj dopa, supernatant (or diluted imune

S8¥ @f@ﬁ%ﬁ d Yioubetr R B el s maiRRSH () anduce

PhétirEn Askrd:BeHRRL S Ol RE t}ﬁ*rd'Hagafh et %Qﬁ%gfa%&djmh fresh growth

After washing the plate, peroXi 8ase conj ugat ed goat

amediahwitheor Wilyut BENF of fesERCHtibGAtes, asondiSldd ) thewessults. After

agded and i ncubated for hr at rqo nperature. The

oot 8 dn S sl Sty T B R St ot roorh
ARsiehaneaniaEstitl Hes ke fordmmhRdsRMing O BRRTUPSIn III. First, cells
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After iggrsttﬂie rr}geagtpreem rlltac}f %’eurtltlg %romoting effects in the primary neurons, rat
or murine cerebellar granular neuron (CGN) cultures were prepared. Briefly, the
cerebellum was dissected from animals postnatal day 7 and cut into small pieces. The
tissue was treated with papain (Worthington Biochemical Corp.) for 30 min at 37 °C
and dispersed by gentle trituration. Following centrifugation at 300 g for 5 min,
dissociated cells were reconstituted in Neurobasal medium containing B27
supplement, 0.5 mM l-glutamine, and 25 mM potassium chloride and plated in 96
well Biocoat plates precoated with poly-d-lysin (BD bioscience) at a density of
1.2x10% cells/well. Cells were treated with BDNF or testing antibodies for 24 hrs,

fixed with IC-Fix for 30 min at room temperature and processed for Tujl
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substrate TMB was added. Absorbance was determ ned at
450 nm Luciferase assay A stable |ine of HEK-293
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HEK- 293 cells with pcDNA-hTrkB (full |ength, see
GenBank Accession No. NM 0061 80). Transfected cells
were selected in the presence of hygronmycin for2 wks

1r%}mh g,‘gu}l gagld[#&tﬂlgg@ o0l 1 owi ng initial evaluation,

a sing s was chosen for the study. For
t he Iucn‘erase assay, cells were plated at 1.5x1 04
ceIIs/vveII in 100 M growth nmediumin 96-well plates.
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epmt@@ﬁl ng rhTrkB were detached fromthe plates with
PBS containing 5 nM EDTA and transferred in to 5 m
Fal con tubes (Becton Di ckinson, Cat. No. 352063) with

2%} 55,564 akpube. Cells were washed once with PBS
yeceotrie#t?%fnga}at 800 rpmat 4 Cfor 3 mn, and
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counted by a FACScan fl ow cytofl| uoroneter (Becton
Di cki nson). TrkB aut ophosphoryl ati on assay
Results

Evaluation of antibody responses from TrkB immunized mice

To evaluate the specific immune responses to TrkB, the five immunized mice
(M1-M5) were bled one week following the third and fourth immunizations. High
anti-TrkB antibody titers in the serum were determined by ELISA and FACS analysis
in both the third and the fourth bleeds. Fig. 1 represents results from the bleeds after
the fourth immunization. All five mice generated high titers recognizing both
thTrkB-ECD and rmTrkB-ECD in ELISA (Figs. 1A and 1B).

The location of antibody binding epitopes on hTrkB relative to the BDNF
binding site was also evaluated. Results from competition ELISA showed that the

immune bleeds can block thTrkB-EDC-Fc and BDNF interactions in an order of M2
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HEK- 293 cel |l s expressing rhTrkB were plated in 24 well
plates at 2x1 05 cells/well in a DVEM grow h nedi a.
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for 90 min, then stinulated with BDNF or testing
anti bodies at different concentrations for 30 mn at
37 0C. After washing with PBS once, cells were |ysed
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OB Tybulin 111. First, cells were perneabilized
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| Reedbatiod of momocg%qﬁarzﬁiwdiqoat ser um (NGS) in TPBS for

30 mn to ck non-s

ncubad I R PRET D ke riPe (b (S apr i) were
1566488 intavavesty vith 10 @f\ﬁﬁrnﬁ’%D Ak | pgioF BATSKkBUEICD three
det ected using Al exa 488 nurine anti -]%oat anti body (

1 daRprique gpn.pFme the fgpiowed ol ybrigdomg seigeringegnety-four

SBRRLE 0 5L B SEB P ER DD o LIS sy

p Mweatsyofithese@ishes tbs-edacted witternCRkBHECDarn ag ELISA assay. FACS

neur.o cul tures were prepared. Briefl he
analySr%s c(:o rmed that fifty-four clone':os bo'?md to thTrkB expr)éssed on the surface of

HEK-293 cells.

The TrkB agonist activity of each clone was tested using a luciferase assay
and seventeen hybridoma clones with highest activities were selected for further
characterization. Following stabilization of these clones, three rounds of subcloning
with serial dilution, and one round of subcloning with FACS sorting, the monoclonal
antibodies from each culture conditional medium were collected and purified by using
ProSep-A (Montage Antibody Purification Kits). The IgG isotypes of each antibody
were determined by Murine Isotyping test kit (Table 1). The antibody concentrations

were determined by Murine IgG quantification ELISA and all seventeen clones
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cerebel l um was di ssected fromanimals postnatal day 7
and cut into small pieces. The tissue was treated with
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37 C and di spersed by gentle trituration. Follow ng
centrifugation at 300 g for 5 mn, dissociated cells
were reconstituted in Neurobasal nedium containing B27
suppl enent , . .0. l.- gl ut am ne, an 5 mM pot assi um
R TR R E S e R
precoated with poly-d-lysin (BD bioscience) at a
density of 1.2x1 04 cells/well. Cells were treated

with BDNF or testing ant i boBABEElbr 24 hrs, fixed with
ICGFix for 30 mn at roomtenperature and processed
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plated in 9;6 Il Bi ocoa ’akes pr ecoat ed th

pol y-d- 1 ysif17 D bi osci e g >at a density 0%27. 3x1 04

cells/well. 1 hrs after ng, cells wer&,subjected
to potassiu érum depri\; dn (KSD) injury 8which is
known to resH in si gni le&8nt death of cerggel | ar
granul ar nedPBhs. Sister Ig@lthures were co-tPéated with
BDNF or -t-estiig-aiitdbodh g trol @M G aeeeeren
i ncubation, cell viability was neasured using a

e,.Cell Proliferation Assay

Cell Titer 96 I\;)n- Rat?i o?ct i_Z\F/

KISt SFrebiay o Heaena! eahafiei on of anti body

r esponggs iuAfed THE SPav A8RbJIbRE adtthodi Ivikad Ehdrfferized for their

specific immune responses to TrkB, the five imunized )

mibtreling activities to hTrkB by ELISA. Most of the antibodies bound to rhTrkB with
high binding affinities (EDso= 10""}(M)), except for a clone 29D7, for which the EDs
dropped from 10 (M) to 107°(M) after purification (data not shown). Two clones
12F4 and 18CS8 lost their binding activities after purification and were therefore
deselected from the priority list (and thus were not included in Table 1). Using FACS
analyses, all of the fifteen remaining TrkB binding mAbs were also shown to
specifically bind to hTrkB expressed on the surface of HEK293 cells. Antibodies
were also tested for their cross-species binding activities to rmTrkB by ELISA. While
most of the antibodies were found to bind rmTrkB weakly, clones 17D11, 18C3 and
29D7 were found to bind rmTrkB with EDso= 10"1%"1}(M) (Table 2).

A competition ELISA assay was used to determine whether the antibodies

block the interaction of rhTrkB and BDNF. Clone 29D7 showed no blocking activity,
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(ML- Mb) were bled one week follow ng the third and
fourth i mmuni zati ons. High anti-TrkB anti body titers
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Mapping of the relative antibody binding epitopes on rhTrkB was conducted
by examining the activity of each individual antibody in blocking the binding of other
antibodies to thTrkB. For example, the observation that two antibodies blocked each
10 other’s binding with rthTrkB suggests these antibodies may bind to the same epitope
or overlapping epitopes on thTrkB (Table 3). In Table 3, the pre-bound antibodies are
presented in each row while the competing (i.e., coating) antibodies are presented in
each column. The results showed that clones 11E1, 19E12 and 29D7 may recognize
unique epitopes. Clones 17D11 and 18C3 appear to compete for the same binding
15 site. All the remaining clones competed with each other and may share the same

binding epitope.
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anal ysis confirmed that fifty-four clones bound to

rhTrkB expressed on the surface of HEK-293 cells.
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Characterization of nonoclonal antibodies The purified
Tr kB- speci fi ¢ nonocl onal anti bodi es were characteri zed
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of the antibodies bound to rhTrkB wi th hi gh binding
affinities (ED50 = 10 n (M), except for a clone 29D7,

for which the ED50 dropped from10 n (M to 10 10(M
allueyerpser adrivieki on (data not shown). Two clones 12F4

and 18 | osf. their binding activities after .

purifi %g? PBHtigth drkBspreci] bedies dersexamined usingra lubigerase assay

[ O - and..: ¥ ded in Table .1).
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. h 3 cells. .
AREMTOTREL e B Cvesboiad Mramost e e amhbadics piistess

bisdi M rbd I [ S

C e ApEID &0 e rbipRisd PN BINE gt Eng M (8.9 P Hrebasah
clones 17D 1, 18C3 and 29D7 were found to _b| _nd rmir kB

%&pCtl%%PaC:iVé%S%gnv’}gé%M (Table 2). A conpetition ELISA

assay was (i erm ne whet her the anti bodies

bl ock Theest ifttks BKB-bindRy anhiFsdi& BRE [BRNGnaI T8RS ]
showed no SbI ocki ng_acti \%iaty, whi |l e cl onesn?Lﬂ%I I %%%85

algdistse by pdpganans Jrih mekor activatia, BOMIte primeotig éffets were
f%\ialé%geél: j%agﬂ&'&#[etﬁe%g iwtglﬂge%gcz ed%lg Trsi(( %a%%l\rgrbfhg sgﬁc_ies specific
ThiBliEg Zh@aowiisty Athe sitibodBk 00k ing uBRiddMivman i deBistoma SY5Y
roniTrlcB 293- hTrkB hTrkB- BDNF ni Ab [ ED50 (nM] [ED50
( ?ﬁl}f’] W%l%é QW%VQIWP er@@T@mHonmr@a@ﬁ‘emtlm. E%on;:)stent
il s 18 e W, RN g e
GELZIOWL 85 RMABHaKT by i2BeBESINCthOASuriE 1624t 4 the ABmber of
branch points (Figs. 5A and 5B). Importantly, most antibodies also significantly
increased neurite outgrowth with efficacies comparable or even superior to BDNF
(Figs. 5A and 5B). Examples of representative images of a few treatment groups are
shown in Fig. 5C.

Seven TrkB antibodies with highest activities (6E2, 7F5, 11E1, 16E11,
17D11, 19E12 and 29D7) were selected for full dose-response analysis. They
induced dose-dependent increases in the neurite growth with ECs of around 107° M)
(Fig. 5D, data was not obtained for 6E2). These antibodies were also tested for their
ability to increase survival of differentiated SY5Y cells following serum withdrawal
injury. Results showed that BDNF and several antibodies protected differentiated
SY5Y cells, demonstrating dose-dependent increases in cell viability (Fig. 6).

Two TrkB antibodies, 17D11, 18C3 and 29D7, which were shown to bind to
rmTrkB, were also tested in rat cerebellar granule neuron (CGN) cultures for activity
against the endogenous rat TrkB receptor. In both the neurite outgrowth assay and the
neuroprotection assay, only 29D7 showed activities comparable to those of BDNF,

while 17D11 and 18C3 were inactive (Fig. 7 and data not shown). It may suggest that
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CHRAE 32 o Oyl SRR SR o o
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i nduced by BDNF at 200 ng/m (6.2 fold over basal

FLARLY bl 8Guesqgnizecan epitepgen murine TrkB that contains dif%érent amino
acids in rat TrkB.

TrkB phosphorylation analysis

Seven TrkB antibodies (6E2, 7F5, 11E1, 16E11, 17D11, 19E12 and 29D7)
selected based on all activities described above were evaluated in Western analysis for
induction of TrkB autophosphorylation. All antibodies led to robust TrkB
phosphorylation, and these effects were antagonized by treatment with the kinase
inhibitor K252a, indicating that these TrkB-binding antibodies caused activation of
TrkB (Fig. 8).

ATCC deposits

The hybridomas that produced the 17D11 and 29D7 TrkB antibodies were
deposited with the ATCC on August 18, 2005 and have been given ATCC patent
deposit designations PTA-6948 and PTA-6949, respectively.
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To test if the TrkB-binding anti bodi es have functi onal
agoni st activities nedi ated by endogenous TrkB

WO e@epsaasd acti vati on, neurite pronoting effectBCTESM06/021878

10

15

20

25

30

eval uated followi ng treatnents with these anti bodi es.
Based on the species specific binding characteristic
of the antibodies, we first utilized human
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suggest that17D 1 and 18C3 recogni z€ an epitope on

manalpigs. TTkeBﬂucbrascenmfaﬁQGQ celil§/fube avas cauritedbbya Fd& Scan flaw
TrkB. Tr kB t.i on anal ysis Seven TrlcB
aftoRBeromedBBcion tuckingdm “ "1 X 7“7 1 ToE12 and
29D7) sel ected based on all activities described above

were evaluated in Western analysis for
Luciferase assay

Stable lines of HEK-293 cells expressing human TrkA (or human TrkC) were
prepared. Transfected cells were selected in the presence of hygromycin for 2 wks
with limited dilutions. Following initial evaluation, a single clone of cells was chosen
for the study. For the luciferase assay, cells were plated at 1.5x10" cells/well in 100
ul growth medium in 96-well plates. The next day, cells were treated with 10 pul of
10x final concentration of NGF (or NT-3) or test antibodies. Luciferase activities
were measured 16 hr after the treatments using the Promega Steady-Glo assay kit
according to the manufacturer’s protocol. In brief, media was replaced with 100 pl of

PBS and 100 pl of Steady-Glo reagent was added. After sealing the plates with
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i nhi bi tor K252a, indicating that these TrkB-binding
ant i bodi es caused activation of TrkB (Fig. 8). Two
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these effects were antagoni zed by treatnment wth t

kﬁﬁ?ﬁg’é CoReRmbiations fkp sach antihodsciatTabte 1.Hbgse thesspond to

SRR A0 B SRS SRS EN ShaBlo gy

t Stowlatiyl delectabie RiABAT THB FATS &adisehowa i€ Fikepasi t ed
with the ATCC on August 18, 2005 and have been given
ATCC patent deposit designations PTA-6948 and

PlRiRRAR achimispect i vel y. EXAMPLE 2 This exanpl e
describes further in vitro characterizati on and

t est i ndy subsetopthapatifieq TdfB-IjeciiR atibbdioso&Bablé D were also
tlc escri bes experinments that

PR P B, S LB~ Ao o GeseSeragoRsh gl videc None of
i}gte gdrslfdglfagﬁlgcr)%iés Mﬁﬁﬁegﬁrm ®r TRLc. DYSH TR, FE R Riick were tested
at concentrations of up to about 3 pug/ml (about 20 nM) and in each case the
antibodies failed to cause detectable increase above basal (see Fig. 9B for TrkA and
Fig. 10 for TrkC). In contrast, NGF induced a ~ 6 fold increase over basal for TrkA at
300 ng/ml (Fig. 9A) and NT-3 induced a ~ 6 fold signal increase over basal for TrkC

at 300 ng/ml (Fig. 10).

EXAMPLE 3

This example describes the in vivo testing of a plurality of TrkB antibodies in

a rodent model of neonatal hypoxia-ischemia (HI).

Materials and Methods

Animals and surgical procedures

The rodent model of neonatal hypoxia-ischemia (HI) was based on the Levine

procedure that is set forth in Fig. 11 (e.g., see Levine, Am. J. Pathol. 36:1-17, 1960;
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FACS anal ysis HEK-293 cells expressing human TrlcA
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Di cki nson, Cat. No. 352063) with 2x1 05 cells per
tube. Cells were washed once with PBS by centrifuging
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Di ckinson). Luciferase assay Stable |ines of HEK-293
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dlhgzpt;m@ﬁfgultFol lowi ng initial evaluation, a single
cl one of cells was chosen for the study. For the
Iumferase assay, cells were plated at 1.5x104

'§e§§%‘54tgéb}bi%g~%ﬂmlos§r owh nediumin 96-well plates.
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r.ase tivities were

anti bodi es asured 16 hr
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bri'ef, nedia was replaced with 100 of PBS and

mhemisphtre azw <c@mpated agthrithe wetact atde Fig. &Btcempgw Ithm@alnh that were

ppg{a g\lﬁét ﬁxeg rlaz%rg 3‘85 fi lo?%ﬁglg r ﬁlﬁ%}é@%ﬁ'ﬁ%}n{eﬁéwﬁgs 24A and
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instrument (Packard). Resul ts FACS anal ysis_ of

oo drgptnagnts. pidwi datp arp shewn es wepand Hanslardermrof il mean
e@.gl\%.f). ﬁiﬁ\lﬂ—&tﬁﬁatﬁp?ﬁég honSR6R4 laﬁﬂ@(ldy 29D7 showed significant dose-

dependent protection of the brain from HI damage. The protection was not localized
to any specific sub-region of the brain but greatest protection was generally observed

in the cortex.

Biochemical analysis

24 hours after the HI injury, brain sections were prepared from a subset of the
mice for biochemical analysis. Hippocampal and cortical brain tissues were
dissected, lysed and subjected to several biochemical assays.

A DEVD-AMC cleavage assay was used to determine caspase-3 activities
(e.g., see Nagase et al., Immunol Lett. 84:23, 2002 incorporated herein by reference).

The results for different regions of the brain are shown in Fig. 25 for mice that were
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daily treatment for 2 wks post injury, etc.).
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error of the nean (S.E.M ). BDNF and anti-TrkB
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ofelldi ffaastomned eslts weragprehd onverac xT8fraG apadBioyssHPPlak S

and subj ect e to'go noblotting with antibodies
agat PEFHGR snggse-s substrates (PARP and
a-spectrin). Antibodies

Soluble phase selection (Biotin selection)

Phage antibodies were selected using biotinylated hTrkB-EDC-Fc according
to the protocol described above with the following exceptions. Pre-blocked phage
were deselected first against 100 nM biotinylated PSGL-Fc followed by positive
selection on 100 nM biotinylated hTrkB-EDC-Fc. Human TrkB specific phage were
captured using pre-blocked magnetic streptavidin beads (Dynabeads M-280
streptavidin, Cat. No. 112.06). Beads were washed 10 times with PBS/0.1% Tween
20 and 3 times with PBS. Bound phage were eluted with 200 pl of freshly made 100
mM TEA (140 ul of TEA in 10 ml of ultra pure water) and neutralized using 100 pl
of sterile 1 M Tris-HCI pH 7.5 to the eluted phage to neutralize the TEA. Phage were
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agai nst b-actin were used as controls to verify equa
| oadi ng of proteins. The results shown in Fig. 26
waletwonstisat e i nhibition of cleavage of these cEGpPES®OE021878

substrates by BDNF and anti-TrkB nonocl onal anti body
29D7 (C = contra and | = ipsi sides of carotid
ligation). Follow up experiments The follow ng are
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frequency (e.g., daily treatnent for 2 wks post
ury, etc.).EXAMPLE 4 This exanpl e describes the
pP rcattllbodymgafta@stzfngﬂSAhurran singl e-chain Fv

F Tr.kB.. .H ntiba
15 Lhage SPEls AP EReareued o B Mk sromor el Gosta
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fragments were selected for TrkB binding usSin

f dlavesdi ta grove et BoC (108t 180i raing famfa6 kist (G2 st G5 renﬁ 0F). M13K07
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4w§s ade® ﬁﬁ@a%h'vileli’lr Afh WaR WrE iRuBSKSE S 1P MooRBAIRor 1 hr. Plates

al i quot added t

20 were centrifuged at 3200 rpm for 10 min, the supernatant was removed and the cells
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were resuspended in 150 pl of 2xTYAK medium. Cultures were grown overnight at
25 °C(120 rpm). The next day, plates were centrifuged at 3200 rpm for 15 min and
the supernatant was transferred to a fresh plate for the phage ELISA assay.

Phage ELISA

ELISA plates were coated with 50 pl per well of 1 pg/ml of hTrkB-EDC-Fc
(BSA as a control) in PBS at 4 °C overnight. Wells were rinsed 3 times with PBS and
blocked with 300 pl per well of PBS/3 % skimmed milk at room temperature for 1 hr.
Phage were blocked with equal volume of PBS/6% skimmed milk and incubated at

room temperature for 1 hr. 50 pl of blocked phage were added to ELISA wells and
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50 m of 6%skimed mlk in 2xPBS) and negatively
sel ected agai nst PSG.-Fc (Weth, Lot. No. 00H25M04)
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10

15

20

25

agai nst Fc. Desel ected phage were transferred to the
target protein-coated plate (hTrkB-EDC-Fc) and
i ncubated at roomtenperature for 2hrs. Wells were
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Phage ELISA

Table 4 shows the results from phage ELISA assays from the different phage
library selections (panning and soluble selections). Fig. 18 shows the phage binding
ELISA data from a representative set of TrkB positive clones (BMV library panning
selection). The majority of TrkB selected clones showed strong and specific

reactivity against TrkB-EDC-Fc and not to the control protein PSGL-Fec.
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Kananyci n) and grown overnight at 25 C at 280 rpm E.
coli were spun at 3500 rpmfor 15 mn and the

w@apensEsant contai ning the phage were used f oPCT/082006/021878
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next round of selection. Phage anti bodypreparationfor
ELI SA Single colonies of infected E. coli were picked
into mcrotitre wells (Costat Cellwells) containing
150 m of 2xTYAG nedia (2% ghweepse) per well. O ones
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in PBS JTKBrERE-Eoésalnllex . Wells were rinsed 3 tines
with PBS and bl ocked wit hIBB87 i per 10el | of PBS03 %
ski mred-i-bk-at-—toom-tenperature for 1 hr Phage were
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FACS analysis

Fig. 19 shows the binding specificity of TrkB selected scFv antibodies tested
using the FACS assay. The data shows that TrkB selected scFv antibodies react with
membrane associated TrkB in a specific manner (filled blue histograms) with no

cross-reactivity to control cells (open green histograms).
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containing 0.9 m 2xTYAG nedia at 37 C for 5-6 hrs.
scFv expression was i nduced by adding IPTGto a final

w@emweastisat i on of 0.02 mMin 2xTY nmedi um and grPOMUR2086/021878
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30 C overnight. E. coli were harvested after overnight
growt h and osnotically shocked with 150 ml TES buffer
diluted 1:5 in water and incubated on ice for 30 mn.
Cell's were centrifuged andgkR&Euper nat ant transferred

to a fresh plate for the FACS assay. 293 cells stably
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age |ihQratry selecgtions (panning and_sol ubl e

pgﬁg%nd @3%951}3&?&1“&@ @W&Wgn@ﬂ%nwﬁafgﬁ@ a9 yigy et the EDso value of

A Ap 4R aﬁaohﬁ%(ﬁﬁ?ﬂo@&e& Wan Sk o@fntJJt KPDRONelth¥ @ﬁ%&g@& control
(BW library panning selection). emajorltyo

ség(él:nmt&:Faing@rsM\bedncttorﬁhQ and specific reactivity

agai nst TrkB- EDC-Fc and not to the control protein

PSGL- Fc. TABLE 4 t ., phage ELI SA Sequence Antigen

(sel ection) (% positives) E%Mpm@i ty) CS 78 53

Tr kB- EDC- Fc BW 58 23 (gannl ng) DP-47 45 39 CS 3 100
Bi ot i m}" gx@mple compares the agonistic activities of the 29D7 TrkB antibody and

the Fab fragment of Example 5 against human TrkB. Agonistic activities were
examined using a luciferase assay and HEK-293 cells which express surface thTrkB
as described in Example 1.

HEK-293 cells were treated with 29D7 IgG or 29D7 Fab at indicated
concentrations and accumulating luciferase activities were measured 16 hours post-
treatment. As shown in Fig. 21, both total IgG and Fab of 29D7 induced dose-
dependent luciferase activities, indicating activation of TrkB. However, the ECsg
value of 29D7 Fab was about 27 fold higher than that of 27D7 IgG (0.083 nM and
2.28 nM for 27D7 IgG and 29D7 Fab, respectively). Neither an isotype control IgG1

nor its Fab fragment had effects on TrkB activation.

EXAMPLE 7
This example describes the epitope mapping analysis of certain inventive
TrkB monoclonal antibodies. The mapping was performed against linear, single
looped and double looped peptides that were deduced from sequences within the
human TrkB extracellular domain.
As shown in Fig. 22, the 17D11 monoclonal antibody recognizes loop-3 of the
IgG-2 segment of human TrkB (KNEYGKD, SEQ ID NO:7, amino acids 364 to 370
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BW 6 50 TrkB-EDC-Fc (soluble) DP-47 10 50 After two
rounds of panning selection, 78% of randonmy picked
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Tr kB- EDC- Fc bi ndi ng but not for PSG.-Fc bindi ng.
Li kewi se, 3% of clones were positive after two rounds
of the soluble selections. The nunbers for the BW and
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the ELI SA binding results for hunman and ‘nouse
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Fab was about 100 fold |l ower than that of intact 27D7.

Nei t her an isotype controlgXg@ppros its Fab fragnent

bound to TrkB. EXAMPLE 6
This example describes in vivo TrkB activation experiments that were

performed with the anti-TrkB antibody 29D7. Briefly, pups at P7 received a 5 pl
intracerebroventricular injection of 0.3 nmole of either anti-TrkB monoclonal
antibody 29D7 or vehicle. Brain tissues were then dissected 1, 2, 6, 12 and 24 hours
after injection. Tissues were lysed and equal amounts of protein samples (30 pg/lane)
were separated by SDS-PAGE and subjected to immunoblotting with antibodies
specific to proteins that are phosphorylated as a result of TrkB activation (phospho-
ERK1/2 and phospho-AKT). Antibodies against B-actin were used as controls to
verify equal loading of proteins. The results of Fig. 27 show that anti-TrkB
monoclonal antibody 29D7 induced time-dependent phosphorylation of ERK1/2 and
AKT (data from hippocampal and cortical samples are shown and are representative
of results obtained from four other samples).

Fig. 28 is a densitometric quantification of the ERK phosphorylation shown in
Fig. 27. Fig. 29 is a densitometric quantification of the AKT phosphorylation shown
in Fig. 27. Fig. 30 shows vehicle and 29D7 treated brain tissues that have been fixed
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Thi s exanpl e conpares the agonistic activities of the
29D7 TrkB anti body and the Fab fragnent of Exanple 5

wag@snstiehunman TrkB. Agonistic activities wer ePERENINEGOR1878
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using a luciferase assay and HEK-293 cel I's which
express surface rhTrkB as described in Exanple 1.
HEK- 293 cells were treated with 29D7 1gG or 29D7 Fab

atand BeinGAS BhreLBRBTababd ANE a8t lc}fétﬂeﬁﬂ)n -specific marker
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am no acids 308 to 313 of

selMéié-5) or ntyiebin frera® 25O poper \Qd:{hl[ﬁhflaﬁ@mdﬁg@d{dﬁféil@h‘ify Next
is identical to

P PheNTARE ok Giclie: C%Zﬁ%e% SEPTE BHIeH Mt By i golyaptlipine (17
o PU/fLPRor 3RS tolfred y NearioR Wifhh AER oGRi 10 s for 1
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' ' | oop- 3 of the
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t I e
of O anihic, NP C, M 00 DANBATNLR 88 H GEHONA° ighcarca
NCatmdnt reagents veare ddded2i tltectlme of cell plating. Neurons were grown in a 37

°C incubator equilibrated with 5 % CO.,. Approximately 20 hours post plating, cells
were fixed with 4 % paraformaldehyde and proceeded for Tuj1 staining. Cells were
permeabilized with 0.2 % Triton X/PBS (TPBS) for 5 minutes at room temperature
followed by incubation with 1.5 % normal goat serum in TPBS (S-TPBS) for 30
minutes to block non-specific binding. An aliquot of anti-Neuronal Class III b-
Tubulin monoclonal antibody (Tuj1, 1:1000; Covance # MMS-435P) was added to
the cells. After 1 hour incubation at room temperature, unbound antibodies were
washed with PBS three times and an aliquot of Alexa Fluor 488 mouse anti-goat IgG
antibody (1:500, Molecular Probe # A-11001) was added to visualize the signals.
Hoechst 33342 (Molecular Probe # H-3570, 2 pug/ml) was included to label the
nucleus. After washing, plates were sealed and analyzed for neurite growth using a

Cellomics array scan. Typically around 300 cells from 9 fields were analyzed per
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226 of SEQ ID NO 1). The nouse sequence for the
former epitope (ENLVGED, SEQ ID NO 10, am no acids

wQe®ot1881275 of SEQ ID NGO 2) is identical to theCTUSHNG/021878
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sequence. The nouse sequence for the latter epitope
(GEDPLP, SEQ ID NO 12, amno acids 221 to 226 of SEQ
IDN02) differs by two am no acids. EXAMPLE 8 This

Serl be in v TrkB activation experinments
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nmonocl onal anti body 29D7. EXAMPLE 9 Thi s exanpl e
descri bes a MAG nyelin-induced neurite inhibition
assay t hat
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was perfornmed with the anti-TrkB anti body 29D7.
Briefly, aliquots of 50 ml reconbi nant rat MAG | -5)

w@eoopasithi ed rat nmyelin were added to 96 wel | PCHUS2006/021878
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bottomtissue culture plates and air-dried overnight
at room tenperature. The total anounts of MAGI-5) or
myelin were 0.25-0.5 ng per well, unless indicated
differently. Next day, the M\ W&Ng nmyel i n- coat ed
plates were treated with 50 pol y-D-lysine (17
ng/m) for 1.5 hours, followed by incubation with a
rrgg a containing 10 % FBS for 1 hour at 37 0C. After
4 on of the nmedia, rat CON cells were pl ated at
a density of 8,000 cells/well in B27-suppl enented
Neur obasal growth media containing 200 mM L-d ut am ne,
21M KCA mepeslagbangibery phat binds himan dskB+t r ept onyci n.
When i ndicated, treatnent reagents were added at the
time of cell plating. Neurons were grown in a 37 0C
i PcubatThe neguelbhdiraatibatiyvdftchim 1owbekin Mebinkhgaibhimdad TrkB
urs post, plating, cells were fixed wwth 4 %
p A |ip Eheyanesofbpriollurdde abestt SPAM: st ai ni ng.
Cells were perneabilized with 0.2 % Triton X/ PBS
(TPBS) for 5 mnutes at roomtenperature followed by
i BcubaThemonbtlhnd abtiBodyarfrbdimglo athesdm the timdiAPRSh human TrkB

for 30 m es, 1o Ioc peci fic binding.
Aﬁasaﬂnu o1 B TR O BPtolrQal? ghat 1M Tubul in
nonocl onal antibody (Tuj 1, 1 1 000; Covance #
MVB- 435P) was added to the cells. After 1 hour
i hcubatlhemoaeclpad eniikadyeafslaimd , whersbuthe bardingdwithdwman TrkB

h P t I t of
i e T L L I SO
I\/bI ecul ar Probe # A-1 1001) was added to vi sual i ze the

signal s, Hoechst 33342 (MNbl ecul ar Probe # H 357
/' m ) Thmmopg Ple?d antipagy|ofisiaimely whetein tgdinding ‘é’ﬁh uman TrkB

VRShInED, B fe f%bé&aﬂogﬁﬂggbcﬂﬂ byfgd for neurite

grow h usi ng a om CS ray scan. “Typically around
300 cells from?9 f| el ds vvere anal yzed perwel |l and each

b TR SSRGS o Bt i R B
OAGHR e hiRHA RSB b\ﬁ‘th%H'EC!JsB ?r?the Irafg'é%% 1?(519 1@3ﬂw BABARE 56MRM.

of reconbi nant rat MAGQ I - or purified nmyelin
were coated on 96 vveII tlssue culture plates and the

neurite ext o] of eur ons re ne r a
5 hou RS BORIGRN afindtiusB s m ASWERER e ool 500k
(dkﬁlvgﬂéfiﬁ.ﬂmdn TEYB t@lah EQse Eittht @shgkdf dDGE 108RE RISMuL 1 nM.
i nhi bition
8. The monoclonal antibody of claim 1, wherein the monoclonal antibody

activates human TrkB with an ECs in the range of about 10 pM to about 100 pM.

9. The monoclonal antibody of claim 1, wherein the monoclonal antibody

activates human TrkB with an ECs in the range of about 10 pM to about 50 pM.

10.  The monoclonal antibody of claim 1, wherein the monoclonal antibody does
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of neurite outgrowh. CGN neurons were then plated on
either MAG or nyelin-coated plates with control or

wowaok/13816ange of concentrations of the TrkB ane@us2006/021878
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29D7. Neurite extension was neasured 20 hours
post-treatnment. As shown in Figure 33, 29D7 led to
reversal of (A) MAG and (B) nyelin-nediated neurite

| b1 4 b0or SEDL SBERIMENAST fher embodi ment s of - he

invention will be apparent to those skilled in the art
froma con3|derat|on of the speC|f|cat|on or practice

ofjythe T‘h@ ﬁo%%{:l%ﬂal%n? ﬁocié/ (gdr%epglg eﬁ%# 2 é’:?(gt{ﬂ’%g’ ldantH)ogiy

t he’ Specl catl on an

exglipitany deaedtyble Biriding Wigh hiindgn $ﬂ@D @ndﬁ)r ddee nb¥HRBS hNdetectable
bei ng |nd|cated by the follow ng clains. CLAIMS W\

c PelfHon of e Bed o reantifiedsi eoagntiatgns blPQYGsibﬁWrﬂaWTr kB.

2. The nonocl onal antibody of claim1l1l, wherein the
bi nding with human TrkB has an ED50 in the range of
ahadut Tbe pidnbdondl antib&dyOofitldim3l0, Fhereimtheeh@mwalonal antibody

TSRt el Biringu Bigen DikAbler dhss B g BB detectabe

(EtM I n
ety P e sy oS

of about 10 pMto about 100 pM 5. The nonocl onal

anti bo of clal n_t i ndi w th h

Ty’ hate RlonfoiBilahindB Bt T uBeRin B midolignepody
56xliibits 1 detérgatI®b@dingnaith Ritharbogn afd/& cfyegrhéf, ca%h'eaﬁﬁf' ditectable
t he, mpnocl onal anti body activates human TrkB wt

Eesftyation eHamam bk Aott aafiberdy concgntiationpeheve 8boutriNo nM

The nonocl onal anti body of claim1, wherein the

nonocl onal anti body activates human TrkB with an EC 0O

i 4.t heThamgeodbtna Iamu'ﬂiod:y(bf eMimhd Oalvherteinlths MonBclohbleantibody

ARG detstiipls Batingmifh Rirais T idiprElosphet (OHE Faiigtsctable
Oflctﬁrﬁﬁ’éﬁ ofifhinkM T1R A3R ‘aﬂﬁb oﬂééntt%tloﬂ_st%o% Qp&ltq']ﬂgo dy

anti body of claim1, wheréin the nonoclonal ant

15. The monoclonal antibody of claim 1, wherein the monoclonal antibody does

not bind and/or does not activate human TrkC.

16, The monoclonal antibody of claim 15, wherein the monoclonal antibody
exhibits no detectable binding with human TrkC and/or does not cause any detectable

activation of human TrkC at antibody concentrations above about 1 nM.
17. The monoclonal antibody of claim 15, wherein the monoclonal antibody
exhibits no detectable binding with human TrkC and/or does not cause any detectable

activation of human TrkC at antibody concentrations above about 10 nM.

18. The monoclonal antibody of claim 15, wherein the monoclonal antibody

exhibits no detectable binding with human TrkC and/or does not cause any detectable
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activates human TrkB with an EC50in the range of about
10 pMto about 50 pM 10. The nonocl onal anti body of

W@ b@b33le4 wher ei n t he nonocl onal anti body doespEr/URione021878
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and/ or does not activate human TrkA. 11. The

nonocl onal anti body of claim 10, wherein the

nonocl onal anti body exhi bits no detectabl e binding

bt T AR Ui t9OhARL €
B N S R T Gl
above about 1 nM 12. The nonocl onal antibody of claim

1 wherein the nocl pn antjbody exhibits no .

d0Pect T0F EREPHARHGRTodY FAR Loy RRCiRRs S ane A tibody

C 3K BitPAY détedtasé BRmgasHk MahhP T alidRided htradlbe any detectable
anti body concentrations above about 10 nM 13. The
nevibietion af humad bk&§yatantibodyi gpngentrajines diayembeut 1 M.

nonocl onal anti body exhibits no detectabl e binding

wi th human Tr kA and/or does not cause any detectabl e

apo. vatthe monbclbhalantiBadgAofataimnto, bheieit the eesiocRinklodigibody does
above about 100 nM 14. The npnocl onal anti body of

chef bind and/gpdaes net ackizatghyBendasE- anti body exhibits no

det ect abl e binding with human TrlcA and/ or does not
cause any detectable activation of human Tr kA at
aft.i bodre cmmodnnal ahtiboty cfletaim g iwdetein theivhorddslonahantibody blocks

nqcl gnal anti of , .cl ai wher ei n t he nonocl ona
gﬂ?ﬂﬁ%ﬁngg@@mhgggﬁfﬂﬁuﬁﬁﬁﬁgbigoes not activate human
TrkC. 16. The nonocl onal antibody of claim15, wherein
t he nonocl onal anti body exhibits no detectabl e binding

weZh hihemonpeona patibadydeiaimdi], vherin teynatockopkditidody
2Bl5k s Hhee BTG DS AasfBian ol IATFER ) B2 Fge g abou

1500 phetoeibbutt 306 nwpnocl onal anti body exhibits no
det ect abl e bi nding with human TrkC and/ or does not

cause any detectable activation of human TrkC at

. b i b N
o3 boft FARSEAISHANS FIRME 20 MMl ot
nblookd tha dindiny bddwelyn BRNFintihunandékB otidbarel (3 imotha gange of about

mié@eﬁgna TrkC and/ or does not cause any
d 18128qwt i ¥t i on of human TrkC at anti body
concentrati ons above about 100 nM 19. The nonocl onal

anti body of claim 15, wherein the nonoclonal antibody
e¥hi bi The nonddoea palbadymifietiimg wivhbreiniin monhokicnalraitibody

S RS B A Bl TR G o

100 pM to about 500 pM.

25.  The monoclonal antibody of claim 1, wherein the monoclonal antibody does

not block the binding between BDNF and human TrkB.

26.  The monoclonal antibody of claim 25, wherein the monoclonal antibody

exhibits no detectable blocking activity at antibody concentrations above about 1 nM.

27.  The monoclonal antibody of claim 25, wherein the monoclonal antibody
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20. The nonocl onal anti body of claim 10, wherein the
nmonocl onal anti body does not bind and/or does not

w@edosazied human TrkC. 21. The nonocl onal anti bpdyusf006/021878
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claim1, wherein the nonocl onal antibody bl ocks the
bi ndi ng between BDNF and human TrkB. 22. The
nmonocl onal anti body of claim2 1, wherein the

, I o T =

TRARRLAT A BB e hE) QReBRLIRRE A 1

pikM.o about 500 nM 23. The nonocl onal anti body of

claim2 1, wherein the nonocl onal antibody bl ocks the

bi ndi ng between BDNF and human TrkB with an 1C50 in

t ra |- : 1- :

rogoc ) oagePRRH B A ERg vineleid e ol anibody

mexinibitonatetacteblb btbekngactisityt eantibod}i crgpcomtatieanatBBREbout 100

and human TrkB with an I C50 in the range of about 100

pM'to about 500 pM 25. The nonocl onal anti body of

claim1, wherein the nonocl onal antibody does not

bl ock the bindi ng between BDNF and human TrlcB. 26.,

TB8. nodde nmwarloaptantibedy ofclaimad mvdsreipthermaprpcignal antibody
l.onal i i Bj . . J '

B e e T

27. The nonocl onal anti body of claim 25, wherein the

nmonocl gnal antj bodyexhi bits no detectabl e bl gcking,
aébi vi thie mongglopplFaibedy ik (gheEcin s mondsigRel aibogy has an

281 nocl onal anti body of claim25, wherein the
rr?;%]%%:rggﬁg}g anti body exhibits no detectabl e bl ocking
activity at anti body concentrations above about 100

n 29, . The nmonocl onal . ant i.hod f claim25 -wherein

R o BEFORAF OB ORGSR 1o hecein Sa-propiiy T aibbdy has an
bhé@ﬁﬁg%%ﬂ&t ivity at anti body concentrati ons above

about 1 30. The nonocl onal anti body of claim!]l

5wherei n the nonocl onal anti body has an 1g3 i sotype.

ﬁé%blr #%‘o%%@ﬁ%@%ﬁé@bgﬁdai% 1,%}%5& %he r\ll\l@%c%n%l gltﬁﬁ)ody has an
IgG2b isotype.

33.  The monoclonal antibody of any one of claims 1-32, wherein the monoclonal

antibody binds and/or activates murine TrkB.

34.  The monoclonal antibody of claim 33, wherein the binding with murine TrkB

has an EDsy in the range of about 10 pM to about 500 nM.

35.  The monoclonal antibody of claim 33, wherein the binding with murine TrkB

has an EDs in the range of about 10 pM to about 1 nM.

36.  The monoclonal antibody of claim 33, wherein the binding with murine TrkB

has an EDsy in the range of about 10 pM to about 500 pM.
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| g&a isotype. 32. The nonocl onal antibody of claiml1,
wherei n t he nonocl onal anti body has an | g&b isotype.

W@ 306/TbBa64onocl onal anti body of any one of cl aPeyud208&2021878
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wherei n the nonocl onal anti body binds and/or activates
murine TrkB. 34. The nonocl onal antibody of claim 33,
wherein the binding with nmurine TrkB has an ED50 in

T ool RErh B oo Ry g lvigng TG musine o
WhadarTBDi e the iz déabatt EORA tb abdutd 00@Mje of about 10

pMto about 1 nM 36. The nonocl onal anti body of claim
33, wherein the binding with nurine TrkB has an ED50

i gt he Thé ﬂ%ﬁoag%%glgﬂﬁ?cﬂ}g?wiﬁol %@{%\Aﬁéin ﬁ&%@ﬁéc@gbnal a_rﬂﬁ)ody binds

nmonocl onal  ant | al m 33, erei n the bindi n%
wohé onborth néthErekBopeaof AnmeDIekB withtsequenaereKNE YAHOR(SEQ 1D

Nt h kit BB SN onal “ant | hody bi nds one or

both of the epitopes of human TrkB wi th sequences
KNEYGKD (SEQ I D NG 7) and KGNPKP (SEQ | D NO 81. 39.
TR8. noibe msmatloasltantibedy eficlaimal Snvadsreipthermapnpcianal antibody

ot 05 p LB IREYr sl iR TR i el o
NGEQ IBINO RFNKRGNSEP (SEQMDNO:940. The nmonocl onal

anti body of claim1, wherein the nonocl onal antibody
bi nds an epitope of human TrkB with the sequence

Elyh VGE . .ot i.anal: : .
CORYCERd Sy 5Pl R s R oy i
1 an Epitopemihotmn Ak Brwtithothe yequéned BNEVEED @#EQ EDN@HE) and

ORI B i aH R e BRSPS RER LB D8 (R IDNO:1D)

nmonocl onal anti body that is produced fromthe
hybri doma deposited with the ATCC on August 18, 2005
add. havihagnonpcionplansihedydefdaint 44 edicgma thegnomrienabaniiody

or. fro prageni t cel l. t.hereof . 43, I I X
creit R RAEPR iR by SR FRITREER RBR payo:10)
Wi th
42. A monoclonal antibody that is produced from the hybridoma deposited with
the ATCC on August 18, 2005 and having ATCC patent deposit designation PTA-

6948 or from a progenitor cell thereof.
43. A monoclonal antibody that is produced from the hybridoma deposited with
the ATCC on August 18, 2005 and having ATCC patent deposit designation PTA-

6949 or from a progenitor cell thereof.

44.  The monoclonal antibody of claim 1, wherein the monoclonal antibody binds

to the same epitope as the monoclonal antibody of claim 42.

45.  The monoclonal antibody of claim 1, wherein the monoclonal antibody binds

to the same epitope as the monoclonal antibody of claim 43.
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the ATCC on August 18, 2005 and havi ng ATCC pat ent
deposit designation PTA- 6949 or from a progenitor

w@edob/1sher eof . 44. The nonocl onal anti body of PCHUS006/021878
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wherei n t he nonocl onal anti body binds to the sane

epi tope as the nonocl onal antibody of claim42. 45.

The nonocl onal anti body of claim1, wherein the

nonocl onal anti body binds to the sane epitope as the

nonocl onal anti body of claim43.46. A hybridoma that

p héduc @Shﬁ:)rniaﬁmcthammd)duam 4 hodyclaxd antiboty dcoording toraey ofie of
ia 41. 47. A hybridonma deposited with the ATCC
a}lr\B@tle‘ltl 18, 2005 and havi ng ATCC patent deposit

deS| gnati on PTA-6948 or a progenitor cell thereof. 48.

A hybridoma deposited with the ATCC on August 18, 2005

akd. hawi hypritlpae denesdiet Witipibe ATGL2 o drvigstds, BO0S Bddaving ATCC

R A s BT st B RERRE

I mmunogens that were derived fromTrlcB proteins of

d| fferent species; and fusi g%s |l een cells fromthe .
f&uni Zebybariorrs deppsited it th l'égi P8 AvguErl§ & apd having ATCC

h n the at
éQfeb@?&‘\%sn g‘S‘:)Stl%mmglln %ﬂ%ﬁg (rjl&;r aﬁ%@%e’ﬁ‘g%?cel 8{e§ f i mmunogen

that was derlved from hurmn TrkB and a second

i no en h t was derived froma non-human TrkB. 51.
T%gu ’8 CEIRI'?&0, wherein the first imunogen

i ncl udes e I QTR :

t he second m%énn(r)%gﬁgllwh%ﬁadlgs thgp g&?l?g&gg] %Pé_?égr@ﬂgdgqn\geir%denved
offrom TiiB protedms ofrdidreiZpedibsg angt hod of cl ai m 51,

oner o Ayl sch atls FOTHBE SRR e A5 baf cayelome gelfs g produce

t By gﬁ@&ﬁacon& sting of nurine Tr kB rat TrkB and
chi cken TrkB. 53. The method of claim52, wherein the
second i nmunogen includes the extracellul ar domain of
m4pi ne ik lﬁ%ﬂg’OA& of-ETthr@ %greﬂ{ ’[(51% la? B30 pmgfn%hﬂn&rgﬁens include
first immunogen an é's
a first immunogen that was derived from human TrkB and a second immunogen that

was derived from a non-human TrkB.

51.  The method of claim 50, wherein the first immunogen includes the
extracellular domain of human TrkB and the second immunogen includes the

extracellular domain of a non-human TrkB.
52.  The method of claim 51, wherein the second immunogen includes the
extracellular domain of a non-human TrkB selected from the group consisting of

murine TrkB, rat TrkB and chicken TrkB.

53.  The method of claim 52, wherein the second immunogen includes the

extracellular domain of murine TrkB.
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I mmunogen are adm nistered in the inmmunizing step in
anounts (by weight) that have a ratio that is greater

WO baa/13daeut 1. 55. The net hod of cl ai m 54, wheP€I/nS1006021878
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ratio is greater than about 5. 56. The nmethod of claim
55, wherein the ratio is about 10. 57. The nethod of
claimb5l, wherein the first and second i nrnunogens do
ngY. i Nathe deetiidtyofflaibi ), WHeRSh ARIHS 1hﬂﬁ\lno§51?aﬁcpﬂi@ Qecond
outsi de of the extracel | ul ar domain of TrkB
hyipEvaess arh admipsiensd irethg doonaizing step trtmnmﬁm@w vediglamhat have
0 The nmet hod of any one of
?%MQIﬂ%t%é£§¥é%§%%%mggﬁpr|S|ng generating a
nDnocIonaI anti body fromthe hybridoma. 60. A
2gnocl anahgo y that was nmade accordlng to the
Phod 8¢ e, Wherpgt thedatyt Isgaeaterahamapontidan
TrkB in an individual, conprising: adm nistering to an
i ndividual, a therapeutically effective anmount of a
méhoc| dhamedimd dfodhimots, sigreomthe ofiticisabost 10- 41. 62. The
met hod of claim 61, wherein said individual is
suffering froma neurol ogi cal condition which requires
asyi vathemeHodldtehimb, wheRidE 1R 8k s@éoﬁﬂ'ﬂnﬁﬁm ens do not
wherei n the nervous system of said 1 ndividual ha% been
i Hjclidsdnt ! theganine acigdsithgbarg fourgommsiilaof thakatradenlar domain of
rrq%ﬁ)ool ic disease, malnutrition, a malignant tunor or
a toxXic drug.64. The nethod of claim61, wherein said
individual has suffered a stroke, a spinal cord
ng ury, @n axotony. 65. The nethod of claim®6l,
rei A @’zhr omadhayives éllladies@"%(ﬁflmé tp the methed af avrpsrmifclaims 49-
ok7neur odegenerative condition. 66. The nethod of
claim 65, wherein said cond|t| on is selected fromthe
group consisting of Al zheiner's disease, Parkinson's

di t t h | at I
o er o lhe a8 ohe pE BRSPS SR SN wher e
sai d wgmtﬁfgad ma ARSI HI IR 1S bRG0hS

60. A monoclonal antibody that was made according to the method of claim 59.
61. A method of activating human TrkB in an individual, comprising:
administering to an individual, a therapeutically effective amount of a

monoclonal antibody of any one of claims 1-41.

62.  The method of claim 61, wherein said individual is suffering from a

neurological condition which requires activation of TrkB.
63.  The method of claim 61, wherein the nervous system of said individual has

been injured by a wound, surgery, ischemia, infection, a metabolic disease,

malnutrition, a malignant tumor or a toxic drug.
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sai d individual parenterally. 68. The nethod of claim
61, wherein said nonocl onal antibody is adm ni stered

wo o00sasxed ndi vi dual i ntravenously or interperiPONEsi0g021878

10

15

20

25

30

69. A nmethod conprising: conbining a nonocl ona
anti body of any one of clains 1-41 with a sanple that
i ncl udes an anount of human Tr kB under conditions that

alttow Speaidthad dfi dledin§), belerwnesnid heliviend thondterans sRaQYa spinal
and human TrkB; and detecting the specific binding,

t KEIEBIY 10428 3K9'REYt he pr esence of human TrkB in the
sanple. 70. A nethod conprising: combining a .

nmonocl onal anti body of any one of clains 1-41 with a

s&p| e Thaatethadoifielim Gn wherimsaidindivideea E')sTsderitlgl ﬁlﬁfn a congenital
c Ltions that all.ow specific binding between the
ngﬁg%ﬂ&%%ﬁn%ﬁﬁeb%&f}%é’ﬁd human TrkB, thereby producing

an antibody- TrkB conpl ex; separating the

anti body- human TrkB conpl ex from the remai nder of the

sanpl eﬁﬁﬁ@t@pﬁrﬁ&im@a whereimai beanditfandsnsélected fiFmkiBe group

t E@t{sﬁlﬁ}ﬁg %E’M’iﬂ%hﬂ&’?&igéafsé,%ﬂarlgrlljs%ns c-lli-ge!agel? Huntington’s chorea, and

amyotrophic lateral sclerosis (ALS).

67.  The method of claim 61, wherein said monoclonal antibody is administered to

said individual parenterally.

68.  The method of claim 61, wherein said monoclonal antibody is administered to

said individual intravenously or interperitoneally.

69. A method comprising:

combining a monoclonal antibody of any one of claims 1-41 with a sample
that includes an amount of human TrkB under conditions that allow specific binding
between the monoclonal antibody and human TrkB; and

detecting the specific binding, thereby indicating the presence of human TrkB

in the sample.

70. A method comprising:

combining a monoclonal antibody of any one of claims 1-41 with a sample
that includes an amount of human TrkB under conditions that allow specific binding
between the monoclonal antibody and human TrkB, thereby producing an antibody-
TrkB complex;

separating the antibody-human TrkB complex from the remainder of the
sample; and

separating the antibody from human TrkB, thereby obtaining purified human
TrkB.
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