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61:553,1 3 1,,lited ( ):101,er ::s. 20 I 1 , A..no 1 '.s. Provl=„ional 1.1. :Lcr! ,11,p;ic:!,.!, \, 

n1.7 1 1,4601Rod ( ktohcr S, 2t)i 1, clIt.'. ': of ‘k hici: IN It:k:oroof x.c.ii f)y re: et et io• 

entirety for all purposes. 
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14)0021 	The ‘sck.iiienie I 	stin}; v n;teri m filo 42-tX5-`:#4SQL,ISI -!' ! :-ti 	s I+ ,  '1 >.  ICS a:;  i 

'vas created 4 :ii t ktober :17-4—..70 I .7 	111e intOrmatiOn.00,1110110d.4.11:4 . ak :is **by 

incorporated by reference. 	• • • . 	. . 	. 
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11)0031 	s;:,nue le i t ioi xt ihi,:,,; ;1 ',,,,, orm,,,,, I ,i „, L e'4,), .!. 	hot 	% 	,...{%.1!...t., ( i 	!MS ) 	3T1' 

' %i1:1` 1"':"11-"' 	tkgenerZ11;0: 1 	, I 11V d011:11111:let:Llt 	,. \all:. Ilrolor ,,hela114 4,.,., 

etigfiltiVC 111101rTheill, Ithd fOrtrailltill of I A.At. si nt 	c,, (Lil) ankl:or Lewy ncurnes. 

(MeKeith et al.. Neurology ( 1996) 47.1 I I3-:'- 	Synueleimipathik,...s include 

Parkinson's disease (including idiopathic 	rkinson's disease), I )itruse Lcwv Body 

I ticaNe II )1.111)1 aistAtioveil ;.,, I vcmcn .a ‘k ith Li."‘A' 	liOdle• ii)1_111. 	Iva.). hody 

' ;1rialy ul  A ii!lei ingr.4a-dhcma:(.14-1 ' . ( brabibc-d .oarhenner':, and Parkinson disease, 

pure autonomic failure and multp ,c system atrophy (NIS A. e.g., Olivopontocerthellar 

Atrophy, Striatonigral Degenevit on and Shv-Drager Syndrome). Severld non motor 

s.1g10. and 4niptoms are tho g11 to be harbingers for synucleinopathies in the 

prodronal pittigc Of the t seAxec (i-c, the pre:v ;zip!. Iktrath . -,uhc lin ical. prec I inica i , w 

prvutotor po ,Ni. I, 	SIt  3 call:. -,TriK itkiadt:, P.I. 	,.,.viip.p4... 1< INI sicer 1.xyhaviot. 

diNotder c RBI)). lu 	_ olt,incll and k:OnNt !pat ton ( klahowald et al . Neurioiogy (2010) 

/5:48S-1S9). 	I. 	vy Pody dise;:t!ieS i01111110C IA) 	is Z1 1/4:otlunon cmtse for movement 

disorders ant cognitive deteriotalkni in ilic aging population r(i:lasko et al-. Arch. 

\ourol.  I I 	9.. )7;1 N8s_115, 

10004 	Alpho-iyintelein k part or a largo fiimily uf protents includiq bent- and 

1411 11111-  SYnticlein and sYnore1111 	All3n;e4Y1:11ciein.i, ekpressed in the normal state 

. ssociated kvith synapses and i.; Ix' 	wt! to play a role .t.i ileum! plasticity, learning 



and vr.len;ot•, 	!,(.'..-1-.3; ,tudic% na% 	unplica:ed alpila-sying:Ic71 ,,,,,,I, a centntl ;vie in 

P() rithogenesis 	I he pigw ir 	-11 ,4„,,.,xe-,2..1,::, fotir insoitible fibril$ m palhological 

Q0nditions. 	For example, synudein accumulates in 1 H, (:spiE;ottliii et al,. -Nature 

t194)7)188-.X 49-40; 	Fakeda ca all., .1. l'athol. (199S) 15..'.: V,"- -72: \Valwbayashi et al.. 
, 

Neurosc,.. I cit. t 1997) 239:45 , 8r. 	Mutations in the alpha-s:kyrick lent gene co-segregat 

with rare familial formslifpark,M$OrriSm (Kruger et AL, riattm: i K:71 i 1; `PiS 	I N: I() -8: 

Polymeropoulos„ et al., Sderi:e it01)276:2045-7). Over expre,,,i.wi of alpha 

synuelem in tratts1...!enic mire ; Nlashah et al.. Science t...'!i0(.;i 2 	I .'r ,-. 'it . ti, 

Drosophila (Featly et al,. Nature C.00(i) 404:34 /.4-8) iii ni.;es 4everal path2rogi..al 

aspects of I C.W> 1X)41y discasc, 	111 addi11011. it .1111S be•CnSeir,p;!‘s1c'd thatilluble 

ow: K,:\. et al., Pr 	Na!4:t 	Acad Sci f .,..., nucl ci n 1n* be neanitoxic tt'nw, oligumers o 	.- 

l SA (.200(() 9747f 	C76; VoliesNII. 1 arisbury Pi , Jr itiochc 	.i,-,.--  i 2001 i 42:7!•;71 

7K78). The accumulation of ariiw,,Flucion \so smulat in , -thological and 

neuroo2ical aitorancu,,s in spec.;c. azil .minia; model,. aS 	,C7 ',C ;17, 	alliiii1P-,, ili%2C. and 

!lie,  • ugresis that !ho.puoitv-utt.ceattribUtet. tip the de: 	taproot Of I c‘ky bod,. disease. 

SUMMARY ()F THE C'1..11:1 	:1) IN VEN'll-ON 

Inoll'31 The invention provides antibodies, coin 	sing a ina;nic humanized Ilea% 

chain variable region comprising the three 15iabat (1)Rs o: 	-:1 (t it ) 	4O:11, and heiug 

at least ')()% identical 10 SH) II) NO:111lid a Inuminizedln, iit k hain comprising the 

three Kabat CEWs of SFQ ID N1 Y..1, : id being at least :)41”, identiCal 10 SLQ It) 

NO:4. 	In some antikhlics, the RNA irie heavy chain variable region is at least 9.5'1;,, 

961',.,,, 97r,r.,;.,, kr$'1,- „ Or Ise.',. ident: 	, 	SFQ Ill NO:11 ;od inatim.7 light chain variable 

region  i.:, a t Ica:T  6,' 	,,, 01,`'... 	_,, 989 - 	or 	99'"--.;. identical to SK)11.) \O'4 	In some 

antibodies position I. :4)1;.-L aha: numbering) can be occupied IrJ V or r, position 1,,N3 

(Kabat numbering; c; 	4e (.!‘ectipicdb) I' or I., position 11:3 its::kbat numboino can 

be occupied b- N, N. k 	and po,,..noli i14.).; ilcabat nuiribvrni.4i ,-,-,:n  he ot, oiricd b; 	A ,,i  

S. In some ot st 	1l antibodies the amino acid sequence (1t the mature heavy chain 

variable regi 	is otherwise that: of SEQ II) NO:II and the amino acid sequence or 

the matter 	' chain variable region is otherwise that of SEQ ID NO:4. 

100444 	n some antihodic,s, the n iature heavy chain variable region has an ammo acid 

cqt 	•,.. designated SI (..,, II) INC 1:8 and the mature light chain I.:triable region ha.s an 

a 	uto acid sequence designated SEQ ID N(): 3, in some antibodies, the mature heavy 

chain variable tegion has an antino acid sequence designated SEQ.  ID NO:S and the 
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mature light. chain variable rt.n.lion has an amino acid sequence designated SI:.() II) 

N( 	In some antibodies, the mature. heavy chain variable region has an amino acid 

Sequatee designated SI'.() II) NO: 	and the mature light chain variable region has an 

amino acid sequeinie designated SI .1,;) II) NO:5. En sonte antibodies, the mature heaves' 

chain variable region has an amino acid sequence designated SFQ II) Ni):') and th• 

mature light chain variable region has :m amino acid sequence designated SFQ 

NO:3. In some antibodies, the mature heavy chain variable region has an an i1io acid 

sequence designated Sh.(1) II) NI 	and the mature light chain variable re i'On has an 

amino acid sentience de.,:;ignated SF() II.) NO:4. lit some antibodies. tl • mature heavy 
1 

chain variable region has an amino acid sequence designated SEQ V) NO:9 anti the 

mature light chain variable region has an amino acid sequence digitated 814.) 1.1) 

NO:5. In some antibodies, the mature heavy chain variable region has an amino acrid 
/ 

sequence designated Sli(;) II) NO:10 and the mature light eliain variable region his an 
: 

amino acid sequence designated S14,,) If) NO:3. In somiantibodies. the mature beav:s• 

chain variable region has an amino acid sequence de.  Ieriated SEQ I1) NO:10 and the 

mature light chain variable region has an amino 1 	id sequence designated SE;) II) 

NO:4. In sonic antibodies, the mature heavy ekilain variable region has an amino acid 

sequence designated SEQ II) NO:10 and dr- mature light chain variable region has an 

amino acid secuenee designated SI.:(,) .11 	• ( :..:. 	In some antibodies, the mature heavy 

chain variable region has an amino a 	d sequence designated SEQ II) NO:1 1 and the 

mature light chain variable region 	as an amino acid sequence designated SH.) II) 

NO: 3. In sonic antibodies, theiti:iture heavy chain variable region has an amino acid 

sequence designated SEQ 1VNO: I I and the mature light chain variable region has an 
, 	. 

amino acid sequence oesOnaten SFQ II) N(.):4, In some antibodies. time mature heavy 

chain variable Feyion I as an amino acid sequence designated Sl(,) II) NO:1 1 and the 

mature light chain 	ariable region has an amino acid sequence designated SD) 11) 

NO:5.  

190971 The i 	-ention further provides an antibody comprising a humanized heavy 

chain con 	rising the three Kabal C1)Rs of SI'.0 II) NO:11 and a lu 	light 

chain e 'uprising the three Cliks of SEQ II) NO:4 provided that position 1:3(; (Kabat 

nun 	clin)g) is occupied by F or V and;or position I :;.c.3 (Kabat numbering} is occupied 

h 	1, or F andlor position 1173 t Kabat numbering) is occupied by 1) or N, amid./or 

position 1193 (Kabat numbering) is occupied by S or A. In twine such antibodies, 

position 1.36 (Kabat numbering) is occupied by F and position 1173 (Kahat 



numbering) is occupied by 1 ). and position I PI3 (Kabat numbering) is occupied by S. 

In some such mitibodies, position 1,36 is occupied by 1:, In some such antibodies. 

position LS3 is occi lined by I .. In some such antibodies position 1173 is occupied by 

0. In some such antibodies, position 1193 is occupied by A. In some such antibodies, 

position I..36 is occupied by 1' and position L83 is occupied by I.. In some such 

antibodies, position L.3(! is occupied by I  and position 1173 is occupied by 1). In sAne 

such antibodies. position 1.36 is occupied by I' and position 1193 is occupied by A. In 

some such antibodies, position 1.36 is occupied by I', position I .S3 is occupied by 1. J..  

and position 1173 is occupied by 1). En some such antibodies, position 1.;leO is 

occupied by F. position 1.S3 is occupied by I. and position 1193 is oc%.iiipicd by A. In 

sonic such antibodies, position 1, 3E) is occupied by F. position 1..h,Vis occupied by 1-

position 1173 is occupied by 1) and position 1193 is occupied by/A. In some such 

antibodies. residues at positions 1.36.1.,83, 1173 and 1193 (Kabat numbering) are 

occupied by amino acids as indicated in Table 1 is occupied by F and position 1.173 

(Kabat numberin) is occupied by 1), and position II.9,V(Kabat numbering) is 

occupied by A. In sonic such antibo,ties, position 1A6 (Kabul: numbering) is occupied 

by F and position 119 1 (Kabat numbering) is oi.:ctipied by S. 	In sonic such antibodies, 

position 1173 (Kabat numbering)) is occupicd)iY D and position 1193 ('Kabul 

numbering) is occupied by S. In some such antibodies, position 1(33 (Kabat 

numbering) is occupied by I) and positik)ii 1193 (Kabat numbering) is occupied by A. 

In some such antibodies, position 119;1 (Kabat numbering) is occupied by S. In sonic 

such antibodies, position 1173 (K,abat numbering) is occupied by N. In t4Onte such 

antibodies, .position 1.3(? i Kabat raimbering) is occupied by I:, position I.R.1 t Kabat 

numbering) is occupied by,,L, position 1173 (Kabat numbering) is occupied by D. and 

position 1193 (Kabat numbering) is occupied by S. in some such antibodies, position 

L36 Kabat numbering} is occupied by F ,position L.83 (K.abal numbering) is occupied 

by I. and position.,93 ( Kabat numbering) is occupied by S. 

[011(18.1 In any 9( the above antibodies, the mature heavy chain variable region can be 

fused to a 1i9f.ivy chain constant region and the mature light chain constant regiim can 
/ 

be InseilSi a light chain constant region. 

(0009 	In any of the above antibodies, the heavy chain constant region can be a 

mutant torn of natural human constant region which has reduced binding to an Fey 

iceptor relative to the natural human constant region. 
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100101 In any of the above aillibOdies,L the heavy chit n Cots 	; Ill region cats he of 

human 1146 I isolypc. In slum alntibotlies the irElotyp 	is t i lm 6. 	In some anti/N.4111 s. 

the atlotype is (:i I m I . 

100111 The invenuon further provides a nucleic acid enccliling any of the above-

menitc)nid tnaturi heavy chain variable regions and or any or the above-mentioned 

mature light chain variable region, e,g., SFQ II) Ni is15, 17, I S, I i), and 20. 

[00121 The invention further provides a host cell eomprisattg, 1pr. 	.., any 

of the nucleic acids described atioVe. 

10013J The invention further provides a method of treating a patient ha 	rig oral risk 

of at I ,owy body disease. comprising administering to the: patient an 	ective regime 

of any of the aboYe-Inentioned antibodies. In .soine methods, the 	i 	ase i.s 

Parkinson's disease 	lit some methods, tl 	(11 	gEitIV 	4 	kiton 	.:i the patient is 

inhibited. 	In some inethodsw.newiiicandlor:oxonai alphamelt. aggregates are 

reduced. In some metlaids, neuritic dystrophy in the 	is reduced. In some 

methods. synaptic and or dendritic density is press 	d.:some   methods, the method 

preserves synaptophysm and or MA P.'. in the pat.tit.  

100141 The invention further provides a ineth«if trim t ig a patient laving or at risk 

01 synueleinopathy, compristi.,• 	1 	.r. to the patient an elreCtrve regime of any 

of the above-mentioned antibodies. In . 	ne methods, the ,'- 	• ,s 	:N rarkinSOWN 

disease. In some methods, the disco. 	is REM sleep behavior disorder (R131)). hi 

some methods, the disease is I h,-• 	t 	with Levvy I3odie\ ( I )0) or multiple system 

atrophy ( %ISA). 	In some m t 	K . 	6n:1111i: of co nit 	C tilla 1100 ;:i the patient is 

inhibited. 	in sonic meth( 	:agtrulc and or ilxM: " i.411:ti ';'.% 	' CM aggregates are 

reduced, 	In some meth! 	.S, netritit: dystrophy m the patient is tt in 	• ' 	Iii sortie 

methods, synaptic ai 	or dendrittc den It 	is preserved.Iv some tveti 	is, the method 

preserves Syria , 	"s01_10401-4/..A.P2 in the patient..  

100151 The in 	ntion 	further prolitioSmehods of detecting I..e\c y bodiesin a patient 

having or a risk of a I etvy body' disease, comprising administering kr the patient an 

effekstiv- znnouni of an) id' the alio\ c-mentitined antibodies, wherein the antibody 

bind 	o I .0wy bodies 	' bound antibody is detected. in some methods, the disease 

is 	rkinson's disease 	In some methods. the disease is Dementia with Lewy Bodies 

(1)1.1-3) tar multiple cy stein atrophy (MSA t. in some methods, the antibody is labeled. 

100161 "lie tin: entiontigther provides $ method of reducing I_ ewv body limitation in 

.1 patient hav nip Or afrisk 61-  a Levvy body disease, euinprwtig. idnutu: Leanh do the 
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patient an effective amount of any )f. the above-mentioned antibodies. In sonic 

methods;  the disease is Parkinson's disease. In some methods, the disease is 

Dementia with I .ewy Bodies (DI .14)(n multiple system atrophy ()ISA.). In some 

methods;  decline Of cognitive function in the patient is inhibited. 	hi sonic methods, 

neuritic itutior axonal alpha synuclein aggreyates are reduced. In sumac methods, 

neuritic dystrophy in the patient is reduced. In some methods, synaptic and/or 

dendritic density is preserved. In some methods, the method preserves synaptophysin 

and/or IV1AP2 in the patient. 

100171 The invention further provides a method of inhibiting swat:le:1u aggregation or 

clearing Lew); bodies or synuelein ag,gregates in a patient having or at risk of a Lewd 

body disease. comprising adininistering to the patient. an effective amount of any of 

the above-mentioned antibodies. In some methods, the disease is Parkinson's disease. 

In some methods, the disease is Dementia with l.ewy Bodies i,pI.I ,l) of multiple 

system atrophy is 	In sonic methods. decline of cognitive funetion in the patient 

is inhibited. 	In some methods, neuritic antifor axonal alpha synuclein iiggregates are 

reduced. In some methods. neuritic dystrophy in the'Patient is reduced. In some 

methods, synaptic and or dendritic density is preserved. In some methods, the method 

preserves synaptophysin amPor MAY 	ill the patient. 

100181 The invention .further provides a pharmaceutical composition eomprising any 

of the above mentioned antibodies. 

[00191 The invention further provides a method of producing an antibody. 

comprising culturing cells transformed with nucleic acids encoding the heavy and 

light chains of the antibody. so that the coil secrete the antibody; and [unifying the 

antibody from cell eulture.'media; wherein the antibody is any of the antibodies 

described above. 

100201 The invention further provides a method producing a cell line producing an 

antibody, comprising introducing a vector encoding, heavy and light chains of itti 

antibody and 	selectable marker into cells; propagating the cells under conditions to 

select forkiells having increased copy number of the vector; isolating single cells from 

the seleeted cell, and banking cells cloned from a single cell selected based on yield 

of antibody; wherein the antibody is any of the antibodies described above. Some 

.uch methods further comprises propagating the cells under selective condns itio 	and 

screening for cell lines naturally expressing and secreting at least 100 mg/ 1,1106  

cells124 h. 
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I$RIFF 1)ESCIZII'l 1,()N OF till FI(1I,I(Fti 

109211 	FIG, 1 	il!o\s s .111 .111;minern i ,rt14: ;mum) hi'.It:: sekinellueS 01 the inrental 

mutiny tnAb (referred 111:K 1119141 with the humanited 91..4 heavy titan' mature  

vtiritib!c tepion.. 	1701009111.014V1 H r (SL() 11) Nt ): i 1 iN human accept(r-  V„ 

sequence. 	CCM rel).ion, 	tcct)tkliit-.4, 1(1 Iciihai tiefinit ion ate Ilt:tiell iht.11.1:td itt .7.h..1:d. 

100221 	FIG. 2 shows an alillaiiet:t (.0:!te- amino a,..- ai se.ittent.es  (e. 	ihc.... p:trent.-   

t ourine niAb ( ...--c,....:;;;I-ct i 1,, ,.., ir, il 41 v. rl,, :he hain.-inired 91-.4 Iit.il: eimin ir..ture- 

vatlable Yegior.. 	6.3111.'sN'111101 -1 VI I . r tS1.0 II) Nt r.,' i 1-. lintimit ac...ep!i.,:-:\' 

st-\11101k:e 	CI-)R l'e:--ii01 *- ikscord111): to Kalxii dk...'iiilition ow iii:tietli:leki ,11I,(1 iii .i).k.i. 

100231 	F1G. 3  shows Ow !vsillts 0  I PaSNive innAllinilthe'..,ipy with 94.:41 on memor>. 

performance in probe port 14 q! i II thv Morris water maze test. 

100241 	EIG. 4 sl•low.11..k. R•sul:s ot iy.ssive itinnitnotimapy %)y tit 91'4 on .ipoed and 

:IT' tfs In the round beam :est. 

100251 	11G. 5 ‹'.1o.%. litinihnt tpl't:k.."1-$11:11;0:1 Of 1;.11.01.1• t, 	r-sti;. el" humant/ed 91..•'• 

an'.11)0die-; 10.kkarii• 	ii,  :itin.....en 1,:kon Iron' diseased tis:7tle. ( 1191-4: 	-1:i.r.;er ic 41 4: 

I I 11,3: I 1101:4V111.  1 	11101-4 \ 1 t 1: 1I..1.'.: 1-1u914 71 Ix 1 	111191-4 \ -1.1  '.'.: 11113: 

I Itt91...,1\711v3- 1.110141/I v.k -. N.S. 	Hitt)—pecitie 	/ 

1110261 	FIG. 6 shows Wt.:_si Lin hlOthillt Of r . sivilthillallt 1111111an s'!1.111Cleill With 

..-- 
In011set  chimeric anti itinitonized ,1F-4 mall 	'dies, 

BRIEF' 1/1.;( RIt/h()N OF TUE SFQE EN('FS 

100271 	Sr.() ll') \ 0: I 	). 1.::e 	In, 	tk 	::; id ...etinerice ol !!-.01 •1\• I 	.41i.C-!it: te:iiot:. 

10(12M1 	Si:.(:) 11) \A 1:2 t. th 	ammo d 	1 ea... sequence <lin ( 1 Ii2N:soi hot .i V Li r v;trialtle 

rel,14 in. 

190291 	til.',C) II) \1 ( 	is tire amino acid seenence of I It191,14\/1,v I variable region, 

.4,.' 
1110301 	tike,) 11)„NO-..1 is the ,anino acid :.equeni.v of 111191-..1VI v2 vttrubh: rce.ion. 

If 

€01)211 	SI:.9.11) N;{ 	.5 i, the .ttnino ;Wit] !.ekliii'MV Of i Ile )1' 4 V I v 	dal::').L! r,..1...i,,n. 

(oo321 	.(.) II) \(J........ the :ffip.:p•, Alkl:sequei:e,:o: iit.J1.4\ I I ‘anitNt: re,,ton, 

100. 	SF.(,) II) \( ): 7  r. He ;!Itiinc) al.  kl sequence oi I 79 low./1 11.014 1 *1 [Fr vatioille 

re :ANL 



../ , 

100341 	Sl'IQ ID -Ncxs is the ammo acid sequence of Ilu917.4Vliv I variable region. ,,i(  

100351 	Sti-Q ID N() :9 	:.t 	a tittt:tck actd sequence or liti9FAVIlv2 vFrrtable regn ' 

(00361 	Si :Q II) NO:10 is the amino acid sequence of I W91.4'1/4'11:-  ; variable/it-gum. 
/ 	' 

100371 	St-•,Q ID N(): I I is the amino acid sequence t' HuoV4 \ I Iv4 va4le rygion. 

100381 	I Q ID Nt 	12 1- the Nunn) acid sequence of natural humanAvild-typc 

alpha-synuclein. 

100391 	!•.1:(,) ID Nt r: I .; is du. amino acid sequence of linio:mire.(1 91'4 liOn k.i.,;,, r 

constant repion, with Arpininc at the \ tenninus. 

100401 	SI-t„) ID N( )714 is the :nnirno acid sequence of nriman 	ed '47,4 tic.7-41. 	chain 

constant region . 

100411 	StiQ IL)14015 ioi the nucleotide sequence.  of 11u9E4V Lv1 variable region. 

..-, 
1(0421 	SFQ II) Nt, ):16 is the nucleotide sekii,k-liLe of 11001-11'1 :2 :;:lEiablc region 

(00431 	SFQ II) \( ):17 is the nucleotide/Nilo-ice of I iti9F.:VI.r.73 Val tahlv region. 

100441 	S1(;) Ill Nt ): I N is the ntl<ii:otik segliCnic of I iii9EAV1i VI vDriahlt• region. 

(00451 	SiQ II) NO: 19 is the nuc l'.otide sequence of I iii9F4V1-1v2 :triable region 

100461 	SF( 11) Nt ):20 i 	!lietincleot!dv -4.1411:nix of Iliell',4 1 I 1: ; :ari....,:e reoon. 

100471 	Si() II) Ni ):::'.1 	iR 	.1:: nu.cc,'(11.ide .st:glIllliC tit I lit9F-IVI 1:4 variable letnon 

100481 	SE() II) NO:27 is the ammo acid sequence of Hu )l'4\ 	signal ptpi 

100491 SFS) II) NO-  ,. is the nucleotide sequene 	-.4.11t19E4VL signn1 peptide. 

100501 .1.(,) II) r .():24 is the .iiiiitio acid sequence of I iiii)VA VI I signal perdc 

(00511 	SE 	II) NO:25 is the nucleotide sequence tit Ilu9h..1V11 signal peptide 

100521 	FQ it) NO:26 is the Ilti9F4VI. consensus amino acid sequence.  

(905. 	SI'Q ID NO:?'' is the 110E4%711 consensus amino acid sequence. 

1 	541 	SRO) II) NO:28 is the amino acid sequence tit humanized 9E4 light chain 

c011g4011.1.vgion. without the Arginine at the N ,terminus. 



[00551 	SI4) ID NO: 29 is the amino acid stvienec of the version 31mmanized 914 

light chain comprising (a) a variable legion and (hi a constant region with Arginine 41 

the N.-terminus. 	 // 
1 

10056j 	SF(.) ID NO730 is the amino acid sequence of the version 3hinnonize 	.4 

light Chan' Clm-pristng at a variable region and (h) a coastal)l region without 

Arginine at the kaerminus. 

, / 
10057t 	SW ID Nt►;.11 is the amino acid sequence of the version 3 hoinainied 904: 

../ 
heavy chain comprising a variable legion and a constant region. 

100581 	SLO ID NO32 is the amino acid sequence of the fill' .Version of humaniXed 
...- 9E4 heavy chain 01403  allotylv constant region. 	,. 

IWFINITMNS 	/ 

100591 	Monoclonal antibodies are typically provideArin isolated forth. `('pits means 
, 

that an antibody is typically at least 50% w-iw pure/4f proteins and other 

macromoleculeik arising from its production or 	itication but dots not exclude 	4.,  

antibody is c,-anbined with an excess of possibility that the mono(.7lonal 	 r 

pharmaceutical acceptable carriers) or olijA vehicle intended to likcilitate its use. 

orne:iii!e,  :iionkii:1‘onal antibodies are al least (10tk.i, 	70',:i. tiOqu, 90%, 95 or 99", W W'  

/ 

PUT,'  ' ,1 ro!cins and other macromol,&ules from inoduction or purification. 

100601 	Specitic binding It a inotioc:onal antibody to its targei antigen means 311 
, 

affinity of al least ltf, 10', I 0'4 I 0'', or le M -. Specific binding is delectably higher 

in magnitude and distinguishable from non-speeilie binding ()centring to at least one 

unrelated target, Speeiti 4inding Lan he the result of formation of bonds between 

parti,, lila titnetiOnal .y/Oups or particular spaiial 	le.g., lock and key type) whereas 
/ 

nonspecific bin din 	is usually the result ()Ivan der Waals forces. Sp 	fie binding 

does not howev 	necesirily imply that a monoclonal antibody binds one and only 

one target. 

100(111 	I 	• basic .mils (ly structural unit is :: kgraltitn 0I- Nuhunits. 	Each tchamer 

:net ude -  'WO identical pairs of polypeptidc chains, each pair having one "light" (about 

.27.,  k .'s iii and one "IleZ1Vy 	chain (about 50-70 kDa). 	.I hi amino-terminal portion of 1 

ei 	h chain includes variable region of abou: I00 to I 10 01 ntinc amino acids primarily // 

responsible !Or antigen recognition. 	!This variable region is inittaly eNpresscd linked 

to a cleavable signal peptide. The ‘ariahle region without the signal peptide k 



sometimes reierred to as a mature variable. region. '.1hus. filr example, a light chain 	

j. 

mature variable region means ci light chain variable region without the light chain 

uia1 peptide. The carboxy-terminal portion of each chain defines a constant region 

primarily responsible for effector function. 

100621 	Light chains are classified as either kappa or lambda, I leavy eb aim) ,are 

classified a gamma. mu. alpha. delta. or epsilon, and define the antibo(ly's:isotype as 

1p,(.3, IgM lgA Igl) and lgl:.. respectively. Within light and heavy ...1-iainS the variable 

and constant regions are joined by a ".1" region of about 12 or more amino acids, with 

the heavy chain also including a "1)" region of about 1(1 or more albino acids. (See 

generally, Fundamental Immunology (Paul, W.. ed.. 2nd ed. Raven Press, N.Y., 1989. 

('h. 'I, incorporated by reference in its entirety fin all purposes). 

100631 	The mature variable regions of each iighttheavy chain pair 'unit the antibody 

blueing, site. 	Flats, an intact antibody has two binding sites. 	1.ixcept. in bifunctional or 

bispecitie antibodies. the two binding sites are the same. The chains all exhibit the. 

same general structure of relatively conserved framework regions (FR) joined by 

three hypervariable regions, also called complimuoitarity determining regions or 

( T.)1(s. The CDR:: from the two chains of each pair are aligned by the framework 

regions. enabling binding to a specific -epitope. From. N-m.orminal to (•-terminal, both 

light and heavy chains comprise the domains ER 1, (1)R1, FR2, (1)1t2, FR3, C1R..3 

and FR,1. The assignment of amino acids to each domain is in accordance with the 

definitions of Kabat, Sequences of Proteins of Immunological Interest (National 

Institutes of 1 lealth, Bethesda, Ml). 1987 and 1991), or Chothia &. Lesk. J. Mol. Biol. 

106:901.917 i1987); (ihothia et al., Nature 342:878-8K3 (1089). Kabat also provides 

a widely used numbering convention (Kabut numbering) in which corresponding 

residues between different heavy chains or between different light chains are assigned 

the same number (e.g.. 1183 means position 83 by Kabat numbering in the mature 

heavy chain variable region; likewise position 13(i means position 36 by Kabat 

numbering in the mature light chain variable region). 

1(100.41 	The term "antibody" includes intact antibodies and binding fragments 

t Creel*, Typically. t'ragments compete with the intact antibody from which they were 

derived for specific binding to the target including separate heavy chains, light chains 

Fab. Fah', F(ab.)2, Hable, diabodies. Dabs, nanobodies;  and f'v. Fragments can be 

produced by recombinant DNA teeliniques, or by enzymatic or chemical separation of 

intact immunoglobulins. The term "antibody" also includes a bispeeific antibody 



anitor a humanized antibody 	 bifunciant 	antibody is an art finial 

hybrid antibody having two di Teren 	C2 	. halt chain pairs and two different binding 

see. 	Songsivilai and fachmann., (lin. Fxp, lintrana40. 79:31 	121 (1990; 

t, 	• ',., J. Inuminof 	1.1;:b.)177).53.(1992i). 	In Wirt &fire 	"! • annbodiei. the ,,, 
. 

two kl!fiCreni heavr liat chair pliiry ineiurde a '•iiirninnied 91:.-1 Ilea\ y chanOght chain 

pair and i  licavY chain-light chain pair sPecific for a dirrcreni e tiope on i11010 

synuclein than that hound by '70L4. Humanized antibodies are diseusseiligenemily 

vblow in Section IV H. 

111(11‘51 	the term "epitope 	to a 	on an antigen to whicji an 	'Inds. 

An eptior can he forniM tram col 	gin ins amino acids or nutlkr ntiguotLs aminoacids 

twoaposed .)y ternary folding of t)ne or more proteins. I•pit 4 	tmined from 

contiguous amino acids are typically retained on exposurcrlo denaturing solvents 
,, 

whereas epitopes formed by tertiary folding are typical.A.' lost on tre-atinent with 

denaturing solvents. 	An epitope ty • 	ally includes 	4e list 3, and more usually, at 

least • 	S- -- i 0 amino acids in a IIDW.Itie- Spatial L 	ion. 	Methods of deli:mini 
/ 

spatial Ci. In f0:1113t103 of ern4.(pes :346/11,114 W 	P ".il eXal".. X - ' 	crystallography and 2- . i 
dimensi 	• lc 4 nAgrietkAtsuctangte, 	, 	. I.p:iope Mapping Vrtocols. in 

Methods in NIoleenlar Iiioloo, Vnt..66., :send L. -Moms. hd- 1194(0. 

ItI0061 	Antibodies thin recogaie thy same Or 01ellappilly epitopes can be identified 

in a simple. itnniulloassay NhOWITIg 	ie ability of one antibody n compete with the 

binding of another antibody to a argict antigen. 	the epitope of an antibody can also 

be defined by N-mv erystallo 	" )11\` t#t the atalbody bound to its antigen to identify 

contact icsidue•..Atternaiti e.f . too antibodies base the same epitope if all amino 

acid mutations in the ai 	e-n that reduce or eliminate binding of one antibody reduce 

or eliminate binding c 	the other, Two antibodies have overlapping epitopes if some 

amino acid minium s that reduce or eliminate binding or on 	antibody reduce or 

eiminate 'Muesli 	(lithe ()the! 

(110,671 	i.• on >cntion bow& sn antibodies is delerttrine(i. by an assay in which an 

anobod• u' der test inhibits 	"Vilic ittrrcilti.‘,cat a reterence antibody to a common 

antig i 	, c.g.. Junehans et al 	er Res. ;{t.149-,. 19,afi. 	A test antibody 

comp 1 -s with a reference antibody 	. 	in e \ cess or a  test aim body (e.g., at least  2x, 

) \ 	,I"tx. 2O 	or I 00x i inhibits i i; tiding of the reference antibody by at least 50'N.) but 

;elm/14/5%1kot,-, , , r -,,1" .. a., measured in a competitive binding assay. Antibodies 

identified by competition assay (competing antibodies) include antibodies binding to 

I I 



the same epitope as the reference. antibody and antibodies binding to an adjacent 

cpitope sufficiently proximal to the epitope bound by the reference ,nit ibody fir • 	lie 

hindrance to Occur.  

LOOM] 	A "paticnt" includes a human or other mammalian subject that receives 

either prophylactic or therapeutic treatment. 	 / 

(006q1 	For purposes of citissifying amino acids substitutions as eonservative or 

nonconservative, amino acids are g,rouped as follows: (iroup I (hydrOphobie side 

chains): met.. ala, vat. ten, ile: Group II (neutral hydrophilic side chains): eys, set, 

thr; Group III (acidic side chains): asp, gin: ( iroup IV (basic side chains): asn. gin. 

his. lys. aryt Group V (residues influencing chum orientation): gly, pro: and Group 

VI (aromatic side chains): trp. tyl, Ow. Conservative substitutions involve 

substitutions between amino acids in the same class. Nun-conservative substitutions 

constitute exchanging a member of one of these :lasses (Or a member of another. 

100701 	Percentage sequence identities arc determined with antibody 8equeuces 

maximally aligned by the Kabat numbering convention. After alignment. if a subject 

antibody region (e.g., the entire mature variable region of a heavy or light chain} i8 

being, compared with the same region of a reference antibody. the percentage 

sequence identity between the sublet: amid reference antibody regions is the number of 

positions occupied by the saine amino acid in both the subject and reference antibody 

region divided by the total number of aligned positions of the two regions, with gaps 

not counted, inultiplied by I 00,to coilvelt to percentage. 

1071] 	Compositions or methods "Comprising'.  one or more recited elements may 

include other elements itiqf specifically recited. For example. a composition that 

comprises antibody may contain the antibody alone Or in combination witli other 

ingredients. 	i  

10072] 	Designalion of a range or values includes all integers within or defining the 

range, and all saibrang,cs defined by integers within the range. 

10073] 	1..:41‘s otherwise apparent from the context, the term "about-  encompasses 

vithies Within the SEM an stated value. 

100741/ An individual is at increased risk of a disease if the subject has at least one 

knoWn risk-factor (e.g., genetic, biochemical, family history, situational exposure) 

pie anit individuals with that risk fhctor at a statistically significant greater risk of 
..9 

(kweoping. the disease than individuals without the risk factor. 

12 



10075) 	Tie term "symptom" refers to a subjective evidence of a disease, such as 

alleled pit. tv4 perceived by the...patient A 'sign" refers to obiceti‘e evidence of a 	/ / 
,iis. cas,:! a.: 01)sei- ed by 	pk-wlan 

100761 	StztittittCal S 1 grrifiaintV TEW:irtS 7A) 05 

19077] 	"Cognitive function-  refers to mental processc, such a-!.; any or .ill of ,./ 

a7tenri0n, memory, producing, and understanding. language, solving problems/and 
, 

making an interest in one's surroundings and self 	.arc. 	 i 
' 

I(4)78i 	- Lahimet'd coginhve function" kw -improved cogniNe- fu09.1111" refers to 

improvement relative to a baseline, tOr example, diagnosis or initiat,iim oftreatment. 

-Decline of cognitive :function" refers to a decrease in function relative to such a base 
/ 

line. 	 / 
,/ 

100791 	In animal model systems such as n 	or mouse, 94'i..tnitive function may be 

measured h 	methods itsin 	a ttia/c in wttdi ,•;rliboitcl,‘ t 	C TAtiai inktnriahosta..g. 

Morri,, v, ;Ater wait% lialreN cavulai mate. :::::Aateki r .diai ;filii twill, j mate and 

()theist, feat conditioning, active sivoidance, t IUil 	1141' - 	'pen -field, dark activity 

meter. etc% ated plus-maze, Iwo -compartment -. plopito ' test or forced swimming 

test. 

100801 	II: humans-, cognitive function 	an ik• theatitireti by one or more of several 

..,,, I .E,: rdi,,,-11 iesK Fxample,.. of a It;;,  c a iissiv, Ita 1 /4.01imitive lii r.tuni werc described 

ittuoppila, I. and Sant:aim, T. Sca LI. J. Soc. Med. Suppl, 53,44-65, 1997) and include 

stands:milted psychometric test.° te. g. Wechsler Memory Scare, the Wechsler' Adult 

Intelligence Scale. Raven's . 	- ;Alard Progre:ssive Niatrices, Schaie- niursioric Adult 

Mental Ahilinei; lest i, n , 	op‘y-cholkilica',, :csts ic.i!. 	Ania•Nchnskat,  metacogniiive 

T,:elf-evaltiazions i-,:7. F.,, : 	7;:3InCi-F4n-Y (4.140,7ii4.)iMj in.! 4, ‘'• ,,,tiit 	..s;%i;:ai ski:et:n:4i test!,  ig• 

g, l'opperclites I i i re:., ( 	Ki,,cornilion.,. lioneyeon+ I >raw ing ;t1tti 

Callie11411(i11), cotit sNC screening tests (l. 1',,. rolskites Mini Mental State lest) and 

reactim tini:.• 1 	,t, 	I h her standard tests kir coguaive perfoi-n , ,ince include the 

11/heinier's 	hsease Assessment Seaie-counnive ,..ii!),‘ ::,. c V -0.NS coo; the clinical 

global in 	ression of change scale rCIBIC-phis scale!. - L.- \ l/liciiner's Disease 

Coope drive Study ,Activities of Daily Living Scale (:.Alk 's 	A;_.)1 r, the Mini Mental 

Sts.', 	l!xatn iMAISH, the Neuropsychia,sie Inventory iNPli; the Clinical Dementia 

atrq Seale (CDR), the Cainbridge Neuropsychologieal Test Automated Battery 

3 



t(...AN IA Ft i or the Sandoz ( Tancal 	\ssessinent- i icnattic ist'A(ii., siroop Test. 	- rail 

Makiny. WoQinter 1.44.4:1!, 	.r,! 'L.. i 	,,....".V.,' C, Miputerized coetutt%e tesa 	In 	
/ 

addition. coria vc fiinct;or it 	l',.. ',.:.: measured u.:iny imaeme techuicuic,  suci a,, 

Positron LI1li\Nsion I oitioyiapli:, ill. Ft. runctiona1 maene:.... resonance iimu,noe. 	.• 

(INIK1). Singh: Photon Emission ( 'omputed TonutFrapli 	ISPE( . 1). or any other 

:ii a. in,!, technique that allows one to measure brain function.  

DETAILED DESCRIPTION  

1. 	t .,. ;lend 

100811 	"I he invention provide, htIlliall 1Vkl 91.4 antihodic, 	(lie an::,)l-,dies ait• 

useli31 1,,r treatment and dniglarse,  of a I ew 's bi,d,. dis.case. 	., 

II. 	Target molecules 

100821 	N4,1,urai humau wilkitylx- alpha ,.:In.h.lein is .i pcp..te of I.4) alnlno acids 
/ 

Ila% irk the following amino acid ,eo t le) t c e  

MIWIAIKOI SK AKE6VV AAA!' KIKV4 IVAEAXONAKI I T\`1 N \ 

(iSKIKE(IVVII (i% Al %. Al*K1K l',OVI. N‘(.1(1,AV \ kiV r AV AQK 

1  .s/F6A( i .,-, 1  \ \ 	\ I(  a vk i„,..i ),Qt 	(i, K ,,,d.: ForAii()I: 611.1 DN,H,viw 1 n.„.A yi.,,,,wst  

,., / 
Ft il'Ql Pi 1..PEA 0,1-Q II) Nt ):12)  

11..edti et al., Proc. Natl. Acad. Sci. t 1S41993) 90:1128:1-0.i.; ( lentiank accession 

number. P378.10), The protein has . lrcc recognized domain,. a KTKE repeat domain 

covering amino acids 1 4)1. a N
.
), 	Non-anlyloid componentt &Main nitinillp, from 

about aivino avKIN  60-93, zirayfi C-terminal w,idic domain annuity, Irtun about amino 

acid 9)t to 14(1, 	 / 

100831 	i itless other 	ise apparent from 	I t.le c.que‘t, reference to alpha-sy nuclein or 

its fragments mcluAes the natund human wildtypc amino acid sequences indkated 
, 

iihk!VC, 311 	M k1 	il 	:ffi alle:Ik 	%. --,V1311IN tfiVrCt.l. p3r1.1,:ta;f7t. 010,4; ,i,m n. 'Kited V. 1:11 1 eV. % 

hod. d;se:ist; (e.g , 	1•..1(,K, 	*A, ;of ,  .and A53 r, with ,:,-.. k. rijNj 11,7!ej. 	IlliiiCZetCS the A mino  

acid in S 	II 	NC):12, the number is the cation position in SI Q 11) NO  .12. and the 

sec-m 	after is the amino acid in the allelic variant). Such variants can optionally be 

pm cut individually or in any combination in any of the aspect of the invention 

esciibed below. The induced mutations 110Q, 2190V. A7(IT, which enhance alpha 

synuclein aygreFation, can also be present individually or in combination with each 

other andlor human allelic variants E46K, A301) anti A531-. 
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III 	1-c‘v) 	13"d) 	1  lise:Isc". 

100841 	1 owy Body Diseases (1 Blri a:.. Charat-xrved by dereneratiov of the 

dopaminergie system. motor alterations. cognitive impairment. and formation of 

1.ewy bodies (1.13s). (MeKeith et al., Neurology (19%) 47:1113-24). Lew 	By dies 

arc spherical protein deposits found in nerve cells. Their presence in the brain 

disrupts the brain's normal fit:kJ:lion tuterruptinvhe action of chemical rnets'seng,ers 

including  acetylchoitrn. and dopamine 	Lewy Body diseases include Piiikinson's 

disease (including idiopathic Parktnson's disease), Diffuse Lewy Rokfy Disease 

(1)1,81)) also  known as  Dementia  with Lowy Bodies (DIAL 1-evt-li body variant of 

Alzheimer's disease (1131), Combined Alzheimer's and Park irtion disease and as 

multiple system atrophy tIVISA (,,g.., ttliwpontoeerebelliti Alrophy, Striatonigral 

IkTeneralion ,t;  ,.! ti dy ..1)1;2 .,, zei  syndrome ). 	1)1 131) sl'Nircsk, Dayton, ot both 

A lzhenner's and l'arkinson',; disease, 	1)1,81) ditiets irsint Pfrritintwin's disease mainly 
i 

in the location of 1.4:wy Bodies. 	In 1)1.81)1 ev, v Iii)iftes tonit )104011)..1.4 kite cortex. 	In 

Parkinson's disease. they form mainly in the subsyftnia tugra,. Other Leon; Body 

diseases include hire Autonomic Failure. Lew2i body dysphagia. incidental 1.131), and 

Inherited I BD (,..,).f., mutations of the alpha ,-(y nuclei') gene, "'AKIO and PARK.Ii. 

/ / 
IV. 	Antibodies: (if the Invention 	/ 

/ 
il,...,...... _AlitiObaSp(sificilY and  t..W6i90e1479110-40 
104)851 	litimantied antibtxlies or he invention !Specifically hind to human alpha 

..o,,ntici,..n,; 	the .:iffinit:, of m)

/ 

 T96.  !twin:Atli/1:d anliilic.. . 	( 1 .e ,, K:A! is  prvfenkbly-within 

a f;t‘ito! 01 i iv e or hko of titiq,,ot ti 	mouse antill-oth i+1.4. 	SolliC hilittillthtitd 

ai 0 Oodivs hake !..11 A tillit. . 	Ial 1:, the wine (within evennental CITor) or greater than 

that of the mouse 91.4 i 	tttkyrly. 	Preferred humanyed antibodies hind to the same 

epilope 
	fr 

and 	comp:vie with the mouse antibody 41 E 4 for binchnp to human alpha d 

synuelein.  

100861 	In son • antihodr., humanized 9FA thrms one ann of a hispecilic antibody, 

the other a, 	of which 1'; an antibody that binds to a receptor expressed on the blood 

brain bait 	r. such 40 an iwilin receptor, an insulin-like growth factor (1(iF) receptor, 

a leptin. t!eepit.,r, or a lipoprotein receptor, or preferably a transferrin receptor 1Friden 

et al. 	PNAS 8X:4T:14775, I (fr91; Friden et al.. Science 254:3'..1::-Yri, 194)3). Such a 

ln 	ecilic Ltil t i hod y can be imam -erred cross the blood brain hairier by receptor- 
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mediated transeytosis. Brain Uptake of the bispecific antibody can be further 

enhanced by engineering the hi-:pecific antibody to reduce it: afthiity to the blood 

brain barrier receptot. Reduced affinity for the receptor resulted in a broader 	
/ 
 

distribution) in the brain (see. e.g., Atwai. et al. Sci. Trans. floc! 3, 8411143. 2011: Yu 

et al..S',.i. Trans. Mcd. 3, 84m44. 2011). 

100871 Exemplary bispecific antibodies can also be (I) a dual-variable-domain 

antibody (1)V1)-10. where each light chain and heavy chain contains two Variable 

domains in tandem through a short peptide linkage (Wu et al.. Cieneration and 

Characterization of a Dual Variable Domain Immunoglobulin (1)Vp-1firm) Molecule, 

in: Antibody Engineering, Springer Berlin Heidelberg (:,.010)); t;''.) a 'Vandal). which is 

a fusion of two single chain diabodies resulting in a tetravalent biApecific antibody 

that has two binding sites for each of the target antigens; (I a flexibody. which is a 

combination of sc.Fvs with a diabody resulting in a multivalent molecule: (4) n so 

called "dock and lock" molecule, based on the ''Clir110i'llatiOn and docking domin" in 

Protein K inase A. which, when applied to Fails, can yield a trivalent bispecitic 

binding protein consisting of two identical Eit.0 t'ragments linked to a different Fab 

frag,ment (:',) a so-called Scorpion molecule., comprising, e.g.. two se vs IIISQd to both 

termini of a liumiae-region. Examplei of platforms useful for preparing, bispeciEc 

antibodies include bin are not limited t( I3i1f-1(11icromet).1)ART (Macro( ienies), 

1'eab and Mab2 (F-star) , Fe-engineered 4...,,GI(Xencor) or DuolIody (based on I ab 

arm exchange, (ienntab). 

IL 	I lumanized Antibodies 

[00881 A humanized antibody is a genetically engineered antibody in which the 

CDRs from a non-huMan "donor-  antibody arc grafted into human "acceptor.  

antibody sequenceslsce, e.g., Queen et al., IIS5,530.101 and 5.585.089: Winter el al.. 

IIS 5,22539, carter, US 6,407,213, Mair. US 5,859.205 6,881,557, Foote. US 

(i,h81,557). Mc acceptor antibody sequences can he, for example. a mature human 

antibody yftriable region sequence, a composite of Such sequences. a consensus 

sequence of human antibody sequences (e.g., light and heavy chain variable region 

consensus sequences of Kabat, 1991. supra), or a germline variable region sequence. 

preferred acceptor sequence .thr the heavy chain is tile human mature heavy chain 

variable region with NCR! accession code AACf50998 ((.11: 1701009)0r other mature 

heavy chain variable region derived from germline ILII1V3-1'0 I or IGIIV3-7'02 

(clones came V3 .7 or VH3 11) ((Has et al., ('lin Exp Immunol. 107:372-80, 1997) or 
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a mature heavy chain variable iegion sequence incorporating one of these gcrrii line 

sequences. For the light chain, a preferred acceptor StNitienCeiii* light chain mature 

vanable region with NC 131 accession code AAY31.3.,9).(t461.028S9) or other mature 

light chain 'N 'r  	l '  t:.e derived from the gemiline 16K \'11)-19 or KA( VI - 39 (ClOnCf 

!Virile 02 or 01 ..!) (Kramer et al., Eur J Immunol. 35:2131-415, 2005) or 3 light ofiarn 

mature variable region sequence incorporating One of these germ line seuenees. 

Thus, a humanized antibody of the invention is an antibody having three light chain 

and three heavy chain Mks as defined by Kabat from the chino! 91'-4 antibody and 

minute variable region framework sequences and constain regtor 	/present, entirely 

4  'T ',UbSiabi i;1 1 k 1 rtilb illibiab inn ik k.f.,  Ne{111CTZ1'CS, 	I iki."WISC a faiii::anitoti hcavy chain 

ts a htnit'), chain having three Belo y chant Cl Ws as defined ri.:.., t :4 t'.tt. t R/1n a re Itc:o, 

chain of the 91.,4 anlibirdy. and a mature iheat y chain % a: iatie scquenoe and hea‘) 

chain constant region sequence, if present, entirely Or snyistantially from human 

antibody heavy chain sequence_ Likewise a humanizA light chain is a light chain 

having three light ..•.liain ( -1)ks as defined by Kabaylfrom the light chain of the 9E2: 

atitibisi:, , and a mantle light ‘:hat; V:1113ble 	(1%,iy.nci: and Vit chain constant region 

sequence. if present, entirely or substantially/ tom hunum antibody light chain 

sequence. 	The mature variable region Ii 	e% 'ork sequences of an antibody chain or 

the constant region sequence of an an ' ody chain are Nubstantially from a human 

mature variable region rrainev,ork 	quence or Inillnin COnSinn tVg1 on sequence 

iespectv,ei'v Nk hen at least S:..",,, ', 	►'!,,, O'',,, 46'1,, I)  -.!(! (p„ 6  'V'  ;,. qt)"  or WO"  0 Of 

cot rk:NPOndinll, rCZlid iit:N de:jibe 	h\ Kama are identical. 

100$91 	t `cram antino ac 	From 	he human marutt variable region framework 

residues can be selected (or substitution based on thOirpossLblc influen:x on ( DR 

conformation and-or 	inding to antigen. Invesuganon of such possible influences is 

'ly modeling. clap irl.0ni in of the c-haracler,sncs of the amino acids at particular 

IOCanOnS. or empirical t'ibsers.anim of the effceMdimbStitation or inutagenesis of 

particular an ,no acids. 

100901 	or example, when an amino acid differs between a murine mature variable 

region wirework residue and a selected human mature variable region framework 

r.,.... 1  ; lie, il ks : i iii m i t i iiiiniework awn:0 :aid i.an '...!:tibAinited by the equivalent 

f .floc-iolis iii::,,' 	ik id !ii ,iii !ik- !it:it,: antibody 'Ail, .1 ii i ,, reasonably expected dim 

Inc amino') ac:,1.  

i f i 	nonco‘aletnly b:tid., antigen dtrectl. 



(2) is adjacent to a CDR region. 

(3) otherwise interacts with a CDR region (e.g.. is within about 6 A of a 

CI): region) 

(4) mediates interaction between the heavy and light chains. 

100911 	The invention provides humanized forins of the mouse 912.,1, ilntibody 

including three exemplified humanized light chain mature variable regions 

(111191.AVINI-v3; SR? II) NOs:3-5) and four exemplified humanized heavy chain 

mature variable regions (1-1.01:l4VIly 1 v4:, SEQ II) NOs:5-1.1). SEQ 11.) NO:4 

includes the three Kabat (11)12s of the mouse 9114 light chain and the mature variable 

region frameworks of AAY33350. SFQ [1) NOS. 3 and 5 includellackintnations as 

shown in fable 2. SIll) 11) NO. I I includes the three Kabat CDRs of mouse 9E4 and 

the mature variable region frameworks of AAC5099Is. S1ft„)"11) NOs:),-10 include 

hackmutations as shown in 'fable 3. 

100921 	l'he invention provides variants of the humanized 91l4 antibody in which the 

humanized heavy chain mature variable region shod s at least 9(i1'h, 95' 	or 99'N., 

identity to SEQ 11) NOs:8-1 1 and the humanized IiI7lit chain mature variable region 

shows at least 91). 95 or 99% sequence identity to SEQ II) NOs:3-5, but in which any 

variation from the designated St.() 11.) NO-.. occurs in a mature variable region 

framework. rather than a Kabat t 'DR. 	In some such antibodies, position 136 is 

occupied by Y or F. andlor pcmitioril-83 is occupied by F on 1:, ands or position 1173 is 

occupied by N or I) araFor positloil 1193 is occupied by A or S (all positions here. as 

elsewhere, in this applicationare by Kabat numbering). in some such antibodies, 

some or all of the backunitations in 11u9E4VINI-v1 and Ilu91.14VIlvl. v4 are retained. 

In other words, one or hOth of heavy chain positions 1173 and 1[93 is occupied by 1.) 

and A respectively. Likewise in sonic antibodies one or both of light chain positions 

I.3O and 1,83 is oeenpied by F and 1: respectively. In sonic antibodies. 1, 2. 3 or all 

Ibur of positions' [173,1193. 1:36 and 1.83 islare occupied by 1). A. I' and T.. 

respectively/1n some antibodies. 0, 1. or 2 positions are chanted in the heavy chain 

mature vaiiable region framework relative to SIX) II) NO:11, and 0, 1. or 2 positions 

are ch 	ige in the 1112111 chain mature variable region framework relative to SI:1c) ID 

NOsi. 

1It1931 	Some antibodies comprise a humanized heavy chain comprising the three 

Kabat (DRs of SEQ ID NO:1 1. and a humanized light chain comprising the three 

Kabul CDRs of SEQ Ii) NO:4 provided that position 136 (Kabat numbering) is 



iiccupi d by I' or N' and/or p 	tit-ii: I 	(Kabul numbering)occupied by I. or 1' 
,/ 

and-ror losition 1173 (Kabat numbering) is occupied by I) or. N , andior position 1193 	/ 
/ 

(Kabat numbering) is occupied by S or A. In some such antibtWics, position L36 / 

(Kabul numbering) is occupied by F. In some such antibodies, position L36 (ic. 	at  

numbering) is occupied by F and position 1.83 (Kabat numbering) is occupicstiiy L. 
, 

In some such antibodies. position I 36 (Kabat numbering) is occupied by /ind 

POSitiOn 1173 -(1 ..ii1131. number-4) iii•iixtriipied by!). in some such aim 	position 
/ 

136 ( Kabat nunibering) is oce.upito by l' and position 119` ikaiVt 141111 lrittg)is 

occupied by S. In some such antibodies, position 1 36 i Lubin nterificring) is occupied 

by F anti position 1193 (Kahn! numbering) is ot:cupied by 1 	IV,itmic such antibodies, 

position 1.36 (Kabul- numbering) is occupied by I', position l':i‘ .. ( Kabat numbering) is 

occupied by L, and position 1173 (Kabat numbering) 1 	‘ ft 	-d by1), In some such 

aril ib“dies,  NsitIon 1_36 (Kali numbering) is occupy, 	: I , pt)sinon I 83 (Kabat 

nunil)cring) is occupied by L., and posili0111193 ik,Abat motto h n:Ing) is occupied by S. 
/ 

Ii some such antibodics, position 1.36 (Kabat ny inhering) is occupied by I', position 

1,83 (Kahtat numbering) is occupied by 1 	a 	sition 1193 (Kabat numbering)  

occupied by A. 	In some such, antibodies,A4sition 1.36 (Kabat numbering) is occupied 

by 1-, position 1173 (Kabin numbering ).(s occupied liy i). ;Ind po,i1 !on 1191 ( kalw.i 

numbering) is occupied by S. 	hi 	i 	ie such antibodies, position 1_1(t 1. Kabat 

numbering) is Occupied by 1 . pt 	halal 1.S3 is occupied by t, pt,isitAm. /173 (Kabul 

numbering) is occupied by 1 	tttti la.isition1193 (Kabul numberng) sii*Occupted by S. 

In sonic such antibodies, 	t'cttr 1,36 (Kabat numbering) 1„ c t-cupiisti by F, ptAition 

1173 (Kabat numbering 	'tired by D. and position 1193 (Kabat numbering) is 

occupied by A. In s 	antibodies. position 13(1 iKabut numbering) is occupied 

1)e h. position I :(3 f Kahst Illitlibcrt110 IS occupied by 1. position 117: (Kabat 

numbering) i 	•ct ned by I), and position F193 (Kabat numbering) is occupied by S. 

In some suc 	aMibodies, position 1.36 (Kohut numbering) is occupied by F, position 

1.83 (Ka) :t numbciiing) is occupied by I.. position 1171 iKabut numbering) is 

occur d by I). iiiti position 119 ': ( Kabat umnbering) is ticcupic‹.! by A. 	In 	omc such 

irti 	«odic..por,it.lon I N3 ( K.a ha! nunineringi is tt,.-cupiett by I . 	In some such 

i  todics, pos.,!tion 1 NI (Kabin noinheiring3 is occupied 1),:f i 	_ 	, , 	- 	, ' • bat 

nuntlx-ring) is occupied by I) 	ft St.frrc.. such antilviditsivouou I : 	(Kabat 

numbering) is tikictipied by 1.. and position 1191 (Kabul iminbei mg) is occupied by S. 

In some such antibodies. position 1.)+3 (Kabat numbering) li; occupied by 1. and 



/ 
on I19.3 (1...ibin in 	): 	i 	-copied b) .N. 	In Nome such antibodies, po 	i 

1.$3 1 Kabat numbering 	s occupied by I.. posiliIn H73 (Katie numberin ) is  

occupied by D, and position 1193 tKabat numbering) is isccupied by S 	In some such 

antibodies, position 1,83 (MINH numbering) is occupied by L. position 1173 (Kabat 

numbering) is occupied ti) 1). and position 1.193 (Kabat numbering) is (wciipied by/.< 

In some such antibodies. position 1173 (Cabal numbering) is occupied by I). In _Some 

such antibodies, position 1173 (Kabul numbering) is occupied b 	I) and position 1193 

(Kahat numbering) is occupied i.). 	S. 	In some such antibodies. position 11:13 i Kabul 

numbering) is os...copiet. I-, 	I) :111(1 IN sition 1193 iKabat numbering) 1i tlit'up I by A 

In some 'itch antiTiodies. ixo,ition 1103 (Kakit numbering) is 	-ii 	S. 	In sonic 

such am 	es. posnitm 893 (.1(abin munbernig) is occup 	. ,. A. Ir <t+rliQ. $ixt: 

ant., iittc,. pw.111011 1 -0, Is ivarpird b,. V. position 1,s3 :s tea'. Lipi d '5 	F , positum 

11 73 is occupied by N and piton IN:Z. is occupied by S 	exci lei 	ntikKgbei. 

with desirable residues at posit 	1.36, 1.83. I I.71, and 103 and comb 	s thgtVer 

are listed in Table 1 below: 

Table 1: 	Exemplary antibodies x - th desir able re. 	,te • 1st ix sitions 	I ;6. Lis ' 	73. 

and 1 io 1 ( Kabat nurnbcrIng), 
... 	, 	, 

I!emplary 	- 	T.36 	 1 i-`; 	 I I l' 
Antibody 	... 	 ,.. 

I 	1 I N 

IN 
1 

I 	( 	, 

,I ' „,. 	 - „ I) 
4 N 

iv 	ion 1 	
- 	.. • 

I) 

0 N 	 S 

t 	rlEin 	I 1 	1 	 I ... I) 

I 	I. 1) 
i  

0F 
 

) 
t 	I 

) 	 i 	,,,, 
',. 

4 	 ' 	• .., 	... 	, 

/ 

lgoq4 I 4 some antibodies, the heavy chain mature variable 	):ion has an amino 

acids quence designated SFQ 11) NO:10. 	In sonic antibodi:,.:,. '1%. !i! i,t chain mature 

va 	able region has an amino acid sequence designated SI i.) i I r \n, i: . 	11-  Sli() II) 

0:3.. 	In some such amitiodies. die heavy chain mature 1..itriabk.7cgion has an atnint) 

)i) 



acid sequence designated Si (,) it I \a  '1: ki, and the light chain mature variable region 
, 

has an amino acid sequence doignated SR) ID NO:5 or SFQ IL) NO: 3. In some such / 

antibodies, the heavy chain nurture variable region has /  an amino acid sequence  

designated SI:,c) 11) NO:10, and :he light chain mature variable region has an ainin 

acid sequence (lesignated SFQ ID NO: 3. 	 / 

100q5( 	i  )!Its'z' . ii ' 7 	:WI d MlbtitAlll ion 	can be made in the mature variablefigion 

framework, for cN,.niple, in retadureswt.in contact with the t'.1)Its, Otteb
., 
	e 

/ 
replacements made in the variant humanized sequences are conservatty* -with respect 

to the replaced amino acids, In Sonic antibodies, replacements relanie to 

I1ti914V1 xl -v3 and 111191i4VIlv 1-v4 (whether or not conservativii have no 

substantial effect tiii the binding affinity or potency of the resWfant antibody relative 

10 Iill9F-IVI.V I - \ ..; *Ald 1 1119E,4 ‘' IIVI- v4, that is, its ability to' bind human alpha 

synuclein.  

f0096I 	Variants typically differ fmni the heavy and light chair] mature variable ., 	. 

region sequences of I Iti9f°4 VI .v1 ,i, 3 and 11u9E4VVv1 -v4 11. , a small number te,g., 

typically no.riromakin I. 2, 3, 	or 10 in either tire light chain or heavy chain mature 

variable region frione‘k on' 	Cif ixtb).orreplaelinews. deletions or insertions, 

/ v. 	'4 e k'c't i Q11..al..i.3) s WV ,ROgnill 	/ 
/ 

1004171 	The heavy and light chain vaiOble regions of humanized tuitibodies can he 
/ 

linked to at least a portion of • hunkil'constant region. 'the choice of constant region 

depends. in part, whether antibixrepctident cell-mediated cy totoxicity, antibody 

dependent cellular plLigAicylost -  atitL'in-  contplement dependent cytotoxicity are 

desired. For example. humai, isotopes lg(i I and 11,(;3 have complement-dependent 

eviotoxicity and human / t„ . types Igo i2 and 1g64 du not. Human lgti I and IgG3 also 

induce stronger cell tin 	t;ced ci h..,  ior functions than human 10.112 and IgCA. Light 

chant constant rcgio s can be it I, il•da or kappa. An exemplar) human light chain 

kappa constant reim has the an, i iii i acid sequence of Sr() II )  NO:13. Sonic such 

light chain ka 	a constant legions .an he encoded by a nucleic acid sequence. 	The 

N terminal ' rgi!iine ot SI:(,) II) NO:13. can be omitted, in whelt ,,riv light chaul 

kappa c> / suLutrq40 kts the Sttlino acid topente t'i SI (.,) II) \( t:2S . Sonic suet! 

light c ain kappa coinstant regions.estn be enoided by a nacknc acid sequence'. An 

eve 	plary human le i I heavy chain C011SUM1 region has the amino acid sequence of 

(,) 11) No:14 (with or without tlie (. -terminal lysine). 	Some such heavy chain 

constant regions can be encoded bv a micleic acid sequence. Antibodies can he 

21 



/ 
/ 1  

ZnIrelt-ted 0 tailiMerb <Onteamw,:two ben and two .1apavy chaps. as ;marsh; lielvy L.,..  

chains. light (thains, as Fab, Feb'. F(a.h /. .:, k 1 H H. ores siAgle dain talti ixidi es in 

which heavy and Fight chain martnv vATiahlt ikl nains are linked through .: ,o.i, ,:: 

.100981 	lluman corNant regams show allotypic variation and outdlotypic I. ;:ii'l :! ,, 

between different individuals, that is. the constant regions can differ in difterent 

individuals at one or more polymorphic positions, IsOallotypes differ frOM .01.0.:, H.. 

in that seni recognizing an isoallotypc hind to kl n011-polyillorpila: regiOn of a oil.- 0: 

:nom other isotypes. Thus. for example. another heavy chain constant region i: 	1 

Igt i I G I iii3 allotype and has die amino acid sequence of SE(! 11) NO. 3 .2 	N'e! another 

litNIVV Chaiq cowl:int region has the amino acid siNtience of 	1"-(l I) \ (1.  ;.' i-xcept 

that it lacks the t 	tentImal ;.,,snie  

100991 	One or seveial amino acids at the amino or ca t-)oxv terminus of the light 

andl)r 1.1C:1", 	chain,. Sikh .t'. the 4. ".lerniilial I vSine ();;T tie local";' ..1,1:t113, ITZ3%,  he nussine 

or 	li.-rivanied in a pri,p011.:011 Or ::11 Of the molecules. 	Substitutions can be made in 

the cOnStara regions 1-1, redltee or incCatiC CfreciAlr rUnCtiOn 'uch as complotient 

mediated cytoroxicity or iN.DC(.' (see, e.g., Winter et al., (IS Patent No. 5,624,821; -1- s,.. 

et al., 1..JS Patent No. 5,834,S97; and 1 war et al., Proc. Natl. Acad. Sci.1;SA 

103:400.5, 2006). or to prolong half Id/ in humans (see. e.g.. Hinton et il'L. J. 14101. 

Chem. 279:6213, .2004). Fsemplarysubstitutions include a I iln it position 250 and: kr 

a Let] at position 42$ (F11 numbormg is used in this paragraph For the constant region) 

for increasing the half-life °Ian antibody. Substitution at any or all of positions 234, 

233,14) and 	237 reduce iffinitv for Fey reeeptors, particularly l'evR1 receptor / 	 , 

I we. ,.g., 1 1 6,624,821 VSOIlle alitilT0i,iit,`LS 1:41%0 alanine substitution at positions 234, 

35 and ;37 of laiman/ipti I 	tor T-etit:eing effector functions. 	i .)pt ion,,]‘• il,,...,;1 1,,n, 
/ 

234, 236  alahos 23/in human Igt i2 art: substituted with alanuic ;nl position 23 	with 

glutamine (see, 9",ig., I ':-; 5_624,821 i. 

0, 	l 	%lion oh RceorribiT,!:".  

10 I 001 	; • 	i 	)(lies can he produced by :-.'cilubinant expression. Nucleic acids 

cncotdit 	the antibodies can. be codort-optimized for expression in the desired cell-

type .4., C110 or Sp2,-0). Recombinant nucleic acid constructs typically include an 

ecession control sequence operably linked to the coding sequences of anribod) 

itainS. including naturally-associated or heterologous promoter regions. Thy 

expression control sequences can he eukaryotic promoter systems in vectors capable 



of transforming or 11;:i1,-Ici.1iag mikaryottelhost cells. Once the vector has been  

incortwated into the .upropriate host. the hosl k mai ntained under emuditions suitable 	. /' 
/ 

fir iii,i,n level cvpre,0*441.ialthe. nucleon& s, ,-,,: 4 7: 7, l'N' , , ::::4111C.  Coliection and  

ruri fiettnon ,.,1.7 the twomtsiling 0 n107,, :.11e•,. itle \ ot.::Or Of %TOWS trirothhg the  

1111111XX-1Y C hains can also contain a selectable gene, such as dihydrofolate redueta*c. ,to 

allow amplification olcopy number of the nucleic acids enci.altug: the antibody.. 	go. 

101011 	li. coli is a prokaryotic host particularly useful for expressing atm . 	les, 	 .. . 

particularly antibody fragments, Microbes, such as yeost are also useful t' t`' 

expression. Saecharomyces is a prderred yeast host, with suitable vectgis having 

expression cot mot sequences, an 01i In of nvlication, terininationst7 nences and the 

like as desired. 	1-:ypical promoters include 3-phosphoglycenne 404Ise and other 

glycolytic enrones. Inducible yeast promoters include, anion 'others, pronvers 

tram alcohol (kits drosena se, isocytochrome ( 	and en/ymp4.responsible for maltose 

and galactose ufikrationtt 	 / 

101021 	Mammalian CC k cube tied arexpressitr nucleotide segments enciAling 

inimunotzlobutn* or fragments liteNat's *0 WVII, rcker, From (ienes to C. tones, 

(VITI Publishers, !SA, 1987f A itumboor sti able host all lines capable of 

secreting intact heterologous pnitrills have 	n developed in the ail, and include, 

C110 cell lines, vririous t 'OS cell lines, 1 el .a cells. 11EK293 cells. I. cells, and non-

antibody-producing inyclomas inclu,1 ,e) , Sp2/0 and NISO, It can be advantageous to 

use nonhuman cells. 1-,xpicion v t . ors for these cells can include expression control 

sequences, such as an origin of ritp.lication, 3 promoter, an enhancer (Queen et al., 

Immunol. Rev $Q:4) (.1986)) 	d necessary processing information sites, such as 

ribosome binding sites, RIVA splice sites, polyadenylation sites, and transcriptional 

terminator sequences, 	niable expression control sequen<es are promoters derised 

'ruin endogenous Lt` es, cynanegalovirus: sVieti. adenovans, hos me papillomavirus, 

and the like. 	See,# 0 et .,i1...1 Immunni 	148:1149 (1992). 

1 01031 	Havr g trItoshwed veootts) encdirry, funihody heavy and :iglu chains into 

cell culture 	'ell pools can be screened low growth productivity and product quality in 

serum ti c inodia 	liv-producmg cell pools can then be subjected of 1~ 1('S-based 

singl . cell i.:., ,!:i2..: to generate monoclonal lines. 	Specific productis [ties above 50 pg 

or 	r pg per MI per day, which correspond to product liters of greater than 7.5 -.0_ 

Wine, can be advint:rigeous. Antibodies produced by single cell clones can also be 

tested for turbidity, filtnition properties. PAGL, 1L+, L'Al scan, HP SUC. carboydrate-- 
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pligosaccharide mapping. mass spectrometery, and lining assay, such as HASA or 

Hiacore. A Atlected clone can then be banked in multiple vials ir.i.1 stored i'rozen fin 

s, I ibsequent use. 

101.041 	(.)nee expressed. antibodies can be purified according to standard prottedures 

of the art, including protein A capture, column chromatography (e.g., hydrophobic 

interaction or ion exchange), low-pI I for viral inactivation and the like (see generally, 

Scopes. Proksiu Pzirificatiou (SprittgOr-Verlag. NY, 1982)). 

[0105] 	Methodology for commercial 1m-11(1114:Aim of antibodies including eodon 

optimization. selection of promoters, transcription elements, and terminators. sei uni-

t:IVO S;jUilk LV11 cloning, cell banking. use of selection markers for amplitication of 

copy =libel, CI It.) terminator. serum free single cell cloning, improvement of 

protein titers (see, e.g., 1 5 5,786,464.1.1S 6,114,148,11S 6.063.598. US 7.569,3.39. 

W02004.4)50884, W02008,1112142. W02008.1012142, , W0200.5.1019442, 

W02008/107388, and W02009/027471. and US 5,888,809). 

V. 	Nucleic Acids 

1010N 	The invention fin !tier provides nucleic acids encoding any of the heavy and 

light Chains described above. Typically, the nucleic adds also encode a signal peptide 

fused to the mature heavy and lightehains te.g., signal peptides having amino acid 

sequences of SIIQ ID NOS: 22 and 24 that can he encoded by SEQ 11) NOS: 23 and 

25), Coding sequences on mwleie acids can be in operable linkage with regulatory 

sequences to ensure expression of the coding sequences, such as a promoter. 

enhancer. ribosome binding site, transcription termination signal and the like. 'I he 

Iludeic acids en tiding heavy and light e,ia. I 	I tis can occur in isolated form or can be 

cloned into one o0nore vectors. The nucleic acids can be synthesized by for 

example, solid-State synthesis or P. 	of overlapping oligonueleotides. Nucleic acids 

encoding hi,tavy and light chains can be joined as one contiguous nucleic acid, e.g., 

within air expression vector, or can he separate, e.g.. each cloned into its own 

exprepion vector. 

'I'herapeutie Applications 

101071 	'rho invention provides $CNoral methods of treating or effecting prophylaxis 

of' 1.ewy Body disease in patients suiThring from or at risk of such disease. Patients 
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artietiadeVo.voineat luclegivindividWis at rixi ,,-f disease 01 a 1.131) but not showing r , 

y 	SyMp[iitilN )1' the early wacnikonstyr/.  reOf igip►Wik 	 .....vi  . iymptolksi. itik Wt.`li as palic;al * 

of synnOliiiwpoithies, for example, FI•6 slowing., neuropsychiatne manifitigiations / 

(depression, dementia, hallucinations, anxiety, apathy, anhedonia), autonomic . 

changes forthostatic hypotension, bladder disturbances, constipation. fecal 	/ 

incontinence. sialoi-rite 	dysphagni. sexual dysfunction, changes in cereorai !not 
/ 

low i, sensory changes toifacto", pinii, color discrimination aboormal„Sensationsr, 

sleep disorders (FON sleep behavior disorder (RIR)), restless legs s„IOndrome;periodic 

extremity moVements. hypersomnia, insomnia) and 'miscellaneoag
i 
 other signs and 

symplonis (fatigue, diplopia, blurred vision; seborrhea, weight "(oss'gain:). Therefore, 

ihe present methods can be adman:stem' prophylacti, ,r‘. !t, .,, ,, 	,,,i,..,. ,.N:iti have a 

known genetic riNt, 	!t'., 	I 	iii 	•,,,ich individazds tncinc, . i' , , , 	,,..i. -, 	-,... 	:a; ;' LS  NVili) 

have experienced this <lisease, and thosi7 wlic4se risk 	:I,. ;,.- :1;. A...I i ..„11,,,I., .., of 

genetic or biochemical markers. Genera: niarkers e(1 risk toward 11) include  
.,' 

mutations in the alpha-senth:kilt or Parkin, 1:(;)41.1, and ('1"1''1)(i genes; pzirtieulariy 

mutations at poitton;.: 30 and 53 of the alphp:sylinclein gene. 	Individuals presently,  

stiffelih# fronillarkinson's disease OM bt/i(e'COgIli.eCti from its clinical rrumilestatiOS 

including testing tremor. muscular i !•,' 	. 	, bradykinesia and postural instatiitity. 
/ 

1010 81 	In ti.symptomatic patient,' treatment can begin al any age (e.g., 10, `20, 30), 

t.sually, however, it is not nee 	sa., to begin treatment until a patient reaches 40, 50, 

60 or 70. Treatment typical( 	entails multiple dosages over a period of time, 

freatment can be moth 	, d hy,.  asi4i5ing, antibody, or activated 1-cell or U-cell 

responses to a therapel 	iv agent is ..!... a truncaied torn of alpha-synuilein peptide) 

o‘ el- time. 	It the 11,....- 	ease  falls, a booster ifo,-..avo is indicated, 

101091 	Amilx 	Ies can be used ItiT treating or efiecling prophylaxis of l.ewy lioc'.v 

disease in pa 'etas by administration undcif cOnchtioib that generate a bene(ici..I 

therapeutt 	response in a patient ic.g., reduction of new the and/or axonal alpha 
• ... 	, 	, 

synucle i aggregates, reduction o neuritic dystrophy, improving cognitive function, 

:tad 	f reversing, treating or preventing cognitive decline) in the paitetv. 	In sonic 

Il 	ods. , the areas of neuritic dystrophy <n the neuropii of neocortex and.-or basal 

ganglia can be reduced by on average at least 10, 20%, 30%, or 401•!:;) in treated 

patients compared with a control population, . 

A 



[01101 	Cognitive impitinuent, progressive decline in cognitive function, changes in 

brain morphology, and changes in cerebrovascular function are commonly observed 

in patients suffering from or at risk of few) Body disease. Administration of the 

present antibodies can inhibit or delay decline of cognitive function in such patients: 

MIllj 	The invention also provides. methods of preserving or inereasinp synaPtic 

density and/or dentritic density. Au index of changes in synaptic or dentritic density 

can be measured by markers of synapse finmation (synaptophysin) and/or dendrites 

(MA P2). in some methods. the synaptic or dentritic density can be restored to the 

level of synaptic or dentritic density in a healthy subject.. In some methods, the mean 

level of synaptic or dentritic density in treated patients can be elevated by 5%., 10%, 

15%, 20%. 25%, 30% or more as compared to a population of untreated control 

patients. 

VII. 	Pharmaceutical Compositions and Methods of Treatnient 

[01121 	In prophylactic applications, an antibody-Or agent for inducing an antibody 

i)r a phat mac:laical composition the same is administered to a patient susceptible to, 

or otherwise at risk of a disease in a regime (dose, frequency and route of 

administration) eflective to reduce the risk, lessen the severity, or delay the ousel of at 

least one sign or symptom of the disease. In some prophylactic applications, the 

regime is effective to inhibit or delay as-cumulation of alpha synth:lent and truncated 

fragments in the brain. and/or inhibit or delay its toxic effects andlor inhibit/or delay 

development. of behavioral deficits. In therapeutic applications, an antibody or agent 

to induce an antibody is administered to a patient suspected of, or already suffering 

from a Lewy body disease in a regime (dose, freqoency and route of administration) 

effective to ameliorate or at least inhibit further deterioration of at least one sign or 

symptom of the disease. In some therapeutic applications. the regime is effective 10 

reduce or at least inhibit further increase of levels of alpha symiclein and truncated 

fragments, at:sociated toxicities andlor behavioral deficits. 

[91131 Ntegiine is considered therapeutically or prophylactically effective if all 

individual treated patient achieves an outcome more favorable than the mean outcome 

in g'control population of comparable patients not treated by methods of the 

itivention. or if a more favorable outcome is denion.stran.'!d im. treated patients versus 
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control patients in a controlled c•:itriCal trial (e.g.. a pha.e II. pliase II 	Acpw 	1 

trial) at the p -,-', 0.05 or 0.01 or even 0.001 lewd . 

101141 	14T:e4live doses vary depending upon many different faCtom 'including : 

means of administration, target sne, phylirifirvitarstrritalhe pauent including is-k 

of I erwy ho<Iv disca_,,e, v. helhei the patient is an Apo F cartiiI, whether the Nurent is 

human or an aniniai, other medications administered, and whether treats enris 

prophylactic or therapeutic. 	
// e  

/ 
101151 	An exemplary dosaLte range fir antibodies is from about 0.0 ilto 5 mg/kg, 

an.! .uore usually 0.1 to 3 iu 	kg ilr 0 15-,', ing.:lig or 0.15- I .s mg K 1,', oi patuilit body 
i 	. 

weivht 	A ni tN*Ll; can be idiiiiii i,,,,ered such dAiscs dial %, or alleviative itn>s, wo...kly, 

fortnightly, monthly, quartet iN, , \ if ',4:t.:01:1.1111g it, Oily other seheehilc determined by 

empirical analysis. An exemplary treatment entails ai.lmini)dration in multiple 
.., 

dosages over a prolonged per 	„tor example, of at lcasVox mouths. Additional 

exemplary treatment regimes entail adminimration on' c per ever' two weeks or once 

a month or once ewe* 3 tot, months, 

101161 	Ain :bodies can l'ie zidit 	nistered via a 	ripheral route i i.e., one in which an pi 
i 

adiuiraste,Md or induced antibody crosses th . -ilood brain barrier to reach nn intended 

site in the brain. Routes of advainistintion 	cluck topical, intsavenous, oral, 

subcutaneous, intritarterial, 	•intracranialv ntratheeal, intraperiloneal, intranasal or 

intramuscular. Some routes I'm aduViistration of antibodies are intravenous and 
/ 

siibeutancous. 	I his type of inject 	n is most typicall> perforined in the arni or kg 

muscles. In some nxiltods, agc 4ts Are injected &meth,  into a parlit'idar iiNiic Anew 

deposits have accurmilated, 1 r example intracrunia; injection. 

101171 	I? art aceirtie it 	ilr.positions for parentetai adwinismihon are can be :kith: 

and substantially :swot e and 1111111tlfaCtUred under (I MP einditions. 	l'harmacculical 

compositions can be 	rovided in unit dosage form tic., the dosage for a single 

adminisnauoni. 1- mil imiceinical compositions can he formulated using one Or more 

physiologically aeceptable earners, diluents, excipicnts or auxiliaries. The 

fonnulation 	hpalids on the route of administration chosen, For irtitetion, antibodies 

can be In lluliated in aqueous solutions, preferably in physiologically compatible 

luiffel_° such ;o,' flank 's solution, Ringer's solution. or physiological saline or acetate 

buff 	r i to reduce discomfort at :he sta, of injiietion.). 	the solui:4 -in can ei.illtain 

'‘. . 	triatory agents such as suspending, stabiliting andOr dispersing agerni 



Alternatively antibodies can be in lyophilized form kir constitution with a suitable 	
,., , 

vehicle, e.g... Sterile•pyrogert-free waver. het-ore use, 	.• 

1.0118f 	The present regunes can be tidnumstercd in combination with another agent 

effective in treatment 4:4 prop41akis of the disease being treated. For example.An the 

case of Parkinson's disease, irrammotherapv against alpha synticlein 	/ 
./ 

WO 2008:103-172, I evodopa, dopamine agonises. t .t e\ it tillibitors., MA9gB 
i 

inhibitols, A mailadwe, 4at alit ctrl 	ztgents can he used In CollibIllit1011 With the 

present regimes.  

• 
V111. 	Other Applications 

[01191 	lire antibodies described above can he used for detecting alpha-symelein in 

the context of clinical diagnosis or twatmeni or in researy4i, The araibodies can also 

be sold as rt.search reagents for lat.ionnory research itOetecting cells bearing alpha-

synuelein and their response 10 variants '.timuli. In such uses, monoclonal antibodies 

can be labeled with fluorescent molecules, spin-labeled molecules, enzymes or 

radioisolypes, and can be pro‘ided in the lOrti).4;1' kit with all the necessary r(-,-.wents to 

wt tint,' the asap for alphil sytmekui. 'IlAe/intibodies can also he used to purify 

alpha-synuclein, e.g., by allinity obromayigraphy. 

f01201 	fhe antiNidies can he used Iyir detecting I its in a patient. Such methods our 

USetili a 	diagnirq, 01 COIllinil tilaty'7->iS cot P1), or others 	scale.. assoc.'iated with the 

presence of I Bs in the bratil. or /isceptibilit!, thereto. 	I' it 0 .;apple. the niethods can 
/ 

be used on a patient preseinin 	x,vith symptoms of dementia, if the patent has 1....Bs. 

then the patient is likely su ,ering from. a 1,ewy body ditease, such as Parkins:of s 

disease. The methods (73 	4 NO he used On atiriTipt 1 !Mat le patients. Presence of I ..o.r.: 

bodies or other abnon :a1 dello/Woof itiplia-s'.tutelent mthcates SUSCcptiblilly to future 

.symptominie disea.-  „ 	'he methods are also useful for monitoring disease progression 

and'or response 	r areatment in patients Who have been previously diagnosed with a 

Lewy body di •ase. 

1(11 2 11 	e methods can he performed by adini•nistering an antibody and then 

,..ctecti 	the antibody after it has bound. 	It' desired, the clearing response can he 

:won . I by using an antibody fragment lacking a tilli-lenth ‘onstart region, such as a 
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Fab ..In some m thods, tike ;cw c cinliFy ca n serve as bath rr trcali 	1 and 

diagt 	stic reagent. 

10122) 	For diagnosis (e.g.. in ',rev 	ing), the antibodies can be administered by 

intravenous injection into the body of the patient, or directly into the brain by 
f• 

intracranial injection or by drilling a hole through the skull. The dosage of reag* 

should be within the same ranges as Air treatment methods. Typically, the atp .50(. 1, 

labeled. although M some methods. the antibody k tinhihelled and a 	
7 

i 	11T):  

labeling agent is usi.xl 10 NMI 10 the annhody 	'1 be . !to . 	of land dap 	ds onthe  

means of detection. For example a I 	e cent label is 4u.t .ih [0.  for t it ►i . 

t._•;e of paramagnetic labels is t uitable Or tomogniphic detection 	ithout surgic 1 

intervention. Radioactive libels can also be detected using Pldor SPEC  T. 

IDI 231 	Diagnosis is performed 1w ckmparitir the nun, 	;1):c at dfor intensity of 

1.11vIed loci io corresponding base !Inc va:ucs, 	I he ha 	i 	values -an represent the 

mean levels in a population of undiseascd individua 	Base lute values cut also 

represent previous  levels determined in the san 	tierlt. F411 example. base line 

values can hetietennined in a patient before It 	tiixiiri, treatment, and ntc-asured 

,tii,... titcr,..;:iter c 	tipared with the base 11 	....values. 	A dc,:rcasv in valii,...s :: 	i 	141 

IZ'INt7 line signals a rxisii:ve respoil,e lo 	a 	i ow, 

101231 	ri i: antibodies can he 	, (t :0 generate a ntt'siiicatvlrr antibodies. I .:•(•. e.g., 

(reenspan & liuna. FAS143 J. 	) :43'444. 1989: and '\ i sziactir, i. lnummol 

147:2429-243X. 1991). Sue 	i 	idiotype antibixiies can be ut‘lited in 

phannacokineties, pharma 	dynamic,. bicitlistribution ',tomes as well as in studies 	of 

dirtiest Sfirrian-anti-hun 	Ii am thixb (11,111A i responses In Hitt% ithlak treated K It 

the antibodies. For e an 	l'_, anti -idiotypic antibodies bind specifically the variable 

region of humaniz d 9E4 antibodies and therefore can be used to detect humanized 

914 antibodies 	luttmaeokinetic studies and help to quantify human-anti-human 

antihi xis' rile I IA) responses in treated individuals. 

10125) 	MI patent filings. web,ate. utfiit publ“•atii .1. 	ces,a, n tin 	tber 	and the 

i 4 c 	t.d above or below are 	1 	ra 	I by reference in Mt 	entirety for all 

pii 	' . es to the saute extent as if each individual item were specnicalh. and 

ndividually indicated to be so 	1" oipontied hr refeicricL. 	lechile7,11 	,..,( ,'.o!,' ,1 . 

sequence are associated with ail accession number  at different tunes. the ,,,..! 	. 
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associated with the accession number at the effective tiling date of this application is 

meant, The effective filing date means the earlier of the actual fit* date or filing 

date of a priority application referring to the accession number if applicahle. 

Likewise i1 different versions of a publication, wtthsite or the like are published at 

different times. the version most recently published at the elective filing date cif the 

application is meant unless otherwise indicated. Any feature. step. element, 

embodiment. or aspect of the invention can be used in emnbination with any other 

unless specifically indicated otherwise. .Although the present invention has been 

described in some detail by way of illustration and example for purposes of clarity 

and understanding. it will be apparent that certain changes and modifications may be 

practiced within the scope of the appended churns. 

FAA:1,11'1AS 

EXAMPI .1.: 1. 	1)esign of humanized 914 antibodies 

[01261 	The starting point or donor antibody {br humanization is the mouse antibody 

91i4 produced by the hybridoma having NEC( ' Accession No. PTA-8221 mid 

described in 1.7.S. Patent Application No. 111710,248 (publication number 

I IS2009/11208487). The variable kappa (Vic) of 9E4 belongs to mouse Kabat 

subgroup I which corresponds to human Kabat. subgroup 1. The variable heavy (Vh) 

of 9E4 belongs to mouse Kabat subgroup 3d which corresponds to human Kabul 

subgroup 3 (Kabat et al.. Sequences of Proteins of Immunological Interest, Filth 

Edition. Nil I Publication No. 91-3242. 1991). Kaha.t numbering, is used throughout in 

this Example. 

[01271 	The I 7-residuk... CDR-I.1 belongs to canonical Blass 3, the 7-residue ClR-I 2 

belongs to class 1, and the 9-residue CDR-I..3 belongs 10 class 1 in Vk (Martin & 

Thornton. ..I Mol Biol. 261N)0-15, 1)96). The 5-residue CDR-III belongs to class 1. 

and thet7residue (T)R 142 belongs to class 2 (Martin & 'Thornton.1 Mol Biol. 

263:i0)-15. 1994 CDR-II3 has no canonical classes. but the 'I residue loop 

probably has a kinked base according to the rules of Shirai et al. (TEliS I ,ett. 455:1Ki., 

./I. 1999). 
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1(11281 	A search was made over the protein seiptenees it! the .PD14 database  

(lkshpandc et al., Nucleic Acids Res. 33:1)233-7, 2005) to find structures which 	,,  

would provide a rough structural model of 9F4, The cryshil structure of dimeric 

antibody X/3364:pdb code MARX) (Teplyakov et al, Mot Immunol., 47(14):2422 b,/ 

2010) was chosen 1iir the \ 	structure since it had gi:aid resolution I, I (IA I and o\klap 

sequence similarn> to 91•4 VIc, 1044)iiiig the tititpie L-;:1-11( 811Ca I 	1,1-tiottre,s f< a--  thefoops. 

1113P (Pizarro ct a!„ E1.:13S lett...50063-8, 2001 	was used for the Vh struCture. 	It 

had good overall se4uonce simAitity and reilsonable resolution 12,0A). but also had 

the same length CDR -113 with a kinked base. in addition, CII)Rs-11.1Land 112 had the 

same canonical structlireS as 9h4 Vh. I kepViewiSwiss-Pdv Viewtr 3.7 (SP5) ((;ucx 

and Ileitsch. Electrophoresis 1$: 2714-2723, 1997) was used structure modeling. 

101291 	A search oldie non-redundant protein se uence t itabasc horn NCI-31 

allowed selection of suitable human frameworks into which to graft the murine CDRs. 
.. 

For V. a human kappt light chain with W131 acces!iion code AAN'33350 

(61:631028g0)1k carnet et al., Eur 1 lauturnof 35;21 31---V,, 2(N5) was chosen, It has 

the same canonical classes for (1)k-!_2 and I 3As 9E4, and belongs to human 

lac iriiine It.iti.V II ). 704 or it ;K\ I -3o i c ione  mime ( i2 or U12) occordittg to I NI( a 
/ 

COI1Vd111i011. It is a member of Kanat it tiOn kappa subgrotir I. 1-or Vh. human Ig 

heavy chain with NCRaccession code/AAC50998 ((if: I 791  0)9) U ilas et al, ('liar 

Exp linnturrol. 107 3 72-80, 1.907) 	11 chosen, again with the saute canonical classes 

as 9L4 and belonging to human , nubile 1( il 1V3 -7'01 or 1611 V 3-ro2 (clones name 

-7  or V113-1b.. It is a inch 	I T o: Kabat huma!I heavy -,411.1gr(ytip 3. 

ill1301 	the Callow Mg po- 	s differing between the hum an acceptor and mouse 

donor variable region f 	works were identified as being Candidates fur 

hackinutation. 1173 iron the edge of the antigen binding site and interacts with CDR- 

112. 	1103 is an inie 	a te residue that lies beneath the ( 1)R-111 alai 113 loops. 	136 is a 

\ tc:Vit interfac . -esidue. 	I.:0 is in close proximity to the constant domain. 	Iii 9E4, 

I s3 is a ICIIi 	Nk IC. 	IICI"Clii ill 1111111MP lim aework, LK3 iota   Larger amino acid 

i

4 

pheny ant 	tie. 

10131 	. 1 tuve humani,!ed heit:. chains and three humantled IlghtehaltIS are made 

MC 	ating back mutations at dIffetelli pettlillianillls of these positions t Figs. 1A,. B, 

lICI5Ce alignment, and 'Fables 2-3). 
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[able 2 N. tt,  11..ickttnna1 tow., / 
. ' 

r sequence 	donor franork residues 	I 	ii V II  variant 	VII *non accepts 	 wo 

.,„.......... 

Hu9E4V11‘ 1 : 	NiCtil accession , 1-.(le 
AAC50998 

117. L 1193 / 
t 

t 
t .....„ - 

I:i't't- i \ 11,, ' 	NCB! ;14.7ccssion code 	i  1193 
A AC50998  

11u9E4V11 	3 	̀..! 	Id 	-w,  t-'..,...t,' 	..:41, 117. 

T4hte 3 V. R3ektrAitzdlops 

V t  variant 	V I  exon acceptor sequence 	donor 

fluqi.4vI t1 /2,. I 	Nclil 44,;4:42.,..s.,NIQn code 	/ 

frameNsork residue% 

1 	,7 ,. 

It A 'i,7311350 	/ 

J 	: 
. 

11u91-4 VI v2 	NMI accession co '. Nuns 
AA Y137,S0 	: 

11091-4 '1.0 	NCB! att.- -,t- 	t: tti...t 1 14 ,, 	I 	S ,', 	i 

1(01321 	,91-1\??4; Verqol 

I)IQM I QS1'SSI. S.>1. 	( OK V 1 II ('KS1Q I Li_stiSs \c)KNY I , \ ‘,‘ n,,, ,q. ,pi ,.., wki L 

I\ W \ SIR KM tl 1',•fil m 04 ';‘“ -111)1 11.11S.',1 ()PI 1)1 

IM t 1K (SI t.„,) 	M Y. 1," 

AIN! 1 CQQY NI S.). 11 1H A Art 

101331 	',416:4V1‹ Ver$10112 

D1Q‘ ' 	.. PSSLSASW OR V Ill( 'liS1QT1 1 VSSNQKN) 1 IkWYQQKPGKAPKI 1. 

1Y 	'A4IRKS(;VPSR1 ti( iS( ,,t t r DuTi.Tis!q ()II I)! 7 \ IN 1 t 'Qv)) VSN'I'l ri:(ii, ic, 

101341 	=')I-41 K Versfon3 
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DIQMLIQSI'SSI SAS V( °I 1 )R,VTIICKSIQILLYSSNQKNYI LAWFQQKPCIKAPK 1 I.,/  

1Y ‘k ASIRKSGVI'SR I•S(iS(iS( i 1. 1)141 1 I SSI.Q11.1)LATY YCQQYYSYP1 .1.1I;(;(; 
.,. 

1K I Ilk (SFQ 11) NO: 51 	 / 

101351 	'91'.4  vh Version' 	 / 
1191 \TS( ii A if \ 01'6(1S1. RI.SCAASCirll SNYGNISWVRQAP6K6iLf.WVASIS 

S(4 ,( . 	f 1"111)\vk( iRi-TISR)DAKNSI NIQMNSI R.11•In 
YV, (,i)( ,1 I \ 1 \ SS tSFQ IL) N(Y XI  

101361 	:-.91i4vh V ersion2 	, 	 . 

I.. VQI. \ TS( 1( it.  il, VQP( i(iS1 RI til.A.‘5( illTSNVONISVY'RQAP( iKGLIF,WVASIS 

SUG(;SAVY1'1 )1‘; V KGRF1 ISRDNAK NSLYLQMN 	►1:DTAVYYGSRGOA(11) 

YW(0( iTLVTVSS ISF(;►  II) NO: 9) 

101371 	--91',4 vb VeNion3 	 / 

F. VO V1 1t i0( 'II V1,01(,I1 In SC \ ASGI:TiXNYG\ISVVRQAIN IKOLFWVASIS 

S(;( AiS I 1 VI'D\1 KGR1115RDOAKNSIX1.(111N51 RAt1)1.\\ YYr.'.1Rtlit.iMi1 

1 )N WOQ(i.1.1.1-1VSS tSFQ11) V) 	1 0)/ 

/ 
101381 	Kahal numbering. kw AA 121350 light chain and AM:50998 heavy chain 

are 'islet! below! 	
/ 

101391 	Kahn numbering Illy'AAV:31.10 !iglu chain: 

1_11) 	1,2 I 	13 Q 	4 Ni 	1.5 T 	1,6 Q 	1.7 5 	LS P 	1.9 S / 
L 10 S 	1.11 I. 	1.12 S / 	1..13A 	1.14 S 	L15 V 	L16 G 	L17 1) 	L18 R.  
L19 V 	120 I 	1_21 V 	L22 T 	1.23 C 	124 R 	1.23 A 	L26 S 	1,27 Q 
1.28 S 	1.29 I 	1-3SYS 	L31 S 	1.32 Y 	133 L 	1.34 N 	L35 1W 	1.36 Y 
1 37 Q 	1.:38Q 	1,X9 K 	I,:01' 	1.41(1 	I-I. K 	1,43 A 	(441' 	L45 K 
lAb I. 	1.47 I 	.48 1 	149 ) 	1 50 A 	1, 5 1 	\ 	I 	-.2. 5 	1,53 S 	1.54 L.  
I 55 Q 	I,56 S 	1,57 0 	158 V 	1.59  P 	1 0; 	1,61 R 	L(62 F 	1:63 S 

	

1 	 , 1.64 (1 	1.65iS 	1 66 6 	I .61 S 	11,8 ( i 	1.09 T 	I 70 D 	1.11 1: 	1.72 1 
1 7.11 	17/T 	1 	41 	1 	'(‘ :- 	1..',S 	I. 	1 	1 '')Q 	1.80 P 	1.511. 
1 82 I) 	A3 1 	1 g4 A 	I 8-, I 	1 _so Y 	1.f.:,7 y 	i_sx c 	1 ,tic)  Q 	1.40Q 

L91 S 	1.92 V 	L93 S 	L94 T 	1 95 1' 	1.9(d. 	1.9-,  1. 
	

Lt 	I' 	1.99 CI 
LIN 	' 	.101 (i 1.10.1T 	LifiLK 	1 1041. 	I 103 l 	I 106 1 	1.107 K 	1 108 - 
1 	It 	. 	1.110 	1,111,-.  

1403 	Karat numbering fir AM:N1998 heavy chain 

III F. 	112 V 	113 Q 	1(4I. 	IL 	V 	Ho 1, 	117 S 	MG 	110(.1 
1110(, 	WI I. 	1112 V 	1113Q 	11141' 	1115 ci 	11166 	11175 	1118L 
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, / / 

Bin l< 	1[201. 	1121 S 	11 -:2 t' 	ii:3 „N 	H24 A 	H25 s 	11.26 (i 	HT; }  

11:`,S '1' 	1P9 F 	1110 5 	1131 	S 	11.+'1'1133\V 	111411 	11.15 S 	11.16N 	.'' 

113' V 	ti:IS 8 	1139  0 	1140 	1 	II.: I 	1' 	1142 6 	1143 1 	1144 6 	1145 1.  

11461: 	1147 \V 	114...i V 	H4o A 	ii:,( , \ 	1[ 	I I 	H5. K 	1152A 0 it s3 0  

1154 6 	H55 ' 	I1',6 1: 	1157 K 	1158 1 	il.',9  1,' 	1160 V 	1161 1) 	H62 S 	.'. 
1163 \ 	1164 K 	1165 (i 	1166 It 	116. 	1 	1168 'I 	1169 1 	1170 S 	1171 8,-; 
11'21) 	11-3 N 	i I 74 A 	11'5K 	11 76 N 	ilr S 	11781 	1r9 N. 	MO 
1141() 	1182 M 	HS2A N 	118211S 	1182( 	1. 	1183K 	11441 	111+5 F. 	II.' 

1187 T 	1188 A 	1189 \ 	1190 Y 	1191 	i 	1192 (' 	1193 A 	1194 it 	t 	5f; 

1196 S 	1197 S 	1198 D 	1199 \l 	11100 - 	11101 1) 11102 ti. 	H103 111104 6 
III415.(;) 11106 611107 '1' 	H108 1,. 	11109 V 	111101' 	HII1V 	11112,g 	11113 S 
11114 	 , 

101411 	Kabat number k1tOther bea%y ,IiiLI 1;41-it eliaiwvaritibte191ilonN can Ix' 

determined hr alignment with correspondim7, resithio tisa4p19(the same number or 
./ 

using commercially mailable software, 

Fable 4. Kabat filiilibeT ing ti: preferred frami.mork resj 	es.forbackinutation in 

tl  
lannamred 91.4 antiho.iie, 	

/ 

I 	AAY .` 1  " 	1 A Ai ."I'''0,"' 	M,IV,-4 j 	444kidaii.r, 	• 	'‘ 414iiiiiiigal-iiiiiti.Vlifled 	, ! Wi.atkr,,,,70 
1) 	! 	il,-..i. 	..-itaic 	)! 4 	qt- 4 -. i / 	'4- 4 .. ,i' 	: .94F4 v3 	19E4 ,4 

i 1,0,,. chlo, 

1 
Y 	i - 	i 
I 

1' 
I, 

, , ,, , 

F,t 
i 

I (hc,c,, 
 

. 	._. 	i 	..,.........................01sP, i 	. 
P 	... 	1 	- I 
	• 

. 
I 3.6 	' 
183 I 	i is:  
117 3 - 	N 1) 	/ 1) N 	1? - 	N 

1193 , . 	A S/ 

/ 

S S 	t A 	 A i 

/ 
EXAM 'LL 11. 	Passiv 	Immunitation wish (1,0"nuc:ein antibodies 

10142f 	l'he goal of this 	:pertinent is to determine effectivCIICS-S of u-syuuc1cni 

antibodies in in vitro 	' 	in vivre Chilies as well as behavioral assays_ We used 0.- 

synuclein transgenty (1 inc 61), rt:siniciein knockout and w ddtypc rernale mice. 3-4 

months (lid a 	
/

t ini 	anon and I; -1-4 croup. 	Antibotlit.'s tested included 91'.4 t1.4.11. 

epitope: arnit4 	,Pith. 118 1. 26 o:',:lptri syntickinl. ',CI orGI. 	rtope: amino acids 

I I4-126 toc4plia synuclein, c•linkeri. 51)12, lg(12 	(SN 1.18-126). 1117. 11...t61 (SN 91- 

99) and 	i 10.11 control antibody 27-1. Mice received a dosage of 10 mylkg over a 5 

rout 	period, for a total of 21 injections. In addition. the animals were injected with 

1 	'' rs (1.V) expressing human tx-synuclein OA 0 by iiiiiiateral introduction of 

amain it-synth:kin (oil) ago the hippocampus. 



10143) 	Readout ..mtibod:e. meaide Int,se from t 'beimcon teintope. toll-length aiigia 

synucleint. Milliporekvpitopic lull length aipiul slk.,:llic kin), and \cilium 1-1A Dv,' 

105 temtope: aminOvid,t1.21- 124 c>f full-length itiplla synuclemi. 

101441 	Endpoints: Antihod,„ tilers  were measured during the in lite phase. 	/ 

Behavioral asSIWN include Moms Water Maze leNt IMW W t and horizontal beam j..est- 

The round beam lest N a test (Itmotor balance, coordination and gait condue 	using 
/ 

two beams of varying diameter. Beam A is the larger diameter tea, ter, co r,  dered the 

training beam) and Beam D is the .!latter diameter (more difficult, eons/idle:lid the 

testing beam). Data is presented as "errors" (number of shpsilOcm) toid "speed" 

(time taken to travel 10cmiseci. Wairr maze performance was carted out at weeks 

10 and termination. The following neuropathology measuremols were taken: alpha 

synuclein aligregatioil„ ,ynapiophy sin. and MAP-2. 	the t 0 I ly‘ i 1 1 ?.i; hiochcrnislr 
mcasto.ements V. ere laken: alpha S?.!IIICIL'ill, PS[W, s'11af(it,p).1y+111 	St'ICiled 

1111.11111ithdlIIII 311d coniiwai Libeling were carried out it ilw .7-.).1,,i4pli4, i:eutonal dud 

filial markers. 
/ 

1 01 4,9 	the resuth showed that all antibodiesiAcept 51/12., produced significant 
, i 

reduction in cz-syn acctunulat ion and preseiNition of synaptic and dendritic densities, 
X 

as well as positive outcomes in MWM pc ormauce. 	fbe 91.4 antibody k effective in 

in vurt,  and lb,  vivo suidie, tt-. lk ell a,‹ yeiciviotal as.say!4. 	Readouts indicate antibody 

may reduce neurnic:axonal alpha syliticlein aggregates. 

101461 	Behavioral Results: 1,14e 91:4 antibody improved Willer mita perfOrmance 

in 0:--s>nuclein transgemc nii 	. tFigurtN 3-4 	In conitast. Mr 5.1)12 antilxKly did not 

impro\ e water mare perk mance in tx-synuclem transgerac mice i. Figure 4i. The 9I -A 

and 1H7 antibodies un 	u'se'd pertOrmancr.! on the beam lest as measured both by 

speed and error ,. t v !teas the .', 1 )12 and 5( . 1 antibodgel did. not 4 hgure 4i, 

101471 	1\ curtly:aiming" Results: rhe 9E4, 1117 and 5(.1 antibodies reduced 

ELADW-105 	tsitive neuritic dystrophy. whereas the 51)11 antthodv did not. In 

alpha synn 	erns transgenie mice. the 9E4 antibody' reduced the area of neuropii by 

43% in 	eoeortex and by 400',, in basal ganglia as compared to control. The 91:A 

:,,,,ti5 q.l. 	::1;,. p:cserved Nywrophysiu and N1A1'.2 in net 	and basal ganglia. 

I 	\\IN.+ III. 	 Immunoprecipitation 

10 1 -1N1 	tai ramoprecipitation was pertOnned to test the binding efficacy of various 

versions of humanized 9}4 antibodies towards its antigen taken front diseased tissue 



I i..lre 	). 	I fit) ny, orkis-soluble brain lysates from Dementia 	 /entia with I cwy Body  

si hr. wzre immunoprc, pitated ., 	b 	 a 	 /r
,./  

5 py of each indicated 	mibody Utiilig Protein (i  

ii 	
. 

iitynetic beads (New I , 1. , .:i 	,ill.I.COS). Samples were washed 5 times with PliS:350 	/ 

/*/ . .,, 	the result:11F sample, 	resohed h 	SDS-PA( il-:. 	. ', 	.5'%. NP- 441. h ,.cd and ;WM NW 0 

.After blotting. inembianes were incubated with A.4503N (Millipure . a polvcIonal 

antibod) that detects total symiciein 	!he exneTinient was repeated liree tnue, to 	ir  

OTI III III aCellmai-v  

!AVANT, IV. 	 Western blot 	 ., 

101491 	Western blotting of recombinant human synuelein with mouse, chimeric and 

humanized 91.,4 	xties is shown in Fig= (i, Antibody dilution enoies were 

apparently similar for mouse, chimeric and humttan 	l)1 ,1 antibodies 	Ali alitllodie; 

detected a band at 28 Kt )a and a sect ind band a; 49 k I )a. 	the -.1A I )a .'.)and is likely a 

multitner of s!.'nuelem. 	 .., 

MI 501 	Indicated amoums of treombinant, baeterialk-eXpressed human wild-type 

synnelein were resolved t1S1IS PA( ►1`., and biato.17011 identical amounts of the 

iudienteit form of 1E4. Alta washing,. 1,ec ics-apptiviatv EVQI IN ,i) i1, '!:131 Zniih,odlo, 

eonjwated CO the  IR1 ye,..$00 au, irk >pllor wcr: 4011!ied., and the hi,  0 V:2,̀ ,  'A 	'''neks. 

fixposttre thnes woe ittri,:ii,-iil thr the diticrOil antihiidie., 

DOOSIT 

1111511 the following hybridoma has llee.n deposited under the provisions of the 

Budapest tivaty with the AniericipPrqe Culture CtIllection I A"1 C4. 	Box I 549, 
‘• 
/ 

Manassas. VA 20.108i on the (.1,Afte indicated_ This deposit will be maititaitiell at an 

authorized depository :end 	'. laced in the event of mutation, Rom iabdit)  or 

destruction for a period yl` at least live years idler the most recent request for release 

of a sample was re4,T4vied by the depository, for a petiockot"4i Ickla thirty }sta.'s after 

the date of the dev.,,,7% I r tr.:1;,' 1:3e enforceable life of tittrrelated patent. whichever 

period is longe", All te511*Hais on the availability to the public of these cell lines 

will be inv.' . 	'ably remmed upon the issuance of a patent from the application. 

Nioni,4,na1 ! C'etl Line 	 ITitope, Spcv] rwit. 	Isoiype Date of I A:i..essiOn 
anti 	ty 	1 	 • • tkposit ; No. 
)1 	 I 7.9F4.3 17,1 	1,12 

i M 
	

' 	
plia-synnclIfti '1 Feb. 	; PTA- 

, i 	007 	 , • . 
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1,4'11A l' IS CI 	.1) IS. 

1 	An antibody comprising a ma 	re wavy chain variable re} ion col prising the three 

Kahat CDIts of SF() Ii.) NO 	and being at least 90% identical to SLQ II) NO:11, 

and a light chain comprising the three 	CDIts of SF() It) NO:4, and being at 

least 90', A L';illea I NI 	'11 (,) II) NI. 1.4. 

.. 1. 	antibody of claim 	• 	 • the mature heavy, chachain- 	ible retr,ion 	xs an 

amino acid sequence designated SFQ II) NO:I0 and the mature 	c 	lanai 

region has an amino acid sequence desvpated SL()  ID NO:,‘. 	
sI  

.." 
1. 	I 	antibody o: , 	i 0. I. '0, , 	-, 11;,- nature heavy chain vaixible region ha 	an 

amino acid scqucnc 	; 	- elated 'NIX,/ 11) Nt ).10 and the m 	
i

ati,ne light chain variable 

region has an aniintt 	nucnce designated SI:Q 11) NV, :. 

/ 

4. -iile antiboti 	o 	i 	, wherein the maul 	. 	.?r? t"anL3sh1C r gion has an 

acid sentience i,lesigna'.ed sb(,) II) NO.s 	i t to mature light chain variable 

re .ion has an amino acid ' .qu 1 	c designate/SEQ it) N():3. 

11Ic antiht ,1  \ ”I ;•[:sigh l 	wherein t 	mature heavy chain variable region has an 

amino 	c 	,I.,-,... ... -] 	:::eel SI- ..) 11) NO:s and the mature light chain variable 

region has an ammo acid sequ i 	lesilmatcd St 0 11) No.):-1 

6. I he at 	of chicle? 	. 	herein the mature Iteas-,!  cha 	. 	on has an 

an int acid sequence k 	...na 	d SI-(II ID N(): 	and the mature liglu • 	m ‘artabie 

c...:i,,i: ::;:., 	inir 	. 	.I ..e.'qu,.. 	l 	k signa tcd SW II) N( ).. 

7. The anti 	y of claim 1, wherein the mature heavy chain variable region has an 

amino act . 	equence designated S14) II) NO:') and the mature light chain variable 

:,,e, 	iii, all al'Ilint ac=id sequence dcsiintated SFQ II) NO:3 

Dieantibody` of -1.'1111? n the nature heavy chain variable re i it Itas 	an 

amino acid sequence desspiated SI.(s) ID NO;9 and the mature 	}, 	chain variable 

region has an amino acid sequence designated SLO II) ti( i7•1 



. 	 . 	 / 	 IP 
), / 

9. The antibody of claim 1. Nv herein the mature beav-y l ham variabk- leinon has an 	.: 

amino acid sequence designated SF() ID Nt 	and the mature light Chalon variable 

region has an ammo acid sequence designated SliQ ID NO:5. 

10. 1 he anttb, sty Of 	taint 1... Sh.hgreln 03C'Hiatim: heavy chain variable re:von/has an 

amino aeitilequer.ce ‘!,..-, ,,2:,,tk,w,t Si Q ID tit /:10 :mil the 111..salre Ililla dlakti •atietok 

region has an ammo ;w:,1sctitience decimated SEQ II) NA ):4, 

ii. The antibody orcluirn I. %%10 c.in the mato beau 	chain variable !, ,,7vt ur. ha, am;  

Aininilacidtequence designated SEC) ID NO:11 and the mature light chain Varabic 

niijeirt has an amino acid sequence designated SPX) ID NO:'1. 

12. The antibody of claim 1. wherein the ilat , I:v1:cav:..11;iiiivariable region has au 

amino acid sequence designated St:Q II) `..t ,: :1 and the mature light chain variable 

region has an amino acid sequence designated SEQ ID M ):4. 

13. The antilloth of : lain; I. v, herein the fliature hea% v chain Nicr,:bic ieglon 	la,. an 

amino acid sentience designated SEt) 0) \I( )•1 I and the mature tight ;ham variable 

region has an amino acid sequence 0:sign:nett SEQ ID NO:5. 

/ 
14. Die antibody of claim I, ).4.tereni the mature heavy chain variable :vgion t 	;ii 

least 95% identical to Ski) II) NO:1 1 and mature light chain variable region is at least 

45% identical IQ .$,LQ. ID 	Y.', 
I 

15. The antibod)Aciairn I. wherein the mature }tea% y chain Nariahic legion has an 

amino acid seqttnice at least 9g% identical to Sic) II) NO:II and the mature light 

chain vartabV region has an amino acid sequence at lea:0 95`;'1) identical to SI'V It) 

NO:4. 	/ 

1 
In./he anoiN,d:,, of claim I. wherein the inaturc heav:k. chain variable reyion has an 

a tit ° acid sequence at least 49% RICHT meal to SLQ II) Nt ): I I and the mature light 

chain variable region has an amino acid sentience at least 95% identical to SH) II.) 

NO:4. 
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17. The antibody of claim 1, therein the mature heavy chain variable region has the 

amino acid sequence of SI•0 II) N(.)•11 and the manne light chain variable region 1i 

an amino acid sequence at least 95% identical to SR/ 11) NO $, 	
/ 

. 

IS. -Ile antibody of claim 1, wherein the mange hiliVy Vh3111 variable regicyri has an 

amino acid sequence at least 95% idem foal to Skt,t.1.1) NO•11 and the manne light 

chain variable region ha 	an ammo acid Setillel)Ce :n :ica.st '.00,-.; idellic-41 to SEQ it) 

\0:4. 

19. 1-he antibody Of claim I, wherein the mature Ilea% y chain , ariable region has an 

amino acid sequence at least 95`1'.. identical to Sii.() 11) tic )1 1 and the: mature light 

chain variable region ha. an iinigtowid sequence al leas,r99'3i. identical to SR) 11) 

NO:4, 	 • 

20. -Ile antibody of claim 1... wherein the maturiOttavy chain variable r 	?ion has an 

amino acid sequence at least 95% idern icia,i10$14) 11) NOi 1 1 and the mature light 

chain variable region ha. an amino acid sectiienee designated SEt) II) N(t:4, 

21. The antibody of claim 1, where'll Att.: mature Ilea% y chain variable region has an 

amino acid sequence at (cast `+ 79..i. eiusical to SEQ II) NO:11 and the mature light 
/ 

chain variable region has au antirio acid sequence at least kW:-.,, idcnilezd 10 SF() II) 

NO:4.  

.„' 

22. The ar.tib4.Kly of elayil I , wherein the mature heavy chain variable region has an 

atnini, acid .c,  a“.nk:,.• at !;a,l o'I', identical to S1(;) ID N( 	t and the maitre tight 

chain variable rcitivi; ha... an amino acid sequence at least 99% identical to SEW~) 11) 
,,/ 

NO:4. 	,, 
/ 

, / 
/ 

2.1. 	The at,  ibody of cic m-. i, r ,,viktc4,1 thakposilionl.,30 t,,Kahat numbering) is 

occupiety v F. 

24. / Ile antibody of claim I. provided that position 1..Iil (Kabat numbering) is 

.4 cupied by 

.19 



25. [he antibody of claim I, provided that position 1173 (Kabai numberin(?) is 

occupied by I). 

26. The antibody ofelaim 1. provided that position 1193 (Kabat numbering) is 

occupied by S. 

27. The antibody of claim I, provided that position 1193 (Kabat numbering) IS 

occupied by A. 

28. The antibody of claim 1. wherein the amino acid sequence of the ntature heavy 

chain variable region is SF() 11) NO:11 aral the amino acid sequence of the mature 

light chain variable region is SD) ID NO:4 except provided that position 1.36 (Kabat 

numbering) can be occupied by Y.  or F. position .1.83 (Kabat numbering) can be 

occupied by V or L, position 1173 (Kahat numbering) can be occupied by N or I) and 

position 1193 (Kabat numbering) can be occupied by A or S. 

29. A antibody comprising a humanized heavy chain comprising the three Kabat 

C.T)Rs of SEQ.  II) NO:11 and a humanized light chain conwrising the three ('I )1,Zs of 

S.FX,)11) NO:4 provided that position L36 (Rabat numbering) is occupied by F and/or 

position L83 (Kabat numbering) is occupied by I. andiOr position 1173 (Kabul 

numbering) is occupied by 1). andlor position 1193 (Kubat numbering) is occupied by 

S. 

30. 'rile antibody of claim 29. wherein position L36 (Rabat numbering) is occupied by 

V and Posilitnt 1173 (.Kabat nurnbering) is occupied by I), and position 1193 (Kabat 

numbering) is occupied by. S. 

31. The antibody of claim 29, wherein position 1.36 (Kabat numbering) is occupied by 

F and position 1193/(Kabat numbering) is occupied by S. 

1 

32. The antibody of claim :9, wherein position 1.36 (Kabat numbering) is occupied by 

I' and positiOn 1173 (Kahat numbering) is occupied by D. 
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33. The antibody of claim 29. wherein position 1173 (Kul-m.1 numbering) is occupied 

by I) and position 1193 (Kabat numbering) is occupied by S. 

34. The antibody of claim 29, wherein position 1193 (Kabat numbering) is occupied .-. 

by S. 

3.'il. The antibody of claim 29, wherein position 1173 (Kabat numbering) is occupied 

by D. 

36. 'I. he antibody of claim 29, wherein position 1..36 (Kabat numbering) is occupied by 

F and position 1.83 (Kabitt numbering) is occupied by 1. and positiOn 1173 (Kabat 

numbering) is occupied by 1), and position .1193 (Kabat numbering) is occupied by S. 

37. The antibody of claim 29, wherein position 1.36 (Kabat numbering) is occupied by 

F and position L83 (Kabat numbering) is occupied by L -and position 1-193 (Kabat 

munbering) is occupied by S. 

38. 'Me antibody of claim 29, wherein position t36 t Kabat numbering) is occupied by 

1 and position L83 (Kabul: numbering) is oeCupied by 1: and position 1173 t Kabat 

muubering) is occupied by .1). 

39. 'l'hc antibody of any preceding, claim, wherein the mature heavy chain variable 

re!ii in is fitsed to a heavy chain constant region and the mature light chain constant 

region is fused to a light chain constant region. 

40. The antibody of slant) 39, wherein the heavy chain constant region has the amino 

acid sequence designated SF() II) NO:14 provided the C-terminal lysine residue may 

be omitted. 

41. The antibody of claim 39, wherein the light chain constant region has the amino 

aeid sequence designated SFQ 11) NO:13. 
i 

/ 

42. The antibody of claim :39, wherein the light chain has the constant region 

designated SL.0 ID NO: S. ,_. 
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43. The antibody of any preceding claim, wherein the heavy chain constant region is :' 

a mutant form of natural human constant region which has reduced binding to an re-( 

receptor relative to the natural human constant region. 

44. 'I lie antibody of any preceding claim. wherein the heavy chain constant region is 

of human IgG1 isotype. 

45. A nucleic acid encoding a mature- heavy chain variable region and'or a mature 

light chain variable region as defined by any preceding claim. 

46. The nucleic acid of claim 45 having a sequence comprising any one o .SFQ If) 

NO:15, 17, 18. 19, and 20. 

47. A host cell comprising. a vector comprising the nucleic acid of claim 45 or 46. 

48. A method of treating a patient having oral risk of a synueleinopathy, comprising 

administering to the patient an effective regime of an antibody us defined by any of 

claims 1-40. 	
. 

49. The method of claim 48, w11t:7"ein the patient has UN sleep behavior disorder 

(R13D). 	 I'  

50. A method of detecting 1..cwy bodies in a patient having or at risk of a Lowy body 

disease. comprising a4fuinistering to the patient an effective amount of an antibody as 

defined by any of claims 1.44, wherein the antibody binds to I .ewy bodies, and 

detecting bound antibody in the patient. 

51. 'I'he mod od of claim 50, wherein the antibody is labeled. ? 

i i 
/ 

/ 
52. Vtnethod of reducing Lew),  body formation in a patient having or at risk of a 

1..e‘„Vy body disease, coin-wising administering to the patient an effective amount of an 
,,„ 

Otibody as defined by any of claims 1-44. 
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Y3. A method of inhibiting synacleiu aggregation or reducing Les,vy bodies or 
... 

synucicin aggregates in a patient having or at risk of a I.ewy body disease, comprising 

administering to the patient an effective amount. of an antibody as defined by any of 

claims 1-44. 

54. The method of any of claims 4g-53, wherein the disease is Parkinson s disease. 

55. The method of any of claims 48-53. wherein the disease is multiple system 

atrophy (MSA) or Dementia with 1,ewy Bodies (1.)1,13.1 

56. A pharmaceutical composititin comprising art initibodYas defined by any of 

claims 1-44. 

'Y. A method of producing an antibody, ck.tinprisittit, culturing cells transformed with 
. 	... 
nucleic acids encoding the heavy and light chalos

/-
of the antibody, so that the cell 

secrete the antibody: and purifying the antibody from cell cultitre media: wherein the 

antibody de lined by any of claims 1-44. 

..z. A method of producing a cell line producing a antibody. comprising introducing a 

vector encoding heavy and light chains of an antibody and a selectable marker into 

cells: propagating the cells under' conditions to select for cells having increased copy 

number of the vector; isolating single cells from the selected cell; and banking cells 

cloned from a single cell selected based on yield of antibody: wherein the antibody is 

an antibody as defined
/ 
 bY any of claims 1-44. 

? / 

59. The method of Anil' 5g. further eomprising propagating the cells tinder selective 

conditions and screening fir cell lines naturally expressing and secreting at least 100 

night ..10' celhy24 h. 

/ 
/ 

60. The. z ethod Of any of ektinis 48, 52.-.'.i3, wherein decline of cognitive function in 

the p4ient :s inhibited. 

/ 
t%. the method of any of claims 48, 52-53, wherein neuritic and/or axonal alpha 
( 
synuclein al...gregates arc reduced. 
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,., / 
,/ 

62. The meil.toi.1 or :ILL of %(x:111. -:s. S2 	fi.;. 'A*1.0:rein :win -:k tlirophy in th patimt 

.., 	v.:kith's...J. 

63. Ti?‘.. Tit...2,::10‘4. ‘,1::r\ 

i,  pi‘..•,zervee.. 

i.,4 	The method o'....lits 

ot. ..'.o.ilr., 	ts.. s12.-.2.. 

t ,i' 	•la lir. •:s. S2 ,5.1. 

%,s1:kr.ein 

\sten:in 

,y.wirsik .tap 	oy',1„,/hiv'ri;% 

ihe met'AsKi pre..4els l'l 

den:;::, 

SYnall:•(TII.Y ill :Intiftlr  M \P2 ill the  PLitienl.  

ifP 

i 
/ 

. 
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Humanized Antibodies that Recognize Alpha-Synuclein 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] 	This application claims priority to U.S. Provisional Patent Application No. 

61/553,131, filed October 28, 2011, and U.S. Provisional Patent Application No. 

61/711,208, filed October 8, 2012, each of which is incorporated by reference in the 

entirety for all purposes. 

REFERENCE TO A SEQUENCE LISTING 

[0002] 	The Sequence Listing written in file 424859SEQLIST.txt is 34 kilobytes and 

was created on October 24, 2012. The infolination contained in this file is hereby 

incorporated by reference. 

BACKGROUND 

[0003] 	Synucleinopathies also known as Lewy body diseases (LBDs), are 

characterized by degeneration of the dopaminergic system, motor alterations, 

cognitive impairment, and formation of Lewy bodies (LBs) and/or Lewy neurites. 

(McKeith et al., Neurology (1996) 47:1113-24). 	Synucleinopathies include 

Parkinson's disease (including idiopathic Parkinson's disease), Diffuse Lewy Body 

Disease (DLBD) also known as Dementia with Lewy Bodies (DLB), Lewy body 

variant of Alzheimer's disease (LBV), Combined Alzheimer's and Parkinson disease, 

pure autonomic failure and multiple system atrophy (MSA; e.g., Olivopontocerebellar 

Atrophy, Striatonigral Degeneration and Shy-Drager Syndrome). Several nonmotor 

signs and symptoms are thought to be harbingers for synucleinopathies in the 

prodromal phase of the diseases (i.e, the presymptomatic, subclinical, preclinical, or 

premotor period). Such early signs include, for example, REM sleep behavior 

disorder (RBD), loss of smell and constipation (Mahowald et al., Neurology (2010) 

75:488-489). Lewy body diseases continue to be a common cause for movement 

disorders and cognitive deterioration in the aging population (Galasko et al., Arch. 

Neurol. (1994) 51:888-95). 

[0004] 	Alpha-synuclein is part of a large family of proteins including beta- and 

gamma- synuclein and synoretin. Alpha-synuclein is expressed in the normal state 

associated with synapses and is believed to play a role in neural plasticity, learning 
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and memory. Several studies have implicated alpha-synuclein with a central role in 

PD pathogenesis. The protein can aggregate to form insoluble fibrils in pathological 

conditions. For example, synuclein accumulates in LBs (Spillantini et al., Nature 

(1997) 388:839-40; Takeda et al., J. Pathol. (1998) 152:367-72; Wakabayashi et al., 

Neurosci. Lett. (1997) 239:45-8). Mutations in the alpha-synuclein gene co-segregate 

with rare familial forms of parkinsonism (Kruger et al., Nature Gen. (1998) 18:106-8; 

Polymeropoulos, et al., Science (1997) 276:2045-7). Over expression of alpha 

synuclein in transgenic mice (Masliah et al., Science (2000) 287:1265-9) and 

Drosophila (Feany et al., Nature (2000) 404:394-8) mimics several pathological 

aspects of Lewy body disease. In addition, it has been suggested that soluble 

oligomers of synuclein may be neurotoxic (Conway KA, et al., Proc Natl Acad Sci 

USA (2000) 97:571-576; VollesMJ, Lansbury PT, Jr Biochemistry (2003) 42:7871- 

7878). The accumulation of alpha-synuclein with similar morphological and 

neurological alterations in species and animal models as diverse as humans, mice, and 

flies suggests that this molecule contributes to the development of Lewy body disease. 

SUMMARY OF THE CLAIMED INVENTION 

[0005] The invention provides antibodies comprising a mature humanized heavy 

chain variable region comprising the three Kabat CDRs of SEQ ID NO:11, and being 

at least 90% identical to SEQ ID NO:11, and a humanized light chain comprising the 

three Kabat CDRs of SEQ ID NO:4, and being at least 90% identical to SEQ ID 

NO:4. In some antibodies, the mature heavy chain variable region is at least 95%, 

96%, 97%, 98%, or 99% identical to SEQ ID NO:11 and mature light chain variable 

region is at least 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO:4. In some 

antibodies position L36 (Kabat numbering) can be occupied by Y or F, position L83 

(Kabat numbering) can be occupied by F or L, position H73 (Kabat numbering) can 

be occupied by N or D and position H93 (Kabat numbering) can be occupied by A or 

S. In some of such antibodies the amino acid sequence of the mature heavy chain 

variable region is otherwise that of SEQ ID NO:11 and the amino acid sequence of 

the mature light chain variable region is otherwise that of SEQ ID NO:4. 

[0006] In some antibodies, the mature heavy chain variable region has an amino acid 

sequence designated SEQ ID NO:8 and the mature light chain variable region has an 

amino acid sequence designated SEQ ID NO:3. In some antibodies, the mature heavy 

chain variable region has an amino acid sequence designated SEQ ID NO:8 and the 
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mature light chain variable region has an amino acid sequence designated SEQ ID 

NO:4. In some antibodies, the mature heavy chain variable region has an amino acid 

sequence designated SEQ ID NO:8 and the mature light chain variable region has an 

amino acid sequence designated SEQ ID NO:5. In some antibodies, the mature heavy 

chain variable region has an amino acid sequence designated SEQ ID NO:9 and the 

mature light chain variable region has an amino acid sequence designated SEQ ID 

NO:3. In some antibodies, the mature heavy chain variable region has an amino acid 

sequence designated SEQ ID NO:9 and the mature light chain variable region has an 

amino acid sequence designated SEQ ID NO:4. In some antibodies, the mature heavy 

chain variable region has an amino acid sequence designated SEQ ID NO:9 and the 

mature light chain variable region has an amino acid sequence designated SEQ ID 

NO:5. In some antibodies, the mature heavy chain variable region has an amino acid 

sequence designated SEQ ID NO:10 and the mature light chain variable region has an 

amino acid sequence designated SEQ ID NO:3. In some antibodies, the mature heavy 

chain variable region has an amino acid sequence designated SEQ ID NO:10 and the 

mature light chain variable region has an amino acid sequence designated SEQ ID 

NO:4. In some antibodies, the mature heavy chain variable region has an amino acid 

sequence designated SEQ ID NO:10 and the mature light chain variable region has an 

amino acid sequence designated SEQ ID NO:5. In some antibodies, the mature heavy 

chain variable region has an amino acid sequence designated SEQ ID NO:11 and the 

mature light chain variable region has an amino acid sequence designated SEQ ID 

NO:3. In some antibodies, the mature heavy chain variable region has an amino acid 

sequence designated SEQ ID NO:11 and the mature light chain variable region has an 

amino acid sequence designated SEQ ID NO:4. In some antibodies, the mature heavy 

chain variable region has an amino acid sequence designated SEQ ID NO:11 and the 

mature light chain variable region has an amino acid sequence designated SEQ ID 

NO:5.  

100071 The invention further provides an antibody comprising a humanized heavy 

chain comprising the three Kabat CDRs of SEQ ID NO:11 and a humanized light 

chain comprising the three CDRs of SEQ ID NO:4 provided that position L36 (Kabat 

numbering) is occupied by F or Y and/or position L83 (Kabat numbering) is occupied 

by L or F and/or position H73 (Kabat numbering) is occupied by D or N, and/or 

position H93 (Kabat numbering) is occupied by S or A. In some such antibodies, 

position L36 (Kabat numbering) is occupied by F and position H73 (Kabat 

3 

ipos
Rectangle

ipos
Rectangle

ipos
Line



WO 2013/063516 
	

PCT/US2012/062290 

numbering) is occupied by D, and position H93 (Kabat numbering) is occupied by S. 

In some such antibodies, position L36 is occupied by F. In some such antibodies, 

position L83 is occupied by L. In some such antibodies position H73 is occupied by 

D. In some such antibodies, position H93 is occupied by A. In some such antibodies, 

position L36 is occupied by F and position L83 is occupied by L. In some such 

antibodies, position L36 is occupied by F and position H73 is occupied by D. In some 

such antibodies, position L36 is occupied by F and position H93 is occupied by A. In 

some such antibodies, position L36 is occupied by F, position L83 is occupied by L 

and position H73 is occupied by D. In some such antibodies, position L36 is 

occupied by F, position L83 is occupied by L and position H93 is occupied by A. In 

some such antibodies, position L 36 is occupied by F, position L83 is occupied by L, 

position H73 is occupied by D and position H93 is occupied by A. In some such 

antibodies, residues at positions L36, L83, H73 and H93 (Kabat numbering) are 

occupied by amino acids as indicated in Table 1 is occupied by F and position H73 

(Kabat numbering) is occupied by D, and position H93 (Kabat numbering) is 

occupied by A. In some such antibodies, position L36 (Kabat numbering) is occupied 

by F and position H93 (Kabat numbering) is occupied by S. In some such antibodies, 

position H73 (Kabat numbering) is occupied by D and position H93 (Kabat 

numbering) is occupied by S. In some such antibodies, position H73 (Kabat 

numbering) is occupied by D and position H93 (Kabat numbering) is occupied by A. 

In some such antibodies, position H93 (Kabat numbering) is occupied by S. In some 

such antibodies, position H73 (Kabat numbering) is occupied by N. In some such 

antibodies, position L36 (Kabat numbering) is occupied by F, position L83 (Kabat 

numbering) is occupied by L, position H73 (Kabat numbering) is occupied by D, and 

position H93 (Kabat numbering) is occupied by S. In some such antibodies, position 

L36 (Kabat numbering) is occupied by F ,position L83 (Kabat numbering) is occupied 

by L and position H93 (Kabat numbering) is occupied by S. 

[0008] In any of the above antibodies, the mature heavy chain variable region can be 

fused to a heavy chain constant region and the mature light chain constant region can 

be fused to a light chain constant region. 

[0009] In any of the above antibodies, the heavy chain constant region can be a 

mutant form of natural human constant region which has reduced binding to an Fey 

receptor relative to the natural human constant region. 
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[0010] In any of the above antibodies, the heavy chain constant region can be of 

human IgG1 isotype. In some antibodies the allotype is G1m3. In some antibodies, 

the allotype is Glml. 

[0011] The invention further provides a nucleic acid encoding any of the above-

mentioned mature heavy chain variable regions and/or any of the above-mentioned 

mature light chain variable region, e.g., SEQ ID NO:15, 17, 18, 19, and 20. 

[0012] The invention further provides a host cell comprising a vector comprising any 

of the nucleic acids described above. 

[0013] The invention further provides a method of treating a patient having or at risk 

of a Lewy body disease, comprising administering to the patient an effective regime 

of any of the above-mentioned antibodies. In some methods, the disease is 

Parkinson's disease. 	In some methods, decline of cognitive function in the patient is 

inhibited. 	In some methods, neuritic and/or axonal alpha synuclein aggregates are 

reduced. In some methods, neuritic dystrophy in the patient is reduced. In some 

methods, synaptic and/or dendritic density is preserved. In some methods, the method 

preserves synaptophysin and/or MAP2 in the patient. 

[0014] The invention further provides a method of treating a patient having or at risk 

of synucleinopathy, comprising administering to the patient an effective regime of any 

of the above-mentioned antibodies. In some methods, the disease is Parkinson's 

disease. In some methods, the disease is REM sleep behavior disorder (RBD). In 

some methods, the disease is Dementia with Lewy Bodies (DLB) or multiple system 

atrophy (MSA). In some methods, decline of cognitive function in the patient is 

inhibited. 	In some methods, neuritic and/or axonal alpha synuclein aggregates are 

reduced. In some methods, neuritic dystrophy in the patient is reduced. In some 

methods, synaptic and/or dendritic density is preserved. In some methods, the method 

preserves synaptophysin and/or MAP2 in the patient. 

[0015] The invention further provides methods of detecting Lewy bodies in a patient 

having or at risk of a Lewy body disease, comprising administering to the patient an 

effective amount of any of the above-mentioned antibodies, wherein the antibody 

binds to Lewy bodies and bound antibody is detected. In some methods, the disease 

is Parkinson's disease. In some methods, the disease is Dementia with Lewy Bodies 

(DLB) or multiple system atrophy (MSA). In some methods, the antibody is labeled. 

[0016] The invention further provides a method of reducing Lewy body formation in 

a patient having or at risk of a Lewy body disease, comprising administering to the 
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patient an effective amount of any of the above-mentioned antibodies. In some 

methods, the disease is Parkinson's disease. In some methods, the disease is 

Dementia with Lewy Bodies (DLB) or multiple system atrophy (MSA). In some 

methods, decline of cognitive function in the patient is inhibited. 	In some methods, 

neuritic and/or axonal alpha synuclein aggregates are reduced. In some methods, 

neuritic dystrophy in the patient is reduced. In some methods, synaptic and/or 

dendritic density is preserved. In some methods, the method preserves synaptophysin 

and/or MAP2 in the patient. 

[0017] The invention further provides a method of inhibiting synuclein aggregation or 

clearing Lewy bodies or synuclein aggregates in a patient having or at risk of a Lewy 

body disease, comprising administering to the patient an effective amount of any of 

the above-mentioned antibodies. In some methods, the disease is Parkinson's disease. 

In some methods, the disease is Dementia with Lewy Bodies (DLB) or multiple 

system atrophy (MSA). In some methods, decline of cognitive function in the patient 

is inhibited. 	In some methods, neuritic and/or axonal alpha synuclein aggregates are 

reduced. In some methods, neuritic dystrophy in the patient is reduced. In some 

methods, synaptic and/or dendritic density is preserved. In some methods, the method 

preserves synaptophysin and/or MAP2 in the patient. 

[0018] The invention further provides a pharmaceutical composition comprising any 

of the above-mentioned antibodies. 

[0019] The invention further provides a method of producing an antibody, 

comprising culturing cells transformed with nucleic acids encoding the heavy and 

light chains of the antibody, so that the cell secrete the antibody; and purifying the 

antibody from cell culture media; wherein the antibody is any of the antibodies 

described above. 

[0020] The invention further provides a method producing a cell line producing an 

antibody, comprising introducing a vector encoding heavy and light chains of an 

antibody and a selectable marker into cells; propagating the cells under conditions to 

select for cells having increased copy number of the vector; isolating single cells from 

the selected cell; and banking cells cloned from a single cell selected based on yield 

of antibody; wherein the antibody is any of the antibodies described above. Some 

such methods further comprises propagating the cells under selective conditions and 

screening for cell lines naturally expressing and secreting at least 100 mg/L/106  

cells/24 h. 
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BRIEF DESCRIPTION OF THE FIGURES 

[0021] 	FIG. 1 shows an alignment of the amino acid sequences of the parental 

murine mAb (referred to as m9E4) with the humanized 9E4 heavy chain mature 

variable region. 1791009Hu9E4VHFr (SEQ ID NO:7) is human acceptor VH  

sequence. CDR regions according to Kabat definition are underlined and in bold. 

[0022] 	FIG. 2 shows an alignment of the amino acid sequences of the parental 

murine mAb (referred to as m9E4) with the humanized 9E4 light chain mature 

variable region. 63102889Hu9E4VLFr (SEQ ID NO:2) is human acceptor VL  

sequence. CDR regions according to Kabat definition are underlined and in bold. 

[0023] 	FIG. 3 shows the results of passive immunotherapy with 9E4 on memory 

performance in probe portion of the Morris water maze test. 

[0024] 	FIG. 4 shows the results of passive immunotherapy with 9E4 on speed and 

errors in the round beam test. 

[0025] 	FIG. 5 shows immunoprecipitation of various versions of humanized 9E4 

antibodies towards its antigen taken from diseased tissue. Ch9E4: chimeric 9E4; 

H1L3: Hu9E4VHv1- Hu9E4VLv3; H3L2: Hu9E4VHv3- Hu9E4VLv2; H3L3: 

Hu9E4VHv3- Hu9E4VLv3; N.S.=non-specific. 

[0026] 	FIG. 6 shows Western blotting of recombinant human synuclein with 

mouse, chimeric and humanized 9E4 antibodies. 

BRIEF DESCRIPTION OF THE SEQUENCES 

[0027] 	SEQ ID NO:1 is the amino acid sequence of m9E4VL variable region. 

[0028] 	SEQ ID NO:2 is the amino acid sequence of 63102889Hu9E4VLFr variable 

region. 

[0029] 	SEQ ID NO:3 is the amino acid sequence of Hu9E4VLvl variable region. 

[0030] 	SEQ ID NO:4 is the amino acid sequence of Hu9E4VLv2 variable region. 

[0031] 	SEQ ID NO:5 is the amino acid sequence of Hu9E4VLv3 variable region. 

[0032] 	SEQ ID NO:6 is the amino acid sequence of m9E4VH variable region. 

[0033] 	SEQ ID NO:7 is the amino acid sequence of 1791009Hu9E4VHFr variable 

region. 
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[0034] 	SEQ ID NO:8 is the amino acid sequence of Hu9E4VHv1 variable region. 

[0035] 	SEQ ID NO:9 is the amino acid sequence of Hu9E4VHv2 variable region. 

[0036] 	SEQ ID NO:10 is the amino acid sequence of Hu9E4VHv3 variable region. 

[0037] 	SEQ ID NO:11 is the amino acid sequence of Hu9E4VHv4 variable region. 

[0038] 	SEQ ID NO:12 is the amino acid sequence of natural human wild-type 

alpha-synuclein. 

[0039] 	SEQ ID NO:13 is the amino acid sequence of humanized 9E4 light chain 

constant region, with Arginine at the N-terminus. 

[0040] 	SEQ ID NO:14 is the amino acid sequence of humanized 9E4 heavy chain 

constant region . 

[0041] 	SEQ ID NO:15 is the nucleotide sequence of Hu9E4VLv1 variable region. 

[0042] 	SEQ ID NO:16 is the nucleotide sequence of Hu9E4VLv2 variable region. 

[0043] 	SEQ ID NO:17 is the nucleotide sequence of Hu9E4VLv3 variable region. 

[0044] 	SEQ ID NO:18 is the nucleotide sequence of Hu9E4VHvl variable region. 

[0045] 	SEQ ID NO:19 is the nucleotide sequence of Hu9E4VHv2 variable region. 

[0046] 	SEQ ID NO:20 is the nucleotide sequence of Hu9E4VHv3 variable region. 

[0047] 	SEQ ID NO:21 is the nucleotide sequence of Hu9E4VHv4 variable region. 

[0048] 	SEQ ID NO:22 is the amino acid sequence of Hu9E4VL signal peptide. 

[0049] SEQ ID NO:23 is the nucleotide sequence of Hu9E4VL signal peptide. 

[0050] SEQ ID NO:24 is the amino acid sequence of Hu9E4VH signal peptide. 

[0051] 	SEQ ID NO:25 is the nucleotide sequence of Hu9E4VH signal peptide. 

[0052] 	SEQ ID NO:26 is the Hu9E4VL consensus amino acid sequence. 

[0053] 	SEQ ID NO:27 is the Hu9E4VH consensus amino acid sequence. 

[0054] 	SEQ ID NO:28 is the amino acid sequence of humanized 9E4 light chain 

constant region, without the Arginine at the N-terminus. 
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[0055] 	SEQ ID NO:29 is the amino acid sequence of the version 3humanized 9E4 

light chain comprising (a) a variable region and (b) a constant region with Arginine at 

the N-terminus. 

[0056] 	SEQ ID NO:30 is the amino acid sequence of the version 3humanized 9E4 

light chain comprising (a) a variable region and (b) a constant region without the 

Arginine at the N-terminus. 

[0057] 	SEQ ID NO:31 is the amino acid sequence of the version 3 humanized 9E4 

heavy chain comprising a variable region and a constant region. 

[0058] 	SEQ ID NO:32 is the amino acid sequence of the BIP version of humanized 

9E4 heavy chain Glm3 allotype constant region. 

DEFINITIONS 

[0059] 	Monoclonal antibodies are typically provided in isolated form. This means 

that an antibody is typically at least 50% w/w pure of proteins and other 

macromolecules arising from its production or purification but does not exclude the 

possibility that the monoclonal antibody is combined with an excess of 

pharmaceutical acceptable carrier(s) or other vehicle intended to facilitate its use. 

Sometimes monoclonal antibodies are at least 60%, 70%, 80%, 90%, 95 or 99% w/w 

pure of proteins and other macromolecules from production or purification. 

[0060] 	Specific binding of a monoclonal antibody to its target antigen means an 

affinity of at least 106, 107, 108, 109, or 1010  M-1. Specific binding is detectably higher 

in magnitude and distinguishable from non-specific binding occurring to at least one 

unrelated target. Specific binding can be the result of formation of bonds between 

particular functional groups or particular spatial fit (e.g., lock and key type) whereas 

nonspecific binding is usually the result of van der Waals forces. Specific binding 

does not however necessarily imply that a monoclonal antibody binds one and only 

one target. 

[0061] 	The basic antibody structural unit is a tetramer of subunits. Each tetramer 

includes two identical pairs of polypeptide chains, each pair having one "light" (about 

25 I(Da) and one "heavy" chain (about 50-70 kDa). The amino-terminal portion of 

each chain includes variable region of about 100 to 110 or more amino acids primarily 

responsible for antigen recognition. This variable region is initially expressed linked 

to a cleavable signal peptide. The variable region without the signal peptide is 
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sometimes referred to as a mature variable region. Thus, for example, a light chain 

mature variable region means a light chain variable region without the light chain 

signal peptide. The carboxy-teiininal portion of each chain defines a constant region 

primarily responsible for effector function. 

[0062] 	Light chains are classified as either kappa or lambda. Heavy chains are 

classified as gamma, mu, alpha, delta, or epsilon, and define the antibody's isotype as 

IgG, IgM, IgA, IgD and IgE, respectively. Within light and heavy chains, the variable 

and constant regions are joined by a "J" region of about 12 or more amino acids, with 

the heavy chain also including a "D" region of about 10 or more amino acids. (See 

generally, Fundamental Immunology (Paul, W., ed., 2nd ed. Raven Press, N.Y., 1989, 

Ch. 7, incorporated by reference in its entirety for all purposes). 

[0063] 	The mature variable regions of each light/heavy chain pair form the antibody 

binding site. Thus, an intact antibody has two binding sites. Except in bifunctional or 

bispecific antibodies, the two binding sites are the same. The chains all exhibit the 

same general structure of relatively conserved framework regions (FR) joined by 

three hypervariable regions, also called complementarity determining regions or 

CDRs. The CDRs from the two chains of each pair are aligned by the framework 

regions, enabling binding to a specific epitope. From N-terminal to C-terminal, both 

light and heavy chains comprise the domains FR1, CDR1, FR2, CDR2, FR3, CDR3 

and FR4. The assignment of amino acids to each domain is in accordance with the 

definitions of Kabat, Sequences of Proteins of Immunological Interest (National 

Institutes of Health, Bethesda, MD, 1987 and 1991), or Chothia & Lesk, J. Mol. Biol. 

196:901-917 (1987); Chothia et al., Nature 342:878-883 (1989). Kabat also provides 

a widely used numbering convention (Kabat numbering) in which corresponding 

residues between different heavy chains or between different light chains are assigned 

the same number (e.g., H83 means position 83 by Kabat numbering in the mature 

heavy chain variable region; likewise position L36 means position 36 by Kabat 

numbering in the mature light chain variable region). 

[0064] 	The term "antibody" includes intact antibodies and binding fragments 

thereof Typically, fragments compete with the intact antibody from which they were 

derived for specific binding to the target including separate heavy chains, light chains 

Fab, Fab', F(ab')2, F(ab)c, diabodies, Dabs, nanobodies, and Fv. Fragments can be 

produced by recombinant DNA techniques, or by enzymatic or chemical separation of 

intact immunoglobulins. The term "antibody" also includes a bispecific antibody 
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and/or a humanized antibody. A bispecific or bifunctional antibody is an artificial 

hybrid antibody having two different heavy/light chain pairs and two different binding 

sites (see, e.g., Songsivilai and Lachmann, Clin. Exp. Immunol., 79:315-321 (1990); 

Kostelny et al., J. Immunol. 148:1547-53 (1992)). In some bispecific antibodies, the 

two different heavy/light chain pairs include a humanized 9E4 heavy chain/light chain 

pair and a heavy chain/light chain pair specific for a different epitope on alpha 

synuclein than that bound by 9E4. Humanized antibodies are discussed generally 

below in Section IV B. 

[0065] 	The term "epitope" refers to a site on an antigen to which an antibody binds. 

An epitope can be formed from contiguous amino acids or noncontiguous amino acids 

juxtaposed by tertiary folding of one or more proteins. Epitopes formed from 

contiguous amino acids are typically retained on exposure to denaturing solvents 

whereas epitopes formed by tertiary folding are typically lost on treatment with 

denaturing solvents. An epitope typically includes at least 3, and more usually, at 

least 5 or 8-10 amino acids in a unique spatial conformation. Methods of determining 

spatial confotination of epitopes include, for example, x-ray crystallography and 2-

dimensional nuclear magnetic resonance. See, e.g., Epitope Mapping Protocols, in 

Methods in Molecular Biology, Vol. 66, Glenn E. Morris, Ed. (1996). 

[0066] 	Antibodies that recognize the same or overlapping epitopes can be identified 

in a simple immunoassay showing the ability of one antibody to compete with the 

binding of another antibody to a target antigen. The epitope of an antibody can also 

be defined by X-ray crystallography of the antibody bound to its antigen to identify 

contact residues. Alternatively, two antibodies have the same epitope if all amino 

acid mutations in the antigen that reduce or eliminate binding of one antibody reduce 

or eliminate binding of the other. Two antibodies have overlapping epitopes if some 

amino acid mutations that reduce or eliminate binding of one antibody reduce or 

eliminate binding of the other. 

[0067] 	Competition between antibodies is determined by an assay in which an 

antibody under test inhibits specific binding of a reference antibody to a common 

antigen (see, e.g., Junghans et al., Cancer Res. 50:1495, 1990). A test antibody 

competes with a reference antibody if an excess of a test antibody (e.g., at least 2x, 

5x, 10x, 20x or 100x) inhibits binding of the reference antibody by at least 50% but 

preferably 75%, 90% or 99% as measured in a competitive binding assay. Antibodies 

identified by competition assay (competing antibodies) include antibodies binding to 
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the same epitope as the reference antibody and antibodies binding to an adjacent 

epitope sufficiently proximal to the epitope bound by the reference antibody for steric 

hindrance to occur. 

[0068] 	A "patient" includes a human or other mammalian subject that receives 

either prophylactic or therapeutic treatment. 

[0069] 	For purposes of classifying amino acids substitutions as conservative or 

nonconservative, amino acids are grouped as follows: Group I (hydrophobic side 

chains): met, ala, val, leu, ile; Group II (neutral hydrophilic side chains): cys, ser, 

thr; Group III (acidic side chains): asp, glu; Group IV (basic side chains): asn, gln, 

his, lys, arg; Group V (residues influencing chain orientation): gly, pro; and Group 

VI (aromatic side chains): trp, tyr, phe. Conservative substitutions involve 

substitutions between amino acids in the same class. Non-conservative substitutions 

constitute exchanging a member of one of these classes for a member of another. 

[0070] 	Percentage sequence identities are determined with antibody sequences 

maximally aligned by the Kabat numbering convention. After alignment, if a subject 

antibody region (e.g., the entire mature variable region of a heavy or light chain) is 

being compared with the same region of a reference antibody, the percentage 

sequence identity between the subject and reference antibody regions is the number of 

positions occupied by the same amino acid in both the subject and reference antibody 

region divided by the total number of aligned positions of the two regions, with gaps 

not counted, multiplied by 100 to convert to percentage. 

[0071] 	Compositions or methods "comprising" one or more recited elements may 

include other elements not specifically recited. For example, a composition that 

comprises antibody may contain the antibody alone or in combination with other 

ingredients. 	 • 

[0072] 	Designation of a range of values includes all integers within or defining the 

range, and all subranges defined by integers within the range. 

[0073] 	Unless otherwise apparent from the context, the term "about" encompasses 

values within the SEM of a stated value. 

[0074] 	An individual is at increased risk of a disease if the subject has at least one 

known risk-factor (e.g., genetic, biochemical, family history, situational exposure) 

placing individuals with that risk factor at a statistically significant greater risk of 

developing the disease than individuals without the risk factor. 
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[0075] 	The term "symptom" refers to a subjective evidence of a disease, such as 

altered gait, as perceived by the patient. A "sign" refers to objective evidence of a 

disease as observed by a physician. 

[0076] 	Statistical significance means 136.0.05. 

[0077] 	"Cognitive function" refers to mental processes such as any or all of 

attention, memory, producing and understanding language, solving problems, and 

making an interest in one's surroundings and self-care. 

[0078] 	"Enhanced cognitive function" or "improved cognitive function" refers to 

improvement relative to a baseline, for example, diagnosis or initiation of treatment. 

"Decline of cognitive function" refers to a decrease in function relative to such a base 

line. 

[0079] 	In animal model systems such as rat or mouse, cognitive function may be 

measured by methods using a maze in which subjects use spatial information (e.g, 

Morris water maze, Barnes circular maze, elevated radial arm maze, T maze and 

others), fear conditioning, active avoidance, illuminated open-field, dark activity 

meter, elevated plus-maze, two-compartment exploratory test or forced swimming 

test. 

[0080] 	In humans, cognitive function can be measured by one or more of several 

standardized tests. Examples of a test or assay for cognitive function were described 

(Ruoppila, 1. and Suutama, T. Scand. J. Soc. Med. Suppl. 53,44-65, 1997) and include 

standardized psychometric tests (e. g. Wechsler Memory Scale, the Wechsler Adult 

Intelligence Scale, Raven's Standard Progressive Matrices, Schaie- Thurstone Adult 

Mental Abilities Test), neuropsychological tests (e. g. Luria-Nebraska), metacognitive 

self-evaluations (e. g. Metamemory Questionnaire), visual-spatial screening tests (e. 

g. Poppelreuter's Figures, Clock Recognition, Honeycomb Drawing and 

Cancellation), cognitive screening tests (e. g. Folstein's Mini Mental State Test) and 

reaction time tests. Other standard tests for cognitive performance include the 

Alzheimer's Disease Assessment Scale-cognitive subscale (ADAS-cog); the clinical 

global impression of change scale (CIBIC-plus scale); the Alzheimer's Disease 

Cooperative Study Activities of Daily Living Scale (ADCS-ADL); the Mini Mental 

State Exam (MMSE); the Neuropsychiatric Inventory (NPI); the Clinical Dementia 

Rating Scale (CDR); the Cambridge Neuropsychological Test Automated Battery 
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(CANTAB) or the Sandoz Clinical Assessment- Geriatric (SCAG), Stroop Test, Trail 

Making, Wechsler Digit Span, and the CogState computerized cognitive test. In 

addition, cognitive function may be measured using imaging techniques such as 

Positron Emission Tomography (PET), functional magnetic resonance imaging 

(fMRI), Single Photon Emission Computed Tomography (SPECT), or any other 

imaging technique that allows one to measure brain function. 

DETAILED DESCRIPTION 

I. General 

[0081] 	The invention provides humanized 9E4 antibodies. The antibodies are 

useful for treatment and diagnoses of a Lewy body disease. 

II. Target molecules 

[0082] 	Natural human wildtype alpha-synuclein is a peptide of 140 amino acids 

having the following amino acid sequence: 

MDVFMKGLSK AKEGVVAAAE KTKQGVAEAA GKTKEGVLYV 

GSKTKEGVVH GVATVAEKTK EQVTNVGGAV VTGVTAVAQK 

TVEGAGSIAA ATGFVKKDQL GKNEEGAPQE GILEDMPVDP DNEAYEMPSE 

EGYQDYEPEA (SEQ ID NO:12) 

(Ueda et al., Proc. Natl. Acad. Sci. USA (1993) 90:11282-6).; GenBank accession 

number: P37840). The protein has three recognized domains, a KTKE repeat domain 

covering amino acids 1-61, a NAC (Non-amyloid component) domain running from 

about amino acids 60-95, and a C-terminal acidic domain running from about amino 

acid 98 to 140. 

[0083] 	Unless otherwise apparent from the context, reference to alpha-synuclein or 

its fragments includes the natural human wildtype amino acid sequences indicated 

above, and human allelic variants thereof, particularly those associated with Lewy 

body disease (e.g., E46K, A3OP and A53T, with the first letter indicates the amino 

acid in SEQ ID NO:12, the number is the codon position in SEQ ID NO:12, and the 

second letter is the amino acid in the allelic variant). Such variants can optionally be 

present individually or in any combination in any of the aspect of the invention 

described below. The induced mutations E83Q, A90V, A76T, which enhance alpha 

synuclein aggregation, can also be present individually or in combination with each 

other and/or human allelic variants E46K, A3OP and A53T. 
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III. Lewy Body Diseases 

[0084] 	Lewy Body Diseases (LBD) are characterized by degeneration of the 

dopaminergic system, motor alterations, cognitive impairment, and formation of 

Lewy bodies (LBs). (McKeith et al., Neurology (1996) 47:1113-24). Lewy Bodies 

are spherical protein deposits found in nerve cells. Their presence in the brain 

disrupts the brain's normal function interrupting the action of chemical messengers 

including acetylcholine and dopamine. Lewy Body diseases include Parkinson's 

disease (including idiopathic Parkinson's disease), Diffuse Lewy Body Disease 

(DLBD) also known as Dementia with Lewy Bodies (DLB), Lewy body variant of 

Alzheimer's disease (LBV), Combined Alzheimer's and Parkinson disease and as 

multiple system atrophy (MSA; e.g., Olivopontocerebellar Atrophy, Striatonigral 

Degeneration and Shy-Drager Syndrome). DLBD shares symptoms of both 

Alzheimer's and Parkinson's disease. DLBD differs from Parkinson's disease mainly 

in the location of Lewy Bodies. In DLBD Lewy Bodies form mainly in the cortex. In 

Parkinson's disease, they form mainly in the substantia nigra. Other Lewy Body 

diseases include Pure Autonomic Failure, Lewy body dysphagia, Incidental LBD, and 

Inherited LBD (e.g., mutations of the alpha-synuclein gene, PARK3 and PARK4). 

IV. Antibodies of the Invention 

A. 	Binding Specificity and Functional Properties 

[0085] 	Humanized antibodies of the invention specifically bind to human alpha 

synuclein. 	The affinity of some humanized antibodies (i.e., Ka) is preferably within 

a factor of five or two of that of the mouse antibody 9E4. Some humanized 

antibodies have an affinity that is the same (within expermental error) or greater than 

that of the mouse 9E4 antibody. 	Preferred humanized antibodies bind to the same 

epitope and/or compete with the mouse antibody 9E4 for binding to human alpha 

synuclein. 

[0086] 	In some antibodies, humanized 9E4 forms one arm of a bispecific antibody, 

the other arm of which is an antibody that binds to a receptor expressed on the blood 

brain barrier, such as an insulin receptor, an insulin-like growth factor (IGF) receptor, 

a leptin receptor, or a lipoprotein receptor, or preferably a transferrin receptor (Friden 

et al., PNAS 88:4771-4775, 1991; Friden et al., Science 259:373-377, 1993). Such a 

bispecific antibody can be transferred cross the blood brain barrier by receptor- 
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mediated transcytosis. Brain uptake of the bispecific antibody can be further 

enhanced by engineering the bi-specific antibody to reduce its affinity to the blood 

brain barrier receptor. Reduced affinity for the receptor resulted in a broader 

distributioin in the brain (see, e.g., Atwal. et al. Sci. Trans. Med. 3, 84ra43, 2011; Yu 

et al. Sci. Trans. Med. 3, 84ra44, 2011). 

[0087] Exemplary bispecific antibodies can also be (1) a dual-variable-domain 

antibody (DVD-Ig), where each light chain and heavy chain contains two variable 

domains in tandem through a short peptide linkage (Wu et al., Generation and 

Characterization of a Dual Variable Domain Immunoglobulin (DVD-IgTM) Molecule, 

In: Antibody Engineering, Springer Berlin Heidelberg (2010)); (2) a Tandab, which is 

a fusion of two single chain diabodies resulting in a tetravalent bispecific antibody 

that has two binding sites for each of the target antigens; (3) a flexibody, which is a 

combination of scFvs with a diabody resulting in a multivalent molecule; (4) a so 

called "dock and lock" molecule, based on the "dimerization and docking domain" in 

Protein Kinase A, which, when applied to Fabs, can yield a trivalent bispecific 

binding protein consisting of two identical Fab fragments linked to a different Fab 

fragment; (5) a so-called Scorpion molecule, comprising, e.g., two scFvs fused to both 

termini of a human Fc-region. Examples of platforms useful for preparing bispecific 

antibodies include but are not limited to BiTE (Micromet), DART (MacroGenics), 

Fcab and Mab2 (F-star) , Fc-engineered IgG1 (Xencor) or DuoBody (based on Fab 

arm exchange, Genmab). 

B. 	Humanized Antibodies 

[0088] A humanized antibody is a genetically engineered antibody in which the 

CDRs from a non-human "donor" antibody are grafted into human "acceptor" 

antibody sequences (see, e.g., Queen et al., US5,530,101 and 5,585,089; Winter et al., 

US 5,225,539, Carter, US 6,407,213, Adair, US 5,859,205 6,881,557, Foote, US 

6,881,557). 	The acceptor antibody sequences can be, for example, a mature human 

antibody variable region sequence, a composite of such sequences, a consensus 

sequence of human antibody sequences (e.g., light and heavy chain variable region 

consensus sequences of Kabat, 1991, supra), or a germline variable region sequence. 

A preferred acceptor sequence for the heavy chain is the human mature heavy chain 

variable region with NCBI accession code AAC50998 (GI: 1791009) or other mature 

heavy chain variable region derived from germline IGHV3-7'01 or IGHV3-7'02 

(clones name V3-7 or VH3-11) (Glas et al., Clin Exp Immunol. 107:372-80, 1997) or 
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a mature heavy chain variable region sequence incorporating one of these geim line 

sequences. For the light chain, a preferred acceptor sequence is the light chain mature 

variable region with NCBI accession code AAY33350 (GI:63102889) or other mature 

light chain sequence derived from the germline IGKV1D-39 or IGKV1-39 (clone 

name 02 or 012) (Kramer et al., Eur J Immunol. 35:2131-45, 2005) or a light chain 

mature variable region sequence incorporating one of these germ line sequences. 

Thus, a humanized antibody of the invention is an antibody having three light chain 

and three heavy chain CDRs as defined by Kabat from the donor 9E4 antibody and 

mature variable region framework sequences and constant regions, if present, entirely 

or substantially from human antibody sequences. 	Likewise a humanized heavy chain 

is a heavy chain having three heavy chain CDRs as defined by Kabat from the heavy 

chain of the 9E4 antibody, and a mature heavy chain variable sequence and heavy 

chain constant region sequence, if present, entirely or substantially from human 

antibody heavy chain sequence. Likewise a humanized light chain is a light chain 

having three light chain CDRs as defined by Kabat from the light chain of the 9E4 

antibody, and a mature light chain variable sequence and light chain constant region 

sequence, if present, entirely or substantially from human antibody light chain 

sequence. 	The mature variable region framework sequences of an antibody chain or 

the constant region sequence of an antibody chain are substantially from a human 

mature variable region framework sequence or human constant region sequence 

respectively when at least 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% of 

corresponding residues defined by Kabat are identical. 

[0089] 	Certain amino acids from the human mature variable region framework 

residues can be selected for substitution based on their possible influence on CDR 

conformation and/or binding to antigen. Investigation of such possible influences is 

by modeling, examination of the characteristics of the amino acids at particular 

locations, or empirical observation of the effects of substitution or mutagenesis of 

particular amino acids. 

[0090] 	For example, when an amino acid differs between a murine mature variable 

region framework residue and a selected human mature variable region framework 

residue, the human framework amino acid can be substituted by the equivalent 

framework amino acid from the mouse antibody when it is reasonably expected that 

the amino acid: 

(1) 	noncovalently binds antigen directly, 
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(2) is adjacent to a CDR region, 

(3) otherwise interacts with a CDR region (e.g. is within about 6 A of a 

CDR region) 

(4) mediates interaction between the heavy and light chains. 

[0091] 	The invention provides humanized forms of the mouse 9E4 antibody 

including three exemplified humanized light chain mature variable regions 

(Hu9E4VLv1-v3; SEQ ID NOs:3-5) and four exemplified humanized heavy chain 

mature variable regions (Hu9E4VHv1-v4; SEQ ID NOs:8-11). SEQ ID NO:4 

includes the three Kabat CDRs of the mouse 9E4 light chain and the mature variable 

region frameworks of AAY33350. SEQ ID NOS. 3 and 5 include backmutations as 

shown in Table 2. SEQ ID NO. 11 includes the three Kabat CDRs of mouse 9E4 and 

the mature variable region frameworks of AAC50998. SEQ ID NOs:8-10 include 

backmutations as shown in Table 3. 

[0092] 	The invention provides variants of the humanized 9E4 antibody in which the 

humanized heavy chain mature variable region shows at least 90%, 95% or 99% 

identity to SEQ ID NOs:8-11 and the humanized light chain mature variable region 

shows at least 90, 95 or 99% sequence identity to SEQ ID NOs:3-5, but in which any 

variation from the designated SEQ ID NO. occurs in a mature variable region 

framework rather than a Kabat CDR. 	In some such antibodies, position L36 is 

occupied by Y or F, and/or position L83 is occupied by F or L, and/or position H73 is 

occupied by N or D and/or position H93 is occupied by A or S (all positions here, as 

elsewhere, in this application are by Kabat numbering). In some such antibodies, 

some or all of the backmutations in Hu9E4VLv1 -v3 and Hu9E4VHv1-v4 are retained. 

In other words, one or both of heavy chain positions H73 and H93 is occupied by D 

and A respectively. Likewise in some antibodies one or both of light chain positions 

L36 and L83 is occupied by F and L respectively. In some antibodies, 1, 2, 3 or all 

four of positions H73, H93, L36 and L83 is/are occupied by D, A, F and L 

respectively. In some antibodies, 0, 1, or 2 positions are changed in the heavy chain 

mature variable region framework relative to SEQ ID NO:11, and 0, 1, or 2 positions 

are change in the light chain mature variable region framework relative to SEQ ID 

NO:4. 

[0093] 	Some antibodies comprise a humanized heavy chain comprising the three 

Kabat CDRs of SEQ ID NO:11 and a humanized light chain comprising the three 

Kabat CDRs of SEQ ID NO:4 provided that position L36 (Kabat numbering) is 
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occupied by F or Y and/or position L83 (Kabat numbering) is occupied by L or F 

and/or position H73 (Kabat numbering) is occupied by D or N , and/or position H93 

(Kabat numbering) is occupied by S or A. In some such antibodies, position L36 

(Kabat numbering) is occupied by F. In some such antibodies, position L36 (Kabat 

numbering) is occupied by F and position L83 (Kabat numbering) is occupied by L. 

In some such antibodies, position L36 (Kabat numbering) is occupied by F and 

position H73 (Kabat numbering) is occupied by D. In some such antibodies, position 

L36 (Kabat numbering) is occupied by F and position H93 (Kabat numbering) is 

occupied by S. In some such antibodies, position L36 (Kabat numbering) is occupied 

by F and position H93 (Kabat numbering) is occupied by A. In some such antibodies, 

position L36 (Kabat numbering) is occupied by F, position L83 (Kabat numbering) is 

occupied by L, and position H73 (Kabat numbering) is occupied by D. In some such 

antibodies, position L36 (Kabat numbering) is occupied by F, position L83 (Kabat 

numbering) is occupied by L, and position H93 (Kabat numbering) is occupied by S. 

In some such antibodies, position L36 (Kabat numbering) is occupied by F, position 

L83 (Kabat numbering) is occupied by L, and position H93 (Kabat numbering) is 

occupied by A. In some such antibodies, position L36 (Kabat numbering) is occupied 

by F, position H73 (Kabat numbering) is occupied by D, and position H93 (Kabat 

numbering) is occupied by S. In some such antibodies, position L36 (Kabat 

numbering) is occupied by F, position L83 is occupied by F, position H73 (Kabat 

numbering) is occupied by D, and position H93 (Kabat numbering) is occupied by S. 

In some such antibodies, position L36 (Kabat numbering) is occupied by F, position 

H73 (Kabat numbering) is occupied by D, and position H93 (Kabat numbering) is 

occupied by A. In some such antibodies, position L36 (Kabat numbering) is occupied 

by F, position L83 (Kabat numbering) is occupied by L, position H73 (Kabat 

numbering) is occupied by D, and position H93 (Kabat numbering) is occupied by S. 

In some such antibodies, position L36 (Kabat numbering) is occupied by F, position 

L83 (Kabat numbering) is occupied by L, position H73 (Kabat numbering) is 

occupied by D, and position H93 (Kabat numbering) is occupied by A. In some such 

antibodies, position L83 (Kabat numbering) is occupied by L. In some such 

antibodies, position L83 (Kabat numbering) is occupied by L and position H73 (Kabat 

numbering) is occupied by D. In some such antibodies, position L83 (Kabat 

numbering) is occupied by L and position H93 (Kabat numbering) is occupied by S. 

In some such antibodies, position L83 (Kabat numbering) is occupied by L and 
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position H93 (Kabat numbering) is occupied by A. In some such antibodies, position 

L83 (Kabat numbering) is occupied by L, position H73 (Kabat numbering) is 

occupied by D, and position H93 (Kabat numbering) is occupied by S. In some such 

antibodies, position L83 (Kabat numbering) is occupied by L, position H73 (Kabat 

numbering) is occupied by D, and position H93 (Kabat numbering) is occupied by A. 

In some such antibodies, position H73 (Kabat numbering) is occupied by D. In some 

such antibodies, position H73 (Kabat numbering) is occupied by D and position H93 

(Kabat numbering) is occupied by S. In some such antibodies, position H73 (Kabat 

numbering) is occupied by D and position H93 (Kabat numbering) is occupied by A. 

In some such antibodies, position H93 (Kabat numbering) is occupied by S. In some 

such antibodies, position H93 (Kabat numbering) is occupied by A. In some such 

antibodies, position L36 is occupied by Y, position L83 is occupied by F, position 

H73 is occupied by N and position H93 is occupied by S. Some exemplary antibodies 

with desirable residues at positions L36, L83, H73, and H93 and combinations thereof 

are listed in Table 1 below: 

Table 1: Exemplary antibodies with desirable residues at positions L36, L83, H73, 

and H93 (Kabat numbering). 

Exemplary 
Antibody 

L36 L83 H73 H93 

1 F F N A 
2 F L N A 
3 F F D A 
4 F F N S 
5 (version 3) F L D A 
6 F L N S 
7 (version 1) F F D S 
8 F L D S 
9 Y L N A 
10 Y L D A 
11 Y L N S 
12 Y L D S 
13 Y F D A 
14 Y F D S 
15 (version 2) Y F N S 

[0094] 	In some antibodies, the heavy chain mature variable region has 

acid sequence designated SEQ ID NO:10. In some antibodies, the light 

variable region has an amino acid sequence designated SEQ ID NO:5 

NO:3. In some such antibodies, the heavy chain mature variable region 

an amino 

chain mature 

or SEQ ID 

has an amino 
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acid sequence designated SEQ ID NO:10, and the light chain mature variable region 

has an amino acid sequence designated SEQ ID NO:5 or SEQ ID NO:3. In some such 

antibodies, the heavy chain mature variable region has an amino acid sequence 

designated SEQ ID NO:10, and the light chain mature variable region has an amino 

acid sequence designated SEQ ID NO:5. 

[0095] 	Other amino acid substitutions can be made in the mature variable region 

framework, for example, in residues not in contact with the CDRs. Often the 

replacements made in the variant humanized sequences are conservative with respect 

to the replaced amino acids. In some antibodies, replacements relative to 

Hu9E4VLv1-v3 and Hu9E4VHv 1-v4 (whether or not conservative) have no 

substantial effect on the binding affinity or potency of the resultant antibody relative 

to Hu9E4VLv1 -v3 and Hu9E4VHv 1 -v4, that is, its ability to bind human alpha 

synuclein. 

[0096] 	Variants typically differ from the heavy and light chain mature variable 

region sequences of Hu9E4VLv 1 -v3 and Hu9E4VHv 1-v4 by a small number (e.g., 

typically no more than 1, 2, 3, 5 or 10 in either the light chain or heavy chain mature 

variable region framework, or both) of replacements, deletions or insertions. 

C. 	Selection of Constant Region 

[0097] 	The heavy and light chain variable regions of humanized antibodies can be 

linked to at least a portion of a human constant region. The choice of constant region 

depends, in part, whether antibody-dependent cell-mediated cytotoxicity, antibody 

dependent cellular phagocytosis and/or complement dependent cytotoxicity are 

desired. For example, human isotopes IgG1 and IgG3 have complement-dependent 

cytotoxicity and human isotypes IgG2 and IgG4 do not. Human IgG1 and IgG3 also 

induce stronger cell mediated effector functions than human IgG2 and IgG4. Light 

chain constant regions can be lambda or kappa. An exemplary human light chain 

kappa constant region has the amino acid sequence of SEQ ID NO:13. Some such 

light chain kappa constant regions can be encoded by a nucleic acid sequence. 	The 

N-terminal arginine of SEQ ID NO:13 can be omitted, in which case light chain 

kappa constant region has the amino acid sequence of SEQ ID NO:28. Some such 

light chain kappa constant regions can be encoded by a nucleic acid sequence. An 

exemplary human IgG1 heavy chain constant region has the amino acid sequence of 

SEQ ID NO:14 (with or without the C-terminal lysine). Some such heavy chain 

constant regions can be encoded by a nucleic acid sequence. Antibodies can be 
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expressed as tetramers containing two light and two heavy chains, as separate heavy 

chains, light chains, as Fab, Fab', F(ab')2, and Fv, or as single chain antibodies in 

which heavy and light chain mature variable domains are linked through a spacer. 

[0098] 	Human constant regions show allotypic variation and isoallotypic variation 

between different individuals, that is, the constant regions can differ in different 

individuals at one or more polymorphic positions. Isoallotypes differ from allotypes 

in that sera recognizing an isoallotype bind to a non-polymorphic region of a one or 

more other isotypes. Thus, for example, another heavy chain constant region is of 

IgG1 G1m3 allotype and has the amino acid sequence of SEQ ID NO:32. Yet another 

heavy chain constant region has the amino acid sequence of SEQ ID NO:32 except 

that it lacks the C-terminal lysine. 

[0099] 	One or several amino acids at the amino or carboxy terminus of the light 

and/or heavy chain, such as the C-terminal lysine of the heavy chain, may be missing 

or derivatized in a proportion or all of the molecules. Substitutions can be made in 

the constant regions to reduce or increase effector function such as complement-

mediated cytotoxicity or ADCC (see, e.g., Winter et al., US Patent No. 5,624,821; Tso 

et al., US Patent No. 5,834,597; and Lazar et al., Proc. Natl. Acad. Sci. USA 

103:4005, 2006), or to prolong half-life in humans (see, e.g., Hinton et al., J. Biol. 

Chem. 279:6213, 2004). Exemplary substitutions include a Gln at position 250 and/or 

a Leu at position 428 (EU numbering is used in this paragraph for the constant region) 

for increasing the half-life of an antibody. Substitution at any or all of positions 234, 

235, 236 and/or 237 reduce affinity for Fcy receptors, particularly FcyRI receptor 

(see, e.g., US 6,624,821). Some antibodies have alanine substitution at positions 234, 

235 and 237 of human IgG1 for reducing effector functions. Optionally, positions 

234, 236 and/or 237 in human IgG2 are substituted with alanine and position 235 with 

glutamine (see, e.g., US 5,624,821). 

D. 	Expression of Recombinant Antibodies 

[0100] 	Antibodies can be produced by recombinant expression. Nucleic acids 

encoding the antibodies can be codon-optimized for expression in the desired cell-

type (e.g., CHO or Sp2/0). Recombinant nucleic acid constructs typically include an 

expression control sequence operably linked to the coding sequences of antibody 

chains, including naturally-associated or heterologous promoter regions. The 

expression control sequences can be eukaryotic promoter systems in vectors capable 
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of transforming or transfecting eukaryotic host cells. Once the vector has been 

incorporated into the appropriate host, the host is maintained under conditions suitable 

for high level expression of the nucleotide sequences, and the collection and 

purification of the crossreacting antibodies. The vector or vectors encoding the 

antibody chains can also contain a selectable gene, such as dihydrofolate reductase, to 

allow amplification of copy number of the nucleic acids encoding the antibody chains. 

101011 	E. coli is a prokaryotic host particularly useful for expressing antibodies, 

particularly antibody fragments. Microbes, such as yeast are also useful for 

expression. Saccharomyces is a preferred yeast host, with suitable vectors having 

expression control sequences, an origin of replication, termination sequences and the 

like as desired. Typical promoters include 3-phosphoglycerate kinase and other 

glycolytic enzymes. Inducible yeast promoters include, among others, promoters 

from alcohol dehydrogenase, isocytochrome C, and enzymes responsible for maltose 

and galactose utilizations. 

[0102] 	Mammalian cells can be used for expressing nucleotide segments encoding 

immunoglobulins or fragments thereof. See Winnacker, From Genes to Clones, 

(VCH Publishers, NY, 1987). A number of suitable host cell lines capable of 

secreting intact heterologous proteins have been developed in the art, and include 

CHO cell lines, various COS cell lines, HeLa cells, HEK293 cells, L cells, and non-

antibody-producing myelomas including Sp2/0 and NSO. It can be advantageous to 

use nonhuman cells. Expression vectors for these cells can include expression control 

sequences, such as an origin of replication, a promoter, an enhancer (Queen et al., 

Immunol. Rev. 89:49 (1986)), and necessary processing information sites, such as 

ribosome binding sites, RNA splice sites, polyadenylation sites, and transcriptional 

terminator sequences. Suitable expression control sequences are promoters derived 

from endogenous genes, cytomegalovirus, SV40, adenovirus, bovine papillomavirus, 

and the like. See Co et al., I. Immunol. 148:1149 (1992). 

[0103] 	Having introduced vector(s) encoding antibody heavy and light chains into 

cell culture, cell pools can be screened for growth productivity and product quality in 

serum-free media. Top-producing cell pools can then be subjected of FACS-based 

single-cell cloning to generate monoclonal lines. Specific productivities above 50 pg 

or 100 pg per cell per day, which correspond to product titers of greater than 7.5 g/L 

culture, can be advantageous. Antibodies produced by single cell clones can also be 

tested for turbidity, filtration properties, PAGE, IEF, UV scan, HP—SEC, carboydrate- 
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oligosaccharide mapping, mass spectrometery, and bining assay, such as ELISA or 

Biacore. A selected clone can then be banked in multiple vials and stored frozen for 

subsequent use. 

[0104] 	Once expressed, antibodies can be purified according to standard procedures 

of the art, including protein A capture, column chromatography (e.g., hydrophobic 

interaction or ion exchange), low-pH for viral inactivation and the like (see generally, 

Scopes, Protein Purification (Springer-Verlag, NY, 1982)). 

[0105] 	Methodology for commercial production of antibodies including codon 

optimization, selection of promoters, transcription elements, and terminators, serum-

free single cell cloning, cell banking, use of selection markers for amplification of 

copy number, CHO terminator, serum free single cell cloning, improvement of 

protein titers (see, e.g., US 5,786,464, US 6,114,148, US 6,063,598, US 7,569,339, 

W02004/050884, W02008/012142, W02008/012142, W02005/019442, 

W02008/107388, and W02009/027471, and US 5,888,809). 

V. Nucleic Acids 

[0106] 	The invention further provides nucleic acids encoding any of the heavy and 

light chains described above. Typically, the nucleic acids also encode a signal peptide 

fused to the mature heavy and light chains (e.g., signal peptides having amino acid 

sequences of SEQ ID NOS: 22 and 24 that can be encoded by SEQ ID NOS: 23 and 

25). Coding sequences on nucleic acids can be in operable linkage with regulatory 

sequences to ensure expression of the coding sequences, such as a promoter, 

enhancer, ribosome binding site, transcription termination signal and the like. The 

nucleic acids encoding heavy and light chains can occur in isolated form or can be 

cloned into one or more vectors. The nucleic acids can be synthesized by for 

example, solid state synthesis or PCR of overlapping oligonucleotides. Nucleic acids 

encoding heavy and light chains can be joined as one contiguous nucleic acid, e.g., 

within an expression vector, or can be separate, e.g., each cloned into its own 

expression vector. 

VI. Therapeutic Applications 

[0107] 	The invention provides several methods of treating or effecting prophylaxis 

of Lewy Body disease in patients suffering from or at risk of such disease. Patients 
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amenable to treatment include individuals at risk of disease of a LBD but not showing 

symptoms, as well as patients presently showing symptoms or the early warning signs 

of synucleinopathies, for example, EEG slowing, neuropsychiatric manifestations 

(depression, dementia, hallucinations, anxiety, apathy, anhedonia), autonomic 

changes (orthostatic hypotension, bladder disturbances, constipation, fecal 

incontinence, sialorrhea, dysphagia, sexual dysfunction, changes in cerebral blood 

flow), sensory changes (olfactory, pain, color discrimination abnormal sensations), 

sleep disorders (REM sleep behavior disorder (RBD), restless legs syndrome/periodic 

extremity movements, hypersomnia, insomnia) and miscellaneous other signs and 

symptoms (fatigue, diplopia, blurred vision, seborrhea, weight loss/gain). Therefore, 

the present methods can be administered prophylactically to individuals who have a 

known genetic risk of a LBD. Such individuals include those having relatives who 

have experienced this disease, and those whose risk is determined by analysis of 

genetic or biochemical markers. Genetic markers of risk toward PD include 

mutations in the alpha-synuclein or Parkin, UCHLI, and CYP2D6 genes; particularly 

mutations at positions 30 and 53 of the alpha-synuclein gene. Individuals presently 

suffering from Parkinson's disease can be recognized from its clinical manifestations 

including resting tremor, muscular rigidity, bradykinesia and postural instability. 

[0108] 	In asymptomatic patients, treatment can begin at any age (e.g., 10, 20, 30). 

Usually, however, it is not necessary to begin treatment until a patient reaches 40, 50, 

60 or 70. Treatment typically entails multiple dosages over a period of time. 

Treatment can be monitored by assaying antibody, or activated T-cell or B-cell 

responses to a therapeutic agent (e.g., a truncated form of alpha-synuclein peptide) 

over time. If the response falls, a booster dosage is indicated. 

[0109] 	Antibodies can be used for treating or effecting prophylaxis of Lewy Body 

disease in patients by administration under conditions that generate a beneficial 

therapeutic response in a patient (e.g., reduction of neuritic and/or axonal alpha 

synuclein aggregates, reduction of neuritic dystrophy, improving cognitive function, 

and/or reversing, treating or preventing cognitive decline) in the patient. In some 

methods, the areas of neuritic dystrophy in the neuropil of neocortex and/or basal 

ganglia can be reduced by on average at least 10%, 20%, 30%, or 40% in treated 

patients compared with a control population. . 
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[0110] 	Cognitive impailnient, progressive decline in cognitive function, changes in 

brain morphology, and changes in cerebrovascular function are commonly observed 

in patients suffering from or at risk of Lewy Body disease. Administration of the 

present antibodies can inhibit or delay decline of cognitive function in such patients. 

[0111] 	The invention also provides methods of preserving or increasing synaptic 

density and/or dentritic density. An index of changes in synaptic or dentritic density 

can be measured by markers of synapse formation (synaptophysin) and/or dendrites 

(MAP2). In some methods, the synaptic or dentritic density can be restored to the 

level of synaptic or dentritic density in a healthy subject. In some methods, the mean 

level of synaptic or dentritic density in treated patients can be elevated by 5%, 10%, 

15%, 20%, 25%, 30% or more as compared to a population of untreated control 

patients. 

VII. 	Pharmaceutical Compositions and Methods of Treatment 

[0112] 	In prophylactic applications, an antibody or agent for inducing an antibody 

or a pharmaceutical composition the same is administered to a patient susceptible to, 

or otherwise at risk of a disease in a regime (dose, frequency and route of 

administration) effective to reduce the risk, lessen the severity, or delay the onset of at 

least one sign or symptom of the disease. In some prophylactic applications, the 

regime is effective to inhibit or delay accumulation of alpha synuclein and truncated 

fragments in the brain, and/or inhibit or delay its toxic effects and/or inhibit/or delay 

development of behavioral deficits. In therapeutic applications, an antibody or agent 

to induce an antibody is administered to a patient suspected of, or already suffering 

from a Lewy body disease in a regime (dose, frequency and route of administration) 

effective to ameliorate or at least inhibit further deterioration of at least one sign or 

symptom of the disease. In some therapeutic applications, the regime is effective to 

reduce or at least inhibit further increase of levels of alpha synuclein and truncated 

fragments, associated toxicities and/or behavioral deficits. 

[0113] A regime is considered therapeutically or prophylactically effective if an 

individual treated patient achieves an outcome more favorable than the mean outcome 

in a control population of comparable patients not treated by methods of the 

invention, or if a more favorable outcome is demonstrated in treated patients versus 
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control patients in a controlled clinical trial (e.g., a phase II, phase II/III or phase III 

trial) at the p < 0.05 or 0.01 or even 0.001 level . 

[0114] 	Effective doses vary depending upon many different factors, including 

means of administration, target site, physiological state of the patient including type 

of Lewy body disease, whether the patient is an ApoE carrier, whether the patient is 

human or an animal, other medications administered, and whether treatment is 

prophylactic or therapeutic. 

[0115] 	An exemplary dosage range for antibodies is from about 0.01 to 5 mg/kg, 

and more usually 0.1 to 3 mg/kg or 0.15-2 mg/kg or 0.15-1.5 mg/kg, of patient body 

weight. Antibody can be administered such doses daily, on alternative days, weekly, 

fortnightly, monthly, quarterly, or according to any other schedule determined by 

empirical analysis. An exemplary treatment entails administration in multiple 

dosages over a prolonged period, for example, of at least six months. Additional 

exemplary treatment regimes entail administration once per every two weeks or once 

a month or once every 3 to 6 months. 

[0116] 	Antibodies can be administered via a peripheral route (i.e., one in which an 

administered or induced antibody crosses the blood brain barrier to reach an intended 

site in the brain. Routes of administration include topical, intravenous, oral, 

subcutaneous, intraarterial, intracranial, intrathecal, intraperitoneal, intranasal or 

intramuscular. Some routes for administration of antibodies are intravenous and 

subcutaneous. This type of injection is most typically perfoimed in the arm or leg 

muscles. In some methods, agents are injected directly into a particular tissue where 

deposits have accumulated, for example intracranial injection. 

[0117] 	Pharmaceutical compositions for parenteral administration are can be sterile 

and substantially isotonic and manufactured under GMP conditions. Pharmaceutical 

compositions can be provided in unit dosage form (i.e., the dosage for a single 

administration). Pharmaceutical compositions can be formulated using one or more 

physiologically acceptable carriers, diluents, excipients or auxiliaries. The 

formulation depends on the route of administration chosen. For injection, antibodies 

can be formulated in aqueous solutions, preferably in physiologically compatible 

buffers such as Hank's solution, Ringer's solution, or physiological saline or acetate 

buffer (to reduce discomfort at the site of injection). The solution can contain 

formulatory agents such as suspending, stabilizing and/or dispersing agents. 
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Alternatively antibodies can be in lyophilized form for constitution with a suitable 

vehicle, e.g., sterile pyrogen-free water, before use. 

[0118] 	The present regimes can be administered in combination with another agent 

effective in treatment or prophylaxis of the disease being treated. For example, in the 

case of Parkinson's disease, immunotherapy against alpha synuclein 

WO/2008/103472, Levodopa, dopamine agonists, COMT inhibitors, MAO-B 

inhibitors, Amantadine, or anticholinergic agents can be used in combination with the 

present regimes. 

VIII. 	Other Applications 

[0119] 	The antibodies described above can be used for detecting alpha-synuclein in 

the context of clinical diagnosis or treatment or in research. The antibodies can also 

be sold as research reagents for laboratory research in detecting cells bearing alpha-

synuclein and their response to various stimuli. In such uses, monoclonal antibodies 

can be labeled with fluorescent molecules, spin-labeled molecules, enzymes or 

radioisotypes, and can be provided in the form of kit with all the necessary reagents to 

perform the assay for alpha-synuclein. The antibodies can also be used to purify 

alpha-synuclein, e.g., by affinity chromatography. 

[0120] 	The antibodies can be used for detecting LBs in a patient. Such methods are 

useful to diagnose or confirm diagnosis of PD, or other disease associated with the 

presence of LBs in the brain, or susceptibility thereto. For example, the methods can 

be used on a patient presenting with symptoms of dementia. If the patient has LBs, 

then the patient is likely suffering from a Lewy body disease, such as Parkinson's 

disease. The methods can also be used on asymptomatic patients. Presence of Lewy 

bodies or other abnormal deposits of alpha-synuclein indicates susceptibility to future 

symptomatic disease. The methods are also useful for monitoring disease progression 

and/or response to treatment in patients who have been previously diagnosed with a 

Lewy body disease. 

[0121] 	The methods can be performed by administering an antibody and then 

detecting the antibody after it has bound. If desired, the clearing response can be 

avoided by using an antibody fragment lacking a full-length constant region, such as a 
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Fab. In some methods, the same antibody can serve as both a treatment and 

diagnostic reagent. 

[0122] 	For diagnosis (e.g., in vivo imaging), the antibodies can be administered by 

intravenous injection into the body of the patient, or directly into the brain by 

intracranial injection or by drilling a hole through the skull. The dosage of reagent 

should be within the same ranges as for treatment methods. Typically, the antibody is 

labeled, although in some methods, the antibody is unlabelled and a secondary 

labeling agent is used to bind to the antibody. The choice of label depends on the 

means of detection. For example, a fluorescent label is suitable for optical detection. 

Use of paramagnetic labels is suitable for tomographic detection without surgical 

intervention. Radioactive labels can also be detected using PET or SPECT. 

[0123] 	Diagnosis is performed by comparing the number, size and/or intensity of 

labeled loci to corresponding base line values. The base line values can represent the 

mean levels in a population of undiseased individuals. Base line values can also 

represent previous levels determined in the same patient. For example, base line 

values can be determined in a patient before beginning treatment, and measured 

values thereafter compared with the base line values. A decrease in values relative to 

base line signals a positive response to treatment. 

[0124] 	The antibodies can be used to generate anti-idiotype antibodies. (see, e.g., 

Greenspan & Bona, FASEB J. 7(5) :437-444, 1989; and Nissinoff, J. Immunol. 

147:2429-2438, 1991). Such anti-idiotype antibodies can be utilized in 

pharmacokinetics, pharmacodynamics, biodistribution studies as well as in studies of 

clinical human-anti-human antibody (HAHA) responses in individuals treated with 

the antibodies. For example, anti-idiotypic antibodies bind specifically the variable 

region of humanized 9E4 antibodies and therefore can be used to detect humanized 

9E4 antibodies in pharmacokinetic studies and help to quantify human-anti-human 

antibody (HAHA) responses in treated individuals. 

[0125] 	All patent filings, website, other publications, accession numbers and the 

like cited above or below are incorporated by reference in their entirety for all 

purposes to the same extent as if each individual item were specifically and 

individually indicated to be so incorporated by reference. If different versions of a 

sequence are associated with an accession number at different times, the version 

29 

ipos
Rectangle

ipos
Rectangle

ipos
Line



WO 2013/063516 
	

PCT/US2012/062290 

associated with the accession number at the effective filing date of this application is 

meant. The effective filing date means the earlier of the actual filing date or filing 

date of a priority application referring to the accession number if applicable. 

Likewise if different versions of a publication, website or the like are published at 

different times, the version most recently published at the effective filing date of the 

application is meant unless otherwise indicated. Any feature, step, element, 

embodiment, or aspect of the invention can be used in combination with any other 

unless specifically indicated otherwise. Although the present invention has been 

described in some detail by way of illustration and example for purposes of clarity 

and understanding, it will be apparent that certain changes and modifications may be 

practiced within the scope of the appended claims. 

EXAMPLES 

EXAMPLE I. 	Design of humanized 9E4 antibodies 

101261 	The starting point or donor antibody for humanization is the mouse antibody 

9E4 produced by the hybridoma having ATCC Accession No. PTA-8221 and 

described in U.S. Patent Application No. 11/710,248 (publication number 

US2009/0208487). The variable kappa (Vx) of 9E4 belongs to mouse Kabat 

subgroup 1 which corresponds to human Kabat subgroup 1. The variable heavy (Vh) 

of 9E4 belongs to mouse Kabat subgroup 3d which corresponds to human Kabat 

subgroup 3 (Kabat et al., Sequences of Proteins of Immunological Interest, Fifth 

Edition. NIH Publication No. 91-3242, 1991). Kabat numbering is used throughout in 

this Example. 

[0127] 	The 17-residue CDR-L1 belongs to canonical class 3, the 7-residue CDR-L2 

belongs to class 1, and the 9-residue CDR-L3 belongs to class 1 in Vk (Martin & 

Thornton, J Mol Biol. 263:800-15, 1996). The 5-residue CDR-H1 belongs to class 1, 

and the 17-residue CDR-H2 belongs to class 2 (Martin & Thornton, J Mol Biol. 

263:800-15, 1996). CDR-H3 has no canonical classes, but the 7 residue loop 

probably has a kinked base according to the rules of Shirai et al. (FEBS Lett. 455:188- 

97, 1999). 
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101281 	A search was made over the protein sequences in the PDB database 

(Deshpande et al., Nucleic Acids Res. 33: D233-7, 2005) to find structures which 

would provide a rough structural model of 9E4. The crystal structure of dimeric 

antibody X836 (pdb code 3MBX) (Teplyakov et al, Mol Immunol., 47(14):2422-6, 

2010) was chosen for the Vic structure since it had good resolution (1.6A) and overall 

sequence similarity to 9E4 Vic, retaining the same canonical structures for the loops. 

1H3P (Pizarro et al., FEBS Lett. 509:463-8, 2001) was used for the Vh structure. It 

had good overall sequence similarity and reasonable resolution (2.6A), but also had 

the same length CDR-H3 with a kinked base. In addition, CDRs-H1 and H2 had the 

same canonical structures as 9E4 Vh. DeepView/Swiss-PdvViewer 3.7 (SP5) (Guex 

and Peitsch, Electrophoresis 18: 2714-2723, 1997) was used structure modeling. 

[0129] 	A search of the non-redundant protein sequence database from NCBI 

allowed selection of suitable human frameworks into which to graft the murine CDRs. 

For Vic, a human kappa light chain with NCBI accession code AAY33350 

(GI:63102889) (Kramer et al., Eur J Immunol. 35:2131-45, 2005) was chosen. It has 

the same canonical classes for CDR-L2 and L3 as 9E4, and belongs to human 

germline IGKV1D-39 or IGKV1-39 (clone name 02 or 012) according to IMGT 

convention. It is a member of Kabat human kappa subgroup 1. For Vh, human Ig 

heavy chain with NCBI accession code AAC50998 (GI:1791009) (Glas et al., Clin 

Exp Immunol. 107:372-80, 1997) was chosen, again with the same canonical classes 

as 9E4 and belonging to human germline IGHV3-T01 or IGHV3-T02 (clones name 

V3-7 or VH3-11). It is a member of Kabat human heavy subgroup 3. 

[0130] 	The following positions differing between the human acceptor and mouse 

donor variable region frameworks were identified as being candidates for 

backmutation. H73 is on the edge of the antigen binding site and interacts with CDR- 

H2. H93 is an interface residue that lies beneath the CDR-H1 and H3 loops. L36 is a 

Vic/Vh interface residue. L83 is in close proximity to the constant domain. In 9E4, 

L83 is a leucine, whereas in human framework, L83 is a larger amino acid 

phenylalanine. 

[0131] 	Three humanized heavy chains and three humanized light chains are made 

incorporating back mutations at different permutations of these positions (Figs. 1A, B, 

sequence alignment, and Tables 2-3). 
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Table 

Table 

2 VH  Backmutations 

VH  variant VH  exon acceptor sequence donor framework residues 

Hu9E4VHvl NCBI accession code 
AAC50998 

H73, H93 

Hu9E4VHv2 NCBI accession code 
AAC50998 

H93 

Hu9E4VHv3 NCBI accession code 
AAC50998 

H73 

3 VL  Backmutations 

VL  variant VL  exon acceptor sequence donor framework residues 

Hu9E4VLv1 NCBI accession code 
AAY33350 

L36 

Hu9E4VLv2 NCBI accession code 
AAY33350 

None 

Hu9E4VLv3 NCBI accession code 
AAY33350 

L36, L83 

[0132] 

DIQMTQSPSSLSASVGDRVTITCKSIQTLLYSSNQKNYLAWFQQKPGKAPKLL 

IYWASIRKSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQYYSYPLTFGGG 

TKLEIK 

[0133] 

DIQMTQSPSSLSASVGDRVTITCKSIQTLLYSSNQKNYLAWYQQKPGKAPKLL 

IYWASIRKSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQYYSYPLTFGGG 

TKLEIK 

[0134] 

>9E4Vx Versionl 

(SEQ ID NO: 3) 

>9E4Vx Version2 

(SEQ ID NO: 4) 

>9E4Vx Version3 
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DIQMTQSPSSLSASVGDRVTITCKSIQTLLYSSNQKNYLAWFQQKPGKAPKLL 

IYWASIRKSGVPSRFSGSGSGTDFTLTISSLQPEDLATYYCQQYYSYPLTFGGG 

TKLEIK (SEQ ID NO: 5) 

[0135] 	>9E4vh Versionl 

EVQLVESGGGLVQPGGSLRLSCAASGFTFSNYGMSWVRQAPGKGLEWVASIS 

SGGGSTYYPDNVKGRFTISRDDAKNSLYLQMNSLRAEDTAVYYCSRGGAGID 

YWGQGTLVTVSS (SEQ ID NO: 8) 

[0136] 	>9E4vh Version2 

EVQLVESGGGLVQPGGSLRLSCAASGFTFSNYGMSWVRQAPGKGLEWVASIS 

SGGGSTYYPDNVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCSRGGAGID 

YWGQGTLVTVSS (SEQ ID NO: 9) 

[0137] 	>9E4vh Version3 

EVQLVESGGGLVQPGGSLRLSCAASGFTFSNYGMSWVRQAPGKGLEWVASIS 

SGGGSTYYPDNVKGRFTISRDDAKNSLYLQMNSLRAEDTAVYYCARGGAGI 

DYWGQGTLVTVSS (SEQ ID NO: 10) 

[0138] 	Kabat numbering for AAY33350 light chain and AAC50998 heavy chain 

are listed below: 

[0139] 	Kabat numbering for AAY33350 light chain: 

Ll D 	L2 I 	L3 Q 	L4 M 	L5 T 	L6 Q 	L7 S 	L8 P 	L9 S 
L10 S 	L11 L 	L12 5 	L13 A 	L14 S 	L15 V 	L16 G 	L17 D 	L18 R 
L19 V L20 T 	L21 I 	L22 T 	L23 C 	L24 R 	L25 A 	L26 S 	L27 Q 
L28 S 	L29 I 	L30 S 	L31 S 	L32 Y 	L33 L 	L34 N 	L35 W 	L36 Y 
L37 Q L38 Q L39 K 	L40 P 	IA1 G 	L42 K 	L43 A 	L44 P 	L45 K 
L46 L 	L47 L 	L48 I 	L49 Y 	L50 A 	L51 A 	L52 S 	L53 S 	L54 L 
L55 Q L56 S 	L57 G 	L58 V 	L59 P 	L60 S 	L61 R 	L62 F 	L63 S 
L64 G L65 S 	L66 G 	L67 S 	L68 G 	L69 T 	L70 D 	L71 F 	L72 T 
L73 L 	L74 T 	L75 I 	L76 S 	L77 S 	L78 L 	L79 Q 	L80 P 	L81 E 
L82 D L83 F 	L84 A 	L85 T 	L86 Y 	L87 Y 	L88 C 	L89 Q 	L90 Q 
L91 S 	L92 Y L93 S 	L94 T 	L95 P 	L96 L 	L97 T 	L98 F 	L99 G 
L100 G L101 G L102 T 	L103 K L104 L L105 E L106 I 	L107 K L108- 
L109- 	L110 - 	L111— 

[0140] 	Kabat numbering for AAC50998 heavy chain: 

H1 E 	H2 V 	H3 Q 	H4 L 	H5 V 	H6 E 	H7 S 	H8 G 	H9 G 
H10 G H11 L H12 V 	H13 Q 	H14 P 	H15 G 	H16 G 	H17 S 	H18 L 
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H19 R H2O L H21 S 	H22 C 	H23 A 	H24 A 	H25 S 	H26 G 	H27 F 
H28 T H29 F H30 S 	H31 S 	H32 Y 	H33 W H34 M H35 S 	H36 W 
H37 V H38 R H39 Q 	H40 A 	H41 P 	H42 G 	H43 K 	H44 G 	H45 L 
H46 E H47 W H48 V 	H49 A 	H50 N 	H51 I 	H52 K 	H52A Q H53 D 
H54 G H55 S H56 E 	H57 K 	H58 Y 	H59 Y 	H60 V 	H61 D 	H62 S 
H63 V H64 K H65 G 	H66 R 	H67 F 	H68 T 	H69 I 	H70 S 	H71 R 
H72 D H73 N H74 A 	H75 K H76 N 	H77 S 	H78 L 	H79 Y 	H80 L 
H81 Q H82 M H82A N H82B S H82C L H83 R 	H84 A 	H85 E 	H86 D 
H87 T H88 A H89 V 	H90 Y 	H91 Y 	H92 C 	H93 A 	H94 R 	H95 G 
H96 S 	H97 S H98 D 	H99 M H100 - 	H101 D H102 Y H103 W H104 G 
H105 Q H106 G H107 T 	H108 L H109 V H110 T H111 V H112 S H113 S 
H114— 

[0141] 	Kabat number of other heavy and light chain variable regions can be 

determined by alignment with corresponding residues assigned the same number or 

using commercially available software. 

Table 4. Kabat numbering of preferred framework residues for backmutation in 
humanized 9E4 antibodies 

AAY3335 
0 
light chain 

AAC50998 
heavy chain 

Mouse 
9E4 

Humanized 
9E4 vl 

Humanized 
9E4 v2 

Humanized 
9E4 v3 

Humanized 
9E4 v4 
(heavy 
chain) 

L36 Y - F F Y F - 
L83 F L F F L - 
H73 - N D D N D N 
H93 - A S S S A A 

EXAMPLE II. 	Passive Immunization with a-synuclein antibodies 

[0142] 	The goal of this experiment is to determine effectiveness of a-synuclein 

antibodies in in vitro and in vivo studies as well as behavioral assays. We used a-

synuclein transgenic (Line 61), cc-synuclein knockout and wildtype female mice, 3-4 

months old at initiation and n=14/group. Antibodies tested included 9E4 (IgGl, 

epitope: amino acids 118-126 of alpha synuclein), 5C1 (IgGl, epitope: amino acids 

118-126 of alpha synuclein, c-linker), 5D12, IgG2 (SN118-126), 1H7, IgG1 (SN 91-

99) and an IgG1 control antibody 27-1. Mice received a dosage of 10 mg/kg over a 5 

month period, for a total of 21 injections. In addition, the animals were injected with 

lentivirus (LV) expressing human a-synuclein (wt) by unilateral introduction of 

human oc-synuclein (wt) into the hippocampus. 
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[0143] 	Readout antibodies include those from Chemicon (epitope: full-length alpha 

synuclein), Millipore (epitope: full-length alpha synuclein), and Neotope, ELADW 

105 (epitope: amino acids 121-124 of full-length alpha synuclein). 

[0144] 	Endpoints: Antibody titers were measured during the in life phase. 

Behavioral assays include Morris Water Maze test (MWW) and horizontal beam test. 

The round beam test is a test of motor balance, coordination and gait conducted using 

two beams of varying diameter. Beam A is the larger diameter (easier, considered the 

training beam) and Beam D is the smaller diameter (more difficult, considered the 

testing beam). Data is presented as "errors" (number of slips/10cm) and "speed" 

(time taken to travel 10cm/sec). Water maze performance was carried out at weeks 

10 and termination. The following neuropathology measurements were taken: alpha 

synuclein aggregation, synaptophysin, and MAP2. The following biochemistry 

measurements were taken: alpha synuclein, PSD95, synaptophysin. Selected 

multilabeling and confocal labeling were carried out using synaptic, neuronal and 

glial markers. 

[0145] 	The results showed that all antibodies, except 5D12, produced significant 

reduction in a-syn accumulation and preservation of synaptic and dendritic densities, 

as well as positive outcomes in MWM performance. The 9E4 antibody is effective in 

in vitro and in vivo studies as well as behavioral assays. Readouts indicate antibody 

may reduce neuritic/axonal alpha synuclein aggregates. 

[0146] 	Behavioral Results: The 9E4 antibody improved water maze performance 

in a-synuclein transgenic mice (Figures 3-4). In contrast, the 5D12 antibody did not 

improve water maze performance in a-synuclein transgenic mice (Figure 4). The 9E4 

and 1H7 antibodies improved performance on the beam test as measured both by 

speed and errors, whereas the 5D12 and 5C1 antibodies did not (Figure 4). 

[0147] 	Neuropathology Results: The 9E4, 1H7 and 5C1 antibodies reduced 

ELADW-105 positive neuritic dystrophy, whereas the 5D12 antibody did not. In 

alpha synuclein transgenic mice, the 9E4 antibody reduced the area of neuropil by 

43% in neocortex and by 40% in basal ganglia as compared to control. The 9E4 

antibody also preserved synaptophysin and MAP2 in neocortex and basal ganglia. 

EXAMPLE III. 	 Immunoprecipitation 

[0148] 	Immunoprecipitation was performed to test the binding efficacy of various 

versions of humanized 9E4 antibodies towards its antigen taken from diseased tissue 
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(Figure 5). 150 lig of Tris-soluble brain lysates from Dementia with Lewy Body 

brains were immunoprecipitated with 5µg of each indicated antibody using Protein G 

magnetic beads (New England Biolabs). Samples were washed 5 times with PBS/350 

mM NaC1/0.5% NP-40, boiled, and the resulting samples resolved by SDS-PAGE. 

After blotting, membranes were incubated with Ab5038 (Millipore), a polyclonal 

antibody that detects total synuclein. The experiment was repeated three times to 

confiuin accuracy. 

EXAMPLE IV. 	 Western blot 

[0149] 	Western blotting of recombinant human synuclein with mouse, chimeric and 

humanized 9E4 antibodies is shown in Figure 6. Antibody dilution curves were 

apparently similar for mouse, chimeric and humanized 9E4 antibodies. All antibodies 

detected a band at 28 KDa and a second band at 49 kDa. The 49 kDa band is likely a 

multimer of synuclein. 

[0150] 	Indicated amounts of recombinant, bacterially-expressed human wild-type 

synuclein were resolved by SDS-PAGE, and blotted with identical amounts of the 

indicated form of 9E4. After washing, species-appropriate goat polyclonal antibodies 

conjugated to the IRDye-800 fluorophor were applied, and the blot was washed. 

Exposure times were identical for the different antibodies. 

DEPOSIT 

[0151] The following hybridoma has been deposited under the provisions of the 

Budapest Treaty with the American Type Culture Collection (ATCC, P.O. Box 1549, 

Manassas, VA 20108) on the date indicated. This deposit will be maintained at an 

authorized depository and replaced in the event of mutation, nonviability or 

destruction for a period of at least five years after the most recent request for release 

of a sample was received by the depository, for a period of at least thirty years after 

the date of the deposit, or during the enforceable life of the related patent, whichever 

period is longest. All restrictions on the availability to the public of these cell lines 

will be irrevocably removed upon the issuance of a patent from the application. 

Monoclonal 
antibody 

Cell Line Epitope/Specificity Isotype Date of 
Deposit 

Accession 
No. 

9E4 JH17.9E4.3.37.1.14.2 alpha-synuclein IgG1 Feb. PTA- 
residues 118-126 K  26, 

2007 
8221 
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WHAT IS CLAIMED IS: 

1. An antibody comprising a mature heavy chain variable region comprising the three 

Kabat CDRs of SEQ ID NO:11, and being at least 90% identical to SEQ ID NO:11, 

and a light chain comprising the three Kabat CDRs of SEQ ID NO:4, and being at 

least 90% identical to SEQ ID NO:4. 

2. The antibody of claim 1, wherein the mature heavy chain variable region has an 

amino acid sequence designated SEQ ID NO:10 and the mature light chain variable 

region has an amino acid sequence designated SEQ ID NO:5. 

3. The antibody of claim 1, wherein the mature heavy chain variable region has an 

amino acid sequence designated SEQ ID NO:10 and the mature light chain variable 

region has an amino acid sequence designated SEQ ID NO:3. 

4. The antibody of claim 1, wherein the mature heavy chain variable region has an 

amino acid sequence designated SEQ ID NO:8 and the mature light chain variable 

region has an amino acid sequence designated SEQ ID NO:3. 

5. The antibody of claim 1, wherein the mature heavy chain variable region has an 

amino acid sequence designated SEQ ID NO:8 and the mature light chain variable 

region has an amino acid sequence designated SEQ ID NO:4. 

6. The antibody of claim 1, wherein the mature heavy chain variable region has an 

amino acid sequence designated SEQ ID NO:8 and the mature light chain variable 

region has an amino acid sequence designated SEQ ID NO:5. 

7. The antibody of claim 1, wherein the mature heavy chain variable region has an 

amino acid sequence designated SEQ ID NO:9 and the mature light chain variable 

region has an amino acid sequence designated SEQ ID NO:3. 

8. The antibody of claim 1, wherein the mature heavy chain variable region has an 

amino acid sequence designated SEQ ID NO:9 and the mature light chain variable 

region has an amino acid sequence designated SEQ ID NO:4. 
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9. The antibody of claim 1, wherein the mature heavy chain variable region has an 

amino acid sequence designated SEQ ID NO:9 and the mature light chain variable 

region has an amino acid sequence designated SEQ ID NO:5. 

10. The antibody of claim 1, wherein the mature heavy chain variable region has an 

amino acid sequence designated SEQ ID NO:10 and the mature light chain variable 

region has an amino acid sequence designated SEQ ID NO:4. 

11. The antibody of claim 1, wherein the mature heavy chain variable region has an 

amino acid sequence designated SEQ ID NO:11 and the mature light chain variable 

region has an amino acid sequence designated SEQ ID NO:3. 

12. The antibody of claim 1, wherein the mature heavy chain variable region has an 

amino acid sequence designated SEQ ID NO:11 and the mature light chain variable 

region has an amino acid sequence designated SEQ ID NO:4. 

13. The antibody of claim 1, wherein the mature heavy chain variable region has an 

amino acid sequence designated SEQ ID NO:11 and the mature light chain variable 

region has an amino acid sequence designated SEQ ID NO:5. 

14. The antibody of claim 1, wherein the mature heavy chain variable region is at 

least 95% identical to SEQ ID NO:11 and mature light chain variable region is at least 

95% identical to SEQ ID NO:4. 

15. The antibody of claim 1, wherein the mature heavy chain variable region has an 

amino acid sequence at least 98% identical to SEQ ID NO:11 and the mature light 

chain variable region has an amino acid sequence at least 95% identical to SEQ ID 

NO:4. 

16. The antibody of claim 1, wherein the mature heavy chain variable region has an 

amino acid sequence at least 99% identical to SEQ ID NO:11 and the mature light 

chain variable region has an amino acid sequence at least 95% identical to SEQ ID 

NO:4. 
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17. The antibody of claim 1, wherein the mature heavy chain variable region has the 

amino acid sequence of SEQ ID NO:11 and the mature light chain variable region has 

an amino acid sequence at least 95% identical to SEQ ID NO:4. 

18. The antibody of claim 1, wherein the mature heavy chain variable region has an 

amino acid sequence at least 95% identical to SEQ ID NO:11 and the mature light 

chain variable region has an amino acid sequence at least 98% identical to SEQ ID 

NO:4. 

19. The antibody of claim 1, wherein the mature heavy chain variable region has an 

amino acid sequence at least 95% identical to SEQ ID NO:11 and the mature light 

chain variable region has an amino acid sequence at least 99% identical to SEQ ID 

NO:4. 

20. The antibody of claim 1, wherein the mature heavy chain variable region has an 

amino acid sequence at least 95% identical to SEQ ID NO:11 and the mature light 

chain variable region has an amino acid sequence designated SEQ ID NO:4. 

21. The antibody of claim 1, wherein the mature heavy chain variable region has an 

amino acid sequence at least 98% identical to SEQ ID NO:11 and the mature light 

chain variable region has an amino acid sequence at least 98% identical to SEQ ID 

NO:4. 

22. The antibody of claim 1, wherein the mature heavy chain variable region has an 

amino acid sequence at least 99% identical to SEQ ID NO:11 and the mature light 

chain variable region has an amino acid sequence at least 99% identical to SEQ ID 

NO:4. 

23. The antibody of claim 1, provided that position L36 (Kabat numbering) is 

occupied by F. 

24. The antibody of claim 1, provided that position L83 (Kabat numbering) is 

occupied by L. 
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25. The antibody of claim 1, provided that position H73 (Kabat numbering) is 

occupied by D. 

26. The antibody of claim 1, provided that position H93 (Kabat numbering) is 

occupied by S. 

27. The antibody of claim 1, provided that position H93 (Kabat numbering) is 

occupied by A. 

28. The antibody of claim 1, wherein the amino acid sequence of the mature heavy 

chain variable region is SEQ ID NO:11 and the amino acid sequence of the mature 

light chain variable region is SEQ ID NO:4 except provided that position L36 (Kabat 

numbering) can be occupied by Y or F, position L83 (Kabat numbering) can be 

occupied by F or L, position H73 (Kabat numbering) can be occupied by N or D and 

position H93 (Kabat numbering) can be occupied by A or S. 

29. A antibody comprising a humanized heavy chain comprising the three Kabat 

CDRs of SEQ ID NO:11 and a humanized light chain comprising the three CDRs of 

SEQ ID NO:4 provided that position L36 (Kabat numbering) is occupied by F and/or 

position L83 (Kabat numbering) is occupied by L and/or position H73 (Kabat 

numbering) is occupied by D, and/or position H93 (Kabat numbering) is occupied by 

S. 

30. The antibody of claim 29, wherein position L36 (Kabat numbering) is occupied by 

F and position H73 (Kabat numbering) is occupied by D, and position H93 (Kabat 

numbering) is occupied by S. 

31. The antibody of claim 29, wherein position L36 (Kabat numbering) is occupied by 

F and position H93 (Kabat numbering) is occupied by S. 

32. The antibody of claim 29, wherein position L36 (Kabat numbering) is occupied by 

F and position H73 (Kabat numbering) is occupied by D. 
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33. The antibody of claim 29, wherein position H73 (Kabat numbering) is occupied 

by D and position H93 (Kabat numbering) is occupied by S. 

34. The antibody of claim 29, wherein position H93 (Kabat numbering) is occupied 

by S. 

35. The antibody of claim 29, wherein position H73 (Kabat numbering) is occupied 

by D. 

36. The antibody of claim 29, wherein position L36 (Kabat numbering) is occupied by 

F and position L83 (Kabat numbering) is occupied by L and position H73 (Kabat 

numbering) is occupied by D, and position H93 (Kabat numbering) is occupied by S. 

37. The antibody of claim 29, wherein position L36 (Kabat numbering) is occupied by 

F and position L83 (Kabat numbering) is occupied by L and position H93 (Kabat 

numbering) is occupied by S. 

38. The antibody of claim 29, wherein position L36 (Kabat numbering) is occupied by 

F and position L83 (Kabat numbering) is occupied by L and position H73 (Kabat 

numbering) is occupied by D. 

39. The antibody of any preceding claim, wherein the mature heavy chain variable 

region is fused to a heavy chain constant region and the mature light chain constant 

region is fused to a light chain constant region. 

40. The antibody of claim 39, wherein the heavy chain constant region has the amino 

acid sequence designated SEQ ID NO:14 provided the C-terminal lysine residue may 

be omitted. 

41. The antibody of claim 39, wherein the light chain constant region has the amino 

acid sequence designated SEQ ID NO:13. 

42. The antibody of claim 39, wherein the light chain has the constant region 

designated SEQ ID NO:28. 
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43. The antibody of any preceding claim, wherein the heavy chain constant region is 

a mutant form of natural human constant region which has reduced binding to an Fcy 

receptor relative to the natural human constant region. 

44. The antibody of any preceding claim, wherein the heavy chain constant region is 

of human IgG1 isotype. 

45. A nucleic acid encoding a mature heavy chain variable region and/or a mature 

light chain variable region as defined by any preceding claim. 

46. The nucleic acid of claim 45 having a sequence comprising any one of SEQ ID 

NO:15, 17, 18, 19, and 20. 

47. A host cell comprising a vector comprising the nucleic acid of claim 45 or 46. 

48. A method of treating a patient having or at risk of a synucleinopathy, comprising 

administering to the patient an effective regime of an antibody as defined by any of 

claims 1-40. 

49. The method of claim 48, wherein the patient has REM sleep behavior disorder 

(RBD)• 

50. A method of detecting Lewy bodies in a patient having or at risk of a Lewy body 

disease, comprising administering to the patient an effective amount of an antibody as 

defined by any of claims 1-44, wherein the antibody binds to Lewy bodies; and 

detecting bound antibody in the patient. 

51. The method of claim 50, wherein the antibody is labeled. 

52. A method of reducing Lewy body formation in a patient having or at risk of a 

Lewy body disease, comprising administering to the patient an effective amount of an 

antibody as defined by any of claims 1-44. 
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53. A method of inhibiting synuclein aggregation or reducing Lewy bodies or 

synuclein aggregates in a patient having or at risk of a Lewy body disease, comprising 

administering to the patient an effective amount of an antibody as defined by any of 

claims 1-44. 

54. The method of any of claims 48-53, wherein the disease is Parkinson's disease. 

55. The method of any of claims 48-53, wherein the disease is multiple system 

atrophy (MSA) or Dementia with Lewy Bodies (DLB). 

56. A pharmaceutical composition comprising an antibody as defined by any of 

claims 1-44. 

57. A method of producing an antibody, comprising culturing cells transformed with 

nucleic acids encoding the heavy and light chains of the antibody, so that the cell 

secrete the antibody; and purifying the antibody from cell culture media; wherein the 

antibody defined by any of claims 1-44. 

58. A method of producing a cell line producing a antibody, comprising introducing a 

vector encoding heavy and light chains of an antibody and a selectable marker into 

cells; propagating the cells under conditions to select for cells having increased copy 

number of the vector; isolating single cells from the selected cell; and banking cells 

cloned from a single cell selected based on yield of antibody; wherein the antibody is 

an antibody as defined by any of claims 1-44. 

59. The method of claim 58, further comprising propagating the cells under selective 

conditions and screening for cell lines naturally expressing and secreting at least 100 

mg/L/106  cells/24 h. 

60. The method of any of claims 48, 52-53, wherein decline of cognitive function in 

the patient is inhibited. 

61. The method of any of claims 48, 52-53, wherein neuritic and/or axonal alpha 

synuclein aggregates are reduced. 
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62. The method of any of claims 48, 52-53, 

is reduced. 

wherein neuritic dystrophy in the patient 

63. The method of any of claims 48, 52-53, 

is preserved. 

wherein synaptic and/or dendritic density 

64. The method of any of claims 48, 52-53, 

synaptophysin and/or MAP2 in the patient. 

wherein the method preserves 
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