FEETErErerrrrerrrerrrrlh *159159* HUMANI ZED ANTI BODI ES THAT RECOGNI ZE BETA
AMYLO D PEPTI DE Rel ated Applications This application clains the benefit

of prior-fil s | patent 5 application U S. Serial No. 60/363, 751
(filed March Hmﬂnﬂ mﬂl@mﬁtl tled "Humani zed Antibodies That Recognize

Bet a- Anyl oi d Pepfide,  (pending). The entire content of the
above-referenced application is incorporated herein by reference.
Background of the Invention 10 Al zheiner's disease (AD) is a progressive
di sease r esuljMANIPEBEANTEBOBEER i AT RICOERIZE HE YA RAMYPOID B - 403
(1993); Hardy et al., WD 92/ 13069; = Sel koe, J. Neuropa?ho?. BEE b o
53:438 (1994); Duff et al., Nature 373:476 (1995); Ganes et al., Nature
373:523 (1995, @ag?ﬂll-y peaking, the disease falls into two categories:

| at e onset, ??: cul a_t&‘n old age (65 + years) and early onset, which 15
devel ops wel | before tHus spphicdtenpéainethe biendit of peorvitled pRFisaomdl @fenyears. | n

both typ of .,:dl , } (SIS t the abnornmalities
tend to g% r’r%;)p ggéétg)\?)g?g' %%@PN%%B?%@?%5@%&%@28%%%‘% j%""éf’ﬂlzggrl i er
age. The di séatmdes ThhtReoprrs Bed-Ariylaid Repridd” (pénding)y Prserfre t@Sdn0osthe N t he
brain, neurof,brildary tangles and seni| | aques Neurofibrillary tangles
are intracel ?blflgg'rrefjargrb%égia?@gcg 10qﬂsdp%o[%f}f:§h g@%’éfﬁ@?&c?au protein 20
consisting of two filaments tw sted about each other in pairs. Senile

pl aques (i .eBb! aSEY'Q‘r‘l! gka%uesg are areas of disorgani zed neuropil up to
150 m across ! anyl oi d deposits at the center which are
Vi si blf by m'C][OSCODi Qzlml Vrfsicﬁse@ie(é_ﬂ)éﬁihpfbgre@:_fiv@@@éa&? Eeisﬁlﬁﬁginsm%t 4 with
accurmul ation, o ny|, oi gues wi nthe hrain is alsqQ _associated wi
Down' s syndr$ e"ﬁﬁd‘keﬁtgf%?’ “@%gﬂﬁ?ﬁ’\?@%&éﬁ)%??); Bardyeealo WRA2HA06B0nst i t uent
of the pl aqusdkdes.) dVenpipathde Axp! NEGFoFB3:288 69_9?F,T}Dhsfle¢aaqmm€3-73ﬁ% peps); de i s
a 4-kDa int eénal fr %r?fant of 39-43 amino acids of a |arger transmenbrane
gl ycoprotein ?f&??e‘dag’r 1@ier? 18 B btP P2/ Pordly spkingsBe diseasedalls intoApP) . As a
result of prakeetit e BhAE IS EE s MBI 43¥ (65 £ g@a&s%%d e&fy GLaSEhigRZy Mes,

A(3 is primarily found in both a short form 40 amno acids in |ength, and
a | ong bt mdeyelopsivel hgforertbhseniie nerioghi- aobeiveeasdSiand 68 ygars. luiwth typés afhe

hydr ophobi c discaks RipathRngy idB88ife Bit th B nbfndiBed@ndio Bd Yot RAMgeNd Of

A(3, and may account for the ability of Al3 ) _
widespread in cases beginmng at an’earlier age. The disease is characterized by at least

two types of lesions in the brain, neurofibrillary tangles and senile plaques.
Neurofibrillary tangles are intracellular deposits of microtubule associated tau protein

20  consisting of two filaments twisted about each other in pairs. Senile plaques (i.e.,
amyloid plaques) are areas of disorganized neuropil up to 150 um across with
extracellular amyloid deposits at the center which are visible by microscopic analysis of
sections of brain tissue. The accumulation of amyloid plaques within the brain is also
associated with Down’s syndrome and other cognitive disorders.

25 The principal constituent of the plaques is a peptide termed AB or B-
amyloid peptide. AP peptide is a 4-kDa internal fragment of 39-43 amino acids of a
larger transmembrane glycoprotein named protein termed amyloid precursor protein
(APP). As a result of proteolytic processing of APP by different secretase enzymes,
AR is pnmarily found in both é' éhoft form, 40 amino acids in length, and a long form,

30  ranging from 42-43 amino acids in length. Part of the hydrophobic transmembrane
domain of APP is found at the carboxy end of AB, and may account for the ability of AB

to aggregate into plaques, particularly in the case of the long form. Accumulation of
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to aggregate into plaques, particularly in the case of the long form
Accumul ation of -- 1 [LIEEEEEEEEEEEEEErrrrrl *@a0002* anyl oi d pl aques in
the brain eventually |eads to neuronal cell death. The physical synptons
associated with this type of neural deterioration characterize Al zheiner's
di sease. Several nutations within the APP protein have been correlated with
the 5 presence of Al zheiner's disease. See, e.g., CGoate et al., Nature
349: 704) (1991) (valine717 to isoleucine); Chartier Harlan et al. Nature

353:844 (19 : 254: 97
(1991) (val ?‘%ﬁe’)%u tﬂlé‘h&ﬁ aﬁ?%e@“@ﬁ%ﬁdf MJ“?A’J“’ %’” &kﬁ‘ Tﬁg"’@%g 1: 345
(1992) (a dcwbﬂp@nmﬁtsaacumd \clhlaﬁugs thpe d>fysunaéd6é)‘fnmmd”nhammswﬁlzmexmer s

aspar agi neS%eE&um ne596) Such nutations are thought to cause Al zheinmer's
di sease by 10 1 ncreased or altered processing of APP to AD, particularly

processi ng of APP to Sdvart ma&ednsamiumtr& AHP proeeid hivg bear dorefatedDvith the.
A(31-42 and Al 31-4 ns | ne suc eseni I in
genes, P%l 0o A&?}ée”f‘?f&fpﬁ??se E&? f.lcllgcif’g‘i zflf" %%&égégpbg of APP to
?ener ?5 e i nqmm@&itoa.@rmgmui;g)ﬂmhatm@aﬂm g;NNatQ&EETS3='8|&m@lB9I§|(bBIﬁU7 to 1;3]4

1997 15 aye e«i g uccessfu 0. determ ne the
si gni fi cance ycb‘fc?'at%) o4 éﬁfﬂtfé ?‘h Zﬁ (i) %ﬁé‘é"a@“"‘@ Mullgnsit
Johnson- Wodi/¢NaBlkre GeAdr0R345 (N92) (a A mSGtion &#&Aglﬂghzkﬁéﬂs kB fidnine**18

particul ar, when PRAPP trap ?I%*rcuc m ce, (t ich express a nutant form of
human APP arfidP3iRging ode'ﬂ”?ne) h @utgtiosare thaueht ‘°>¢6‘t§ﬁ@‘§§‘§5‘ersd’1‘5éaﬁerﬁyect ed

with thegl OﬂﬁcrEd%EdTbPeTltePéa  préd2Saing B AP ﬁuﬁﬂ??ygﬁéﬁxdgrbftpﬁ‘i’ 80

progression of Al zheimer's and an increase in an titers to the AR
pepti de ( Schesrkasedamaints ofithe long far@f AB7@ e, E@%Z)and'l?‘k[’d -43)s dutations irs

di scussed a i I for is a
causative ell%g%g %Aﬁghs‘%g\{' g%‘é?ﬁﬁfééﬁﬂdg?ggggh %ﬂ%ggﬁ e&’ h%frﬁio rfgu Riadee the
need for newrddessimgofeAPRGenaatydittrcasédbamdunes of25ng ffoﬁﬁwm(@ée Wirdp Zivsi20er

di sease, in lggrggﬁ | ar, therapies and reagents capable of effecting a

t herapeutic ! "at physiologic (e.g., non-toxic) doses. Summary of the

I nventias The present Mdi¥e€mbiaNhdve dkeH @8d BRSEdIsTIMYIO HaSIGA¢ 1he g RTthSce | N

particular, of amyloid plaques in Alzheimer’s (Games et al., supra, Johnson-Wood et al., Proc.

Nail. Acad. Sci. USA 94:1550 (1997)). In particular, when PDAPP transgenic mice,

(which express a mutant form of human APP and develop Alzheimer’s disease at a

young age), are injected with the long form of A, they display both a decrease in the

20  progression of Alzheimer’s and an increase in antibod); titers to the AP peptide (Schenk
et al., Nature 400, 173 (1999)). The observations discussed above indicate that A,

particularly in its long form, is a causative element in Alzheimer's disease.
Accordingly, there exists the need for new therapies and reagents for the
25  treatment of Alzheimer’s disease, in particular, therapies and reagents capable of

effecting a therapeutic benefit at physiologic (e.g., non-toxic) doses.

Summary of the Invention

The present invention features new immunological reagents, in particular,
30 therapeutic antibody reagents for the prevention and treatment of amyloidogenic disease
(e.g., Alzheimer’s disease). The invention is based, at least in part, on the identification

and characterization of a monoclonal antibody that specifically binds to AB peptide and



30 therapeutic antibody reagents for the prevention and treatnent of
anyl oi dogeni c di sease (e.g., Al zheiner's disease). The invention is based,
at least in part, on the identification and characterization of a

nonocl onal anti body that specifically binds to AD peptide and 2 is
effective at reducing plaque burden and/or reducing the neuritic dystrophy
associated wth anyl oi dogenic disorders. Structural and functional

anal ysis of this antibody leads to the design of various hunani zed

i bodi es f i ' it . '
anti bodi es f QeI leadihe lﬁmﬁgd&%%ﬁé&iﬁ%ﬁ%%%u%@c @ﬂﬁgfg isé‘cgc;ﬁt%aﬂﬁdy 5

invention features humani zati on of the variable regions o

and, accor di WGk ymylgidegeriediserdersh Srraethrabend frmatioogll apblybis of this antibodyoldsdschai ns,
intact humagigegls 0 [ ant:| ' functional .

i munog! obTIati% n or gt bg‘%ﬁlﬂy Jrn?g?r%ér)f{ngg&?l%p%gk rﬁ?&ﬁ?ﬁ%mﬁf@){ }hgeéa W8 ng
fragment s, oln pattisulap dhainechtian tfedtgdshunRmizapepo f e sartabigregivnnNgf thiseantibody

conpl enend ar j 1.y 1 0| reagi,ons of ,the featured nqcl.onal . anti body
are al son%i sctdb%cggfdﬁ{gg ’glr'ée%gdﬁgﬁyr%l&meng ‘?E&’ém‘#ré"ég’g’ﬁﬁg or ?}g’t'ibf’& ghaingeinfach post
cel : s 3 ui ta_blhtex(lja_’ntned énmunbghg:_uﬁaé gr pnibycp‘eqohxhdjﬁzlctid\vﬁ_t ihﬁﬂﬁndggthliﬂ?aﬁ zgﬁr?iabdy)f

anyl oi dogeni i seases or,.disarder.s..(e.g. ei _mer' .sease) are

di scl osed, a$*&Xi¢¥ spWé’PFFE@?&ﬁ“@é‘f“%Bﬂé%??W% °gHﬁ fﬁ‘?t't‘r§g%‘|’b°8§e in such
appl i cations. Al so fe®olypestides comprisiathe edmplehaithdiyidegrmasiciegonybiti n t he
featured 15 rmnﬁcl onall a}nt I, i i.ch are inportant for

bodi es ‘whj.ch proper
i munol ogi ¢ FEATE MSROSRRe 138'11b0diy&é%17°f‘§)?°ﬁ‘§e‘li’é‘§i“Eﬁfé’%y’Wﬁ}eEHd"a'reégeﬁ ¥ to
substi t ut0 orandmottitellkastable fefenbodiBgdatEsblypliddeodi es having i nproved bi ndi ng
affinities and/or reduyced | nogenicity, .when used as therapeutic
reagents. Also featur ‘%?Jé%gﬁf?tﬁ‘ﬁﬁfi°é§"’(>’8’.“§j’.3,emﬁGf?ﬁ?ﬁeiéﬂd‘a‘?ﬁi?fﬁ)éﬂyﬂes) havi ng
altered 20 gREh&GLEE dibetBEldrOMiScloRahstahepiARBMelGcal 86RpdRRIne Afd kil foffise
Descri ption of the awi ngs Figure | A-B depicts an a?i gnnent of the am no
aci d sequencBSUTFPPREUONY - ght chain of nouse 12B4 (nmature peptide, SEQ ID

NO 2), humani zed 12B4 AjgpfestifRd aromBX86ds d16d §§Q 1osilEL Githik 005036
(mat ur e[\%epti de, SEQ I.D NGO 32) and gernii rfg 19é (%6335971, rraa}tggéaer&%%pti de,

SEQ | D N& 30yonesltontisatibadiescripch axgiimpartant for propehipirecholonic faetidn azddor The
singl e backnuénifyiegresidugs WhiBREreameARIS B SuBRinttéR ih the deBih GRhGHarYeat he
asterisk. The j n(Por tance of the shaded residues is shown in the | egend.
antibodies having improved binding affinities and/or reduced immunogenicity, when
used as therapeutic reagents.
Also featured are antibodies (e.g., humanized antibodies) having altered

20  effector functions, and therapeutic uses thereof.

Brief Description of the Drawings

Figure 14-B depicts an alignment of the amino acid sequences of the

light chain of mouse 12B4 (mature peptide, SEQ 1D NO:2), humanized 12B4 (mature

25  peptide, SEQ ID NO:6), Kabat ID 005036 (mature peptide, SEQ ID NO:32) and
germline A19 (X63397, mature peptide, SEQ ID NO:30) antibodies. CDR regions are
stippled and overlined. The single backmutation of a human — mouse residue is
indicated by the asterisk. The importance of the shaded residues is shown in the legend.
Numbered from the first methionine, not Kabat numbering.

30 Figure 24-B depicts an alignment of the amino acid sequences of the
heavy chain of mouse 12B4 (mature peptide, SEQ ID NO:4), humanized 12B4 (version
1) (mature peptide, SEQ ID NO:8), Kabat ID 000333 (mature peptide, SEQ .ID NO:34),
and germline VH4-39 and VH4-61 antibodies (mature peptides, SEQ 1D NOs: 38 and

3



Nunmbered fromthe first methionine, not Kabat nunbering. 30 Figure 2A-B
depicts an alignnent of the am no acid sequences of the heavy chain of
nouse 12B4 (mature peptide, SEQ ID NO 4), hunanized 12B4 (version 1)
(mature peptide, SEQ ID NGO 8), Kabat 1D 000333 (mature peptide, SEQ ID

NG 34), and germine VH4-39 and VH4-61 anti bodies (mature peptides, SEQID
NOs: 38 and 3 36, respectively). Annotation is the sanme as for Figure 1.
Nunbered fromthe first nmethionine, not Kabat nunbering. Figure 3A-D

depi cts the 38)¢dspedtiveis). aRBhAITORGs aqelsgnéesqféeprgﬁmf O NunfbePRHAE e B4 VLV L

conpared with chimeric 12BAVL (identical variable region 5 sequences as
nuri ne 12B4VPethigoge; potiapat rimbgrng 1 espect i vel y) ; germ i ne Al9 sequences

(SEQ I D NGs: 29 and sq:,gr,@sngsai@fakn)e,nu@egn&aﬁhqm'{3 PR30ercofR | D NB: 31

and 32, respectl vel y) ure D depicts the nuc eot I am no acid
sequence for u"l*ﬁ!ilmﬁl12861\/@218299%16%%@11@@0@ZBﬁ\dh(ummpd Vhﬂ&bﬁh/i-ég(drdentl cal

variable ge S

respecti vsrel y eﬁ&k]g%%s gggﬂ’(i{%q)%%g? re?f’(?%‘if%)r% ipg ?\?gl y) and
gernline VHélscallenGw@EQjD\]@s 29%nd 30, Bfpectived®panit Kabed §) 005%)3@(1$]BQ5D NOs:
graphical ly e %dc} Srek % [\SA results fromtwo i ndependent experinents
nmeasuri ng the imeric 12B4, 3D6, and chineric 3D6 to AR 15
(panels A and B, respéﬁgurvéhw depliéty themublegidepit amidoyacieyey@dne et i ti ve

ELI SA bi ndi onf unctional. acti vi f 12B4 and chinmeric 12B4 as
conpar ed tor}gﬂ? eﬁlg%w}c{ g‘i%"paé ﬂl%t‘ﬁ' b&u?%ﬁg%[&‘di'ﬁ'@ﬁ I'yagalig r¢gi9mngl es)
conpet eslOni tseqegaed asmmrmaaymwnhswsnrmms 3kin@%| ﬁaydeaﬁ\&qiy)nnawﬁ)@@mtser part
(open invert murine 12B4 to

S r bi ndi of biotin Iate
A5 42" popt CHO LR, £%ha o8 respefiel: fuseorarcibist (568 BNgEeseodi assay
testing the respattivety). of chineric 12B4, 3D6, and human IgG | to nediate the
uptake of A(3 by mecr PDAPP_br ai n sectl ons, Figure 8
graphi cal Iy depicts tﬁoégﬁf%gﬁai’g'cf‘?%%m% the ELLo/ Frgulis frem tye independent
phagocyt osi expesais healfhSthd bathehbf chRRRRALBYEIDG, ab®&iinege 8HE GRp! I 1Y Of

chimeric 12B4,
15 (panels A and B, respectively).

Fligure 6 graphically depicts competitive ELISA binding confirming
functional activity of 12B4 and chimeric 12B4 as compared to 3D6, chimeric 3D6, and
10D5. Chimeric 12B4 (open triangles) competes with equal p(l)tency with its non
biotinylated murine counterpart (open inverted triangles) for binding of biotinylated

20  murine 12B4 to AB1-42 peptide.

Figure 7 graphically depicts an ex vivo phagocytosis assay testing the
ability of chimeric 12B4, 3D6, and human IgG1 to mediate the uptake of A by
microglial cells on PDAPP brain sections.

Figure 8 graphically depicts the results from two independent ex vivo

25  phagocytosis assays (panels A and B, respectively) testing the ability of chimeric 12B4,
humanized 3D6, and human IgG1 to mediate the uptake of AB by microglial cells on
AD brain sections. | |

Figure 9 is a schematic representation of the PCR-mediated assembly of

humanized 12B4, version 1. Figure 94 dcpicts the assembly of the VL regions. Figure
30 9B depicts the assembly of the VH regions.



humani zed 3D6, and human 1gd to nediate the uptake of A(3 by mcroglial
cells on AD brain sections. Figure 9 is a schematic representation of the
PCR- nedi at ed assenbly of humani zed 12B4, version 1. Figure 9A depicts the
assenbly of the VL regions. Figure 30 9B depicts the assenbly of the VH
regions. 4 Detailed Description of the Invention The present invention
features new i nmunol ogi cal reagents and nethods for preventing or treating
Al zhei nmer' s di sease or ot her anyl oi dogenic di seases. The invention is

based, at | ep3tailed DR3¢ iptid ofitRE LV AfigFt €ri zation of a nonoclonal 5

i mrunogl obul i, IZB4, e%fect Tve at_binding beta anmyloid protein (AR (e.g.,
bi ndi ng sol ubl e and/ oFh&Rfgsealayerdiopfeauresmany mirivunplqgiced cogentsing fethals, of
aggregated AR Ve : . / e .ng_neuritic st rophy
g s Chpraf RNl € BisBE PRt AL RS R aeS, T hat i o
and st ruct ur Ziventamriabased at dgabidn pert, onhkee chardcremizyticanef aswmonidaaly struct ure of

the variabple.light.an y _&hains . of .the 12B4 10 i nmu | obul.in and the
i dentiifi cgt i 3?1"“%?°gr1‘g’s“§%8{]@?ﬁr ﬁ@%C?‘t" St gpe g“é‘i F‘W‘Pgﬁo RGN é@?ﬁ‘l&& ty.

| mrunogl obul kmﬁblaw&e@tgtbrg@tdd\Allei),QhedidiﬁF%E%o@yfbﬁ"s @bl @fdg%&@&te@ﬂﬁf,or

vari abl e heavy chain of the 12B4 npnoclonal imunogl obulin descri bed
herein.  PrefsSp¢iBgPlaaps PHSBF A o Feduciag geuriticiystagriiyt(e-g., inmamationt).oBud i ns, are

featured whi g,he,;&onii@ﬁirua@\eba%e@meidzﬁﬂnmdnla@g%uhétg@; crﬁﬁ@{e%at@}{g?w’eezed

vari abl e heavy chain. Preferred variable Iight and/or varia avy
chai ns i ncl uBRRMAYEDASFORBHY airvatyre 9éthe vatishln ight mad heavy CBIR) oftholdBdhe 12B4

| mrunogl gl inimboetbbuiHAAPIhe iABNAOBLARE B cARbor kAL ARG ] famewor k regi ons
substantially froma human acceptor | m’runogf'o I'i'n.” The phrase
"subst ant i al I'gmepegaRigithunman accept or i nmunogl obul i n" nmeans that the

L 200 kY, TGS YR AEPTHAE YRR SRR,
posi tions wi Yaiapledicavieehagedidbe B4 monasmelimmaugioglobeln deséritie &ereinmani zed
o0l O5ul 4k b SRR o Bl B SEELEER R
i mmunogeh? ci ingludé a humanibedneamiable dightramdfoo Jlroinitddrvariabe heavgrBaipnPedimeant , t he
invention fealiibRYight MHAIRVaASH . hORYBRGAORULAD, complementarity determining
region (CDR) from the 12B4 immunoglobulin (e. g., donor immunog]obulih) and
variable framework regions substantially from a human acceptor immunoglobulin. The
phrase “substantially from a human acceptor immunoglobulin” means that the majority
20  or key framework residues are from the human acceptor sequence, allowing however,
for substitution of residues at certain positions with residues selected to improve activity
of the humanized immunoglobulin (e.g., alter activity such that it more closely mimics
the activity of the donor immunoglobulin) or selecied to decrease the immunogenicity of
the humanized immunoglobulin.
25 In one embodiment, the invention features a humanized immunoglobulin
light or heavy chain that includes 12B4 variable region complementarity determining
regions (CDRs) (i.e., includes one, two or three CDRs from the light chain variable
region sequence set forth as SEQ ID NO:2 or includes one, two or three CDRs from the
heavy chain variable region sequence set forth as SEQ ID NO:4), and includes a variable
30 framework region substantially from a human acceptor immunoglobulin light or heavy
chain sequence, provided that at least one residue of the framework residue is

backmutated to a corresponding murine residue, wherein said backmutation does not

substantially affect the ability of the chain to direct AB binding.

5



|l ight or heavy chain that includes 12B4 variable region conplenentarity
determning regions (CDRs) (i.e., includes one, two or three CDRs fromthe
| ight chain variable region sequence set forth as SEQ ID NO 2 or includes
one, two or three CDRs fromthe heavy chain variable region sequence set
forth as SEQ ID NGO 4), and includes a variable 30 framework region
substantially froma human acceptor imunoglobulin |Iight or heavy chain
sequence, provided that at |east one residue of the framework residue is

backnutated to a corr empAGHENGEBAIhaR, tn@fnwstur%n RIS Rumigkgpackmut ati on
does not substantlally affect the ability of the chain to glrect A(3

bi ndi ng. 5 | PawRASRbuliBhBl@r heamy cheinghat i $ b¥B4 eamableagegian humani zed

i mrunogl obul ¢dingib@tarty dBEAY; I io

conpl enment ar i tyﬂ det et? mslnl ng ?ﬁle%r}g%gnst@m? @Céeqqaﬁdés%ﬁ? %'% Orgﬁéee C{Dgg

three CDRs fremihe kght chaimyaridbia regipas¢qiohes sr:e@}rtb s SEQ[]ErN;@ 2smti/of m‘ctuhesas SEQ

I D NG 2 d/ %?Rs omthe h

vari abl ea?eg%nhgkggﬁgﬁgg% sKe}' %rrtatléﬁ]egsy %EEBE&F le?gbin SCAREE K ﬁg?‘ﬂﬁ%"ér@&

vari abl e fraleNex4), aeighdndesubarabie lﬁainleyoﬂcrmgmasxkhstmnanmcﬁxﬁpmaman

i rmunogl obul Ln..sequence I‘OVI d at at | east one

f r amewor k reésc:aodl}lélgllmsm@uﬁggﬁi;{ryu % H?aﬁy%ﬁ né%qi' PESHYRY! &?}ﬁ'ﬁ@s%ﬁed resi due

fromthe nofizeev@B4esidughs smstxtb&awtmhacdrredptrnldaigl aﬁuﬁcegd]d)fhsﬁiaélﬁeﬁh(iﬂe vvher €

t he framework resi 0 i.s sel.ected from.the group consisting (a)
mouseslzgu?’lg’én?r REayy hgw ‘é?ﬁ‘f‘li’lﬁé‘?’?‘°'bﬁeﬂ‘ge€‘t"i’ nWhepghe a'f“é‘éfP@ftIé“%j acent

resi due that non-cova
to a CDRO ( ci seleG@BREbmtET grotp a@si’s&ﬁg oif@) 4 &s@ue thati®ntdovhietly Bidgmigtd ng the

l'ight or hea on. the,.sol ved f a honol ogous known

i munog! obul‘?llyecgﬁg(k% reside adigenL oA @%u‘é f)g lofesarting esidie (g identifigd
interface. |by mogdingthelighooh meany chdifén ihe ¥ENEd RciRAbY 1RInAodhiRAIEd 15

i nmunogl obul.in i ’?‘rkd}gg'gy%ﬂégal n that includes 12B4 variable region CDRs

and vari abl'8FYY 13 inidye PfHeiRcungdr theof L-Vikhinesrobul i n | ght

or heavy chain sequengenotRér@ibdeihent) &le idtenti6R fdatuPll Hunfiip@r k residue is
substltuted W th thﬁ correspondi ng am no acid residue fromthe nouse 12B4

light orlhed®MuegicRulimbight oy eaVVéﬁ?‘bH‘a’s@ﬁlh‘é?Fc’@BWéP‘ée fegiorf GRReewsk k r esi due

is a resi duevaciapialflamenbriakhiont fro@ d tivehh aa&pfohmuﬁ@gﬁmhh% € heh)y
conformation_or function as identjfied anal ysis of a three- di"mensional

model of t hePORSERIRPES: PEYidSd that 3t leé&&%ﬁ@“&“’?’&ﬁ%’é ixeybatified oithithe er act i ng

Wi t hbiant i ]gerbon@spfoﬂ&lhg Wit RXd FBud Rorh MR ABlse 9284 BRI Ry dhin VAL due
capable o

region sequence, where the framework residue is a residue capable of affecting light
20  chain variable region conformation or function as identified by analysis of a three-
dimensional model of the variable region, for example a residue capable of interacting
with antigen, a residue proximal to the antigen binding site, a residue capable of
interacting with a CDR, a residue adjacent to a CDR, a residue within 6 A ofa CDR
residue, a canonical residue, a vernier zone residue, an interchain packing residue, an
25 unusual residue, or a glycoslyation site residue on the surface of the structural model.
In another embodiment, the invention features, in addition to the
substitutions described above, a substitution of at least one rare human framework
residue. For example, a rare residue can be substituted with an amino acid residue
which is common for human variable chain sequences at that position. Alternatively, a
30  rare residue can be substituted with a corresponding amino acid residue from a

homologous germline vanable chain sequence.



interacting wwth a CDR a residue adjacent to a CDR, a residue within 6 A
of a CDR residue, a canonical residue, a vernier zone residue, an

i nterchai n packi ng residue, an 25 unusual residue, or a glycoslyation site
residue on the surface of the structural nodel. |n another enbodi nent, the
invention features, in addition to the substitutions described above, a
substitution of at |east one rare human framework residue. For exanple, a
rare residue can be substituted with an am no acid residue which is common

for human variable chahinS@EueALAna hiRleRRRILd é&}QsaﬁéMﬁi}at' vely, a 30
rare residue can be substituted with a correspondi am no aci d residue

froma homl”@@%lcﬁ’@}lﬁﬂahéckﬁéﬁ alight Cbahmmi @b@uenhﬁen, a6 deseribeviotbhes, or an
enbodi nent i e i noun n _that
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ant i gen- bi ndhmgamzeégmenmogibbtdmbuhcisrmgnmlcdhulljr bnndsl)mo bBéta exigiofd fbiide (AB)
enbodi ment specifically binds)

i ) [,nds .
to beta anyl v(‘)’?gaggjpfqgcfigz? g‘([ﬁm\ﬁqqh QP gordpf Mn -t1) 2ggthefembadanent, 07 M 1,
10' M1, or theemivuhoglbbuliamehityen eidig ﬁﬁgﬂ{em int@esl arﬁgdﬂpﬂiaﬂmlvlﬂ% iynt i gen
bi ndi ng frag t cl udes, a heavy chain having isoty I n "anot her
embodi nent, g"?“r?ﬂif g‘b‘h{ﬁ‘ﬂ“ thSFmﬁ’Hf‘?Sj%‘?P“E?l%amrﬂjnfbrfa’g?‘&#ﬁmph@w%(egg
ficall
specifica YSptéhﬁgaﬂy Exf?d ?Rﬂt%tﬁ&hﬁ{ﬁé getpgfng]owg 959 fiqggroﬁ@d A,E‘[i;;'gléxn bi ndi ng

aggregated A’ In anothéer enbodi nent
fragment medinethss ermboqoma@}o@yummueoaleb@n or amgscu émdpigafm;ehasecsates)f bet a

| oi d t th th | obul
anti gen B n REo e . holls ARReNThin) SERRE R O motd P o et - 1
yeéI anot Be{ mg&w;ddnmnhc; imthendgiobulio gt ﬂbigbm Bmorngmgiggﬂrtr&s?dh@lgoo{ Bﬁﬂﬂe nt
Subj ot . 15 TR B E LR erInOE HEiE: PR PRICHE MoR Tt BST SRS PROE
i munog! Obulﬁﬂgﬁlent fedtices Bothwde a]:%d‘;ﬁé;ﬁtlcﬁl@kﬁ) Blﬁﬂérpeﬂﬁl r(eﬁm@c dystrbghy4ARi abl e
regi on sequences set forth as SEQ ID NO2 or SEQ ID NO 4). In yet anot her

embodi ment, RE% nmunogl obul i n, or anti gen-bi ndi ng fragrrent t her eof

further isncl udes CONSHRRotke? SBBSmhOMe lg@Lt,orT Rgmk@mmmcqmuhggoﬂﬁ%“ bed
herein are p rtl‘g&‘{fﬁ%’% suited for use |n .20 therapeutic net s al med at

preventing gpatn ARPRRIF Er8IPER (28 of §éé§®§e regiqn geaueneer b domieast SEQ he
invention feaNOZorSEERIING:Of 1Y@ uastheNGntdirhdnedhd Mt 3 RBYL R LH0geni ¢

antigen-binding fragment thereof, further includes constant regions from IgG1.
The immunoglobulins described herein are particularly suited for use in

20  therapeutic methods aimed at preventing or treating amyloidogenic diseases. In one
embodiment, the invention features 2 method of preventing or treating an amyloidogenic
disease (e.g., Alzheimer’s disease) that involves administering to the patient an effective
dosage of a humanized immunoglobulin as described herein. In another embodiment,
the invention features pharmaceutical compositions that include a humanized

25  immunoglobulin as described herein and a pharmaceutical carrier. Also featured are
isolated nucleic acid molecules, vectors and host cells for producing the
immunoglobulins or immunoglobulin fragments or chains described herein, as well as
methods for producing said immunoglobulins, immunoglobulin fragments or
immunoglobulin chains -

30 The present invention further features a method for identifying 12B4
residues amenable to substitution when producing a humanized 12B4 immunoglobulin,

respectively. For example, a method for identifying variable framework region residues



di sease (e.g., Al zheiner's disease) that involves admnistering to the
patient an effective dosage of a humani zed i munogl obul in as descri bed
herein. I n another enbodinment, the invention features pharnaceuti cal
conposi tions that include a humani zed 25 i mmunogl obulin as descri bed herein
and a pharmaceutical carrier. Also featured are isolated nucleic acid

nol ecul es, vectors and host cells for producing the inmunogl obulins or

i mmunogl obul i n fragnents or chains described herein, as well as nethods

for produci n&néﬁ b h px"%iv@?mohl ent : onLHfl}n&E Lorng Blure &a 12B4

i mmunogl obul i'n c ai ns e present atures met hod
for identifyvaigble2egion ores salvesishcammdogiub enmonglmwhntmmlun anﬂ1mlxzrrxgdmd| ng a

humeni zed L2644 GER4008]c00Mb Ik of SHESRECLBY Pl b 0 FXAIRNE, icget hod f or

identifying varli K reglo Fesid g Qubstitution
i nvol ves nod@dnfmglaudsreortfhncamndsmm resiluessinianable tesubbtitatidi?fd idevafiédaite

regi on on. a ous | uI|n structure,.and | vzi sai d
nodel f 0?5 ulé’g ﬁgﬁ}%t egfusgno ?‘F\%’ S5 BA SWH@@FB@GF aﬁ§€§r¢§ﬁ‘5 regi on
conf or mat i onoxcﬂEQ UDAOaor a‘w(pbrttolﬁalﬁeré@nh@ﬂ&ﬁxcﬁ@’%ﬂﬁbé-ﬂnﬁ@xsﬁﬂﬂSﬁ'xia%dﬂfia0n are

i dentified. T 5 inve io (t her Eﬁres use of the varlab e region
sequence set 145 immungsle er“’E)?gl chaingr fomgin thereofor ti on t her eof ,

in producing a three- mhw%emn@lennmﬁmaffemrelZ%uhdgimqgé PR dhered2B4
|nnunoglobullﬁ chgﬁﬁh?or domai n thereof. The present invention further

features i th Sugh-Aithgyability &o biad e@F‘f‘%’c‘f“é‘F“ﬂ?ﬁnE"t’FWP ®uch as the
ability 1 bédthlé?ﬁJn@@i pfecemére&wneesrfecifo%elﬁ&ﬁlmlnemarlQleqeﬂmln%%ieeﬁlmoaﬂﬁe
u

receptor on an effector cell. In particular, the i muno l'in of the
i nventi on ha8VEiioRPEEAGHICE S FOT M TFER)): 68, Fe Iegion, plieregyitderst aisamisqncd | east

one amino acxle@lduerlﬁ%@ktteregi@nm%bééﬁ ré;ﬁﬁieemmschhé‘r@ﬁt rés@@le%%e%élﬁ fh dllel T erent
residue or side chain. In one enbodinent, the nodified |nnunoglobu inis

of the 1gG ciaedimensips msé@eammewlowe is efrthiBGadase, qomprrigescat feagtloagement i n
the Fc regi Ofmisdedid tdifiue ‘i’éb‘fac'emqgmeqf?}%%gn bhas (RR U%anﬁlnbﬁgﬁglnqag agtor

function, eégﬁ as conpared wth an unnodified 1 nmunogl o
parti cul Br tdickertoniunctinn, p.ananesghrased With of unrhedifisdiemingglobelin. dn al t er ed

effector fyneddupp eﬁl'd@&lrﬁeﬂ@t tht {min8ndg@Slih m@@mmx&x NS o alterBPEFecht Provoke
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i nproved arryﬁuwwnép@athatnté less dypEbpogssic (e.gn dpesmonhprevekedmdtsirab kffedtericell] | f .
activity, lysis, or complement binding), has improved amyloid clearance properties,

and/or has a desirable half-life.
20 Prior to describing the invention, it may be helpful to an understanding
thereof to set forth definitions of certain terms to be used hereinafter.

The term “immunoglobulin” or “antibody” (used interchangeably herein)
refers to a protein having a basic four-polypeptide chain structure consisting of two
heavy and two light chains, said chains being stabilized, for example, by interchain

25  disulfide bonds, which has the ability to specifically bind antigen. The term “single-
chain immunoglobulin™ or “single-chain antibody” (used interchangeably herein) refers
to a protein having a two-polypeptide chain structure consisting of a heavy and a light
chain, said chains being stabilized, for examx.)le, by interchain peptide linkers, which has
the ability to specifically bind antigen. The term “domain” refers to a globular region of

30 aheavy or light chain polypeptide comprising peptide loops (e.g., comprising 3 to 4
peptide loops) stabilized, for example, by B-pleated sheet and/or intrachain disulfide
bond. Domains are further referred to herein as “constant” or “variable”, based on the

relative lack of sequence variation within the domains of various class members in the

8



20 Prior to describing the invention, it may be hel pful to an understandi ng
thereof to set forth definitions of certain ternms to be used hereinafter.
The term "i mmunogl obul in" or "anti body"” (used interchangeably herein)
refers to a protein having a basic four-pol ypeptide chain structure
consisting of two heavy and two |ight chains, said chains being
stabilized, for exanple, by interchain 25 disulfide bonds, which has the
ability to specifically bind antigen. The term’ single- chai n

O or 90! 0P e of wcofilleh E5- R L UL ACY v HRSE W A EAANARER R B 1)

refers to a protein having a two ure con8isting of
a heavy and dadsu@dmbersohdlertpsesnﬂ' ad‘vahd:lﬂ’sdohmmgmsttbaby bt peybepfide “dexaimal’e, by

interchain p e t he abij.li to s C|t|caILy bi nd
anti gen. Theaer? tgir%%’ T 5’%{? intere %gefb[] éhegﬁ“oﬁff’%\?c’dlty@élpfilﬁp ldif%o“’cmﬁliiavy or

| i ght chai n Plod §cpmgpanit’ dammflaﬁm@bqagmtghmainm&fe(r&dgo int€rolEppeadiyg 3 to 4
pepti de |o00p; t.abilized, for, e pl eat ed shget .and/gr
|ntracha|5ﬁ ﬁigﬂf?qaﬁ‘econﬁﬁrﬁ(ﬁeg’?ﬁ %ﬁggp‘ﬁ]ﬁ@ CP\B/?tWéleF'é‘Fe ?Jg reeioni&F eFh” as
"constant" odoniaim I'I?hb|“eonstaﬁlta$i6ﬂ11aﬁl@ of &€antibBihdav e clllzﬁﬁ kreQbfefr@fiidence variation
Wi thin the domains of rious class nmenbers in the 8 case of a "constant”

domai n, or tREIRRgRRPLY @érhea\’/)é?}}agt FORStans FEHPRS t 2 WoFhsinconsiantdemamss ¢l ass

menbers i n tHECRERNS: ‘CTH R eThoarRie” Mdu%%%nm YiRERhh{Gre
"domains" are often referred to |nterchg'rr}% in the art as antibody or

pol ypept i de TefedigH éigiterchangeably ag nlighs ghain y ifh@glens” ¥ lgilhﬁl?%wlabieght chain
ar e ref efg edidnminsn! VNSRRIV 1 2Yomain). gfﬁe R CRARARYE af Q:le%@f t"| I ght
an

chai n constant donmins", "CL" regions or omai ns. The "cons
donai ns of difaunthaguay qﬁmyo HRFhangeably e é\r:mophm copsians regiensgehedyy as

"heavy chai rbhﬁﬁ‘xrb%hﬁiﬁt deﬁﬁhQ’nECH” 666 Y%r SEAT BomBASL ant domal ”5" TCH
regions or "CH' donains). Vc'ril’l abl (ra gon%l:ﬁnssc)of an anti body I i ght chain

are referred to i nteﬂbh&ﬁgeeﬁﬂlojﬂ”&snallw teifier t@hamovmﬂlarbb%anra@gbmsdham"l i ght
chain vari alj gndi) QHBhH am§y%ha¥>§rgbpﬁb§‘u of afke vfgfw%m gpa riable

domai ns of an anti body n are referre erehangsa y as
"heavy clfai m%mfawpns’f@g povegiable'dogriry as ddfmied hareind taamiellce merediSrete CH'

regi ons or "daHs ofUFRbMIY JE'}%:ﬁs%rrﬁ'ot Iag'ngd %gﬁlﬁleaixég af'l@%lg:{v&tcﬁalﬁs mggiht or

portion of an anti body chain or an
portion of zenHAdaary chpin|vagddle @dmams ioelude MWImenmmwemmngfegmnsbmstant or

vari abl e dongigy "?rﬁexgﬁécréeﬁ hetgl Ny, ﬁ?e%@ L°F$Fﬁmr8h‘fhgg ete parts or

portions of said chains of I'ns. 1 eavy chai ns or
| i ght Immunoglobulms or antibodies can exist in monomeric or polymeric

20  form, for example, IgM antibodies which exist in pentameric form and/or IgA antibodies
which exist in monomeric, dimeric or multimeric form. The term “fragment” refers to a
part or portion of an antibody or antibody chain comprising fewer amino acid residues
than an intact or complete antibody or antibody chain. Fragments can be obtained via
chemical or enzymatic treatment of an intact or complete antibody or antibody chain.

25  Fragments can also be obtained by recombinant means. Exemplary fragments include
Fab, Fab’, F(ab’)2, Fabc and/or Fv fragments. The term “antigen-binding fragment”
refers to a polypeptide fragment of an immunoglobulin or antibody that binds antigen or
competes with intact antibody (i.e., with the intact antibody from which they were
derived) for antigen binding (i.e., specific binding).

30 The term *“conformation” refers to the tertiary structure of a protein or
polypeptide (e.g., an antibody, antibody chain, domain or region thereof). For example,
the phrase “light (or heavy) chain conformation” refers to the tertiary structure of a light

(or heavy) chain variable region, and the phrase “antibody conformation” or “antibody

9



and heavy chain variabl e domains include "conplenentarity determ ning
regions" or "CDRs" interspersed anong "framework regions" or "FRs", as
defined herein. Immunogl obulins or antibodies can exist in nononeric or
polyneric 20 form for exanple, IgMantibodies which exist in pentaneric
formand/or |IgA antibodies which exist in nononeric, dinmeric or nmultineric
form The term"fragnent" refers to a part or portion of an antibody or
anti body chain conprising fewer amno acid residues t han an intact or

compl ete ant thtﬂé/nt 95nf@1%4ti139’d)@fe%p?d e teﬁfa@?g&r&% bf%é‘ 5y f”ed "

chem cal or enzymatic treatnen an in or
ant i body chathsreof5 Fr agrrents can al so be obt ai ned by reconbl nant nmeans.

Exenmpl ary fragnents |n%l ﬁr%‘“ H Etaana’&ngé i a{hEB bc aggﬁ/j geré(hfbﬂtafragnents

The term "anti gen- bi ndi°R J gnent of an

i rmugogl obul appr@nab&rnfmm@dgor tufitégen ot mﬂ&fmﬂ:‘egﬁ@pccalhd pﬁ@fﬁﬁ@h I}eaowrbh%ﬂhﬁﬁlactj f

t t t rrve or
At gen” bt naf Ry ottt B eciablec br DI S R es B RBPHBAN b1 or
to the terti aﬂf'yixtjsbfal¢etaWI®6(lfO7alOf)rleM'ﬂoﬂIO‘OM)“ VAXERItics @rebRr than 16MMVANt | body,

ant i body chain main o n thereof). For exanple, _the phrase "light
(or heavy) cH&fR g’bﬁFﬁF‘n‘éﬁ ﬁ(ﬂﬁréﬁeé?%re?@ftrff@ tvéﬂlter”&}‘?“?fh{a@c‘{flﬁ‘éeéﬂ a | ight

(or heavy) cloghmenet iraBls@ irft@@e®@tb bedtithih bR sBEPedTehe HEchPRUNtiGRRAPE MaL i ON" OF
"anti body 9 f& %%rrﬁnt conformation” refers to the tertiary structure of an
Preis

ant i body or frdingffnatyrean bespndicated @s prangr aeffigiearforsrampisdy0tean t hat
the anti ppdy1@kir ‘bpte&raapm’qsn@'bh@’ @xtcfrt- Bteffefath?to%tlbgw’%n%m g?ﬁ dred

epi t ope and, dDreferabl does not exhi bi ignificant crossreactivity
" Appr eci abl e"dog} NS exibit ﬁ'éalﬁswarqﬁgem&tmes cmer%nt r-rgll Whttappeesiablyfbind tpymof at

| east 106, 1%651%9%en&%e%%anu%esé&l@pé&enﬁ%gdﬂ'&xh $ ﬂ{r%ﬁ&ﬁﬁlctﬁaﬂu

preferably greater than are nore preferre Val ues” 1'nt erne ate of
those set fibrtsRecifieallybings to AP xll pppregiekivibind Afebwivitingt sigréfisotpesact t he

et S R A, B 2 °

range of affirnitres or rexar
1010 M 115 nmleqlps)efﬁemhbydymsclrofolabeewedéepnamwbpwe&btable ndioes not

x5t 9% i EOBSLE B R0u Mhl ASksBR GRREL)
exanpl e, an @wEndinpcamiybe deteahmsqbec:uofdim@ﬂolayiy bitre ghidedMeMs| fbr dpRmath@dlcy bi nd
Al but wil lbm&) Slkrggrablly(zg'petclf% brir?cf?r(t:gt is determined according to Scatchard analysis
and/or competitive binding assays.
20 Binding fragments are produced by recombinant DNA techniques, or by
enzymatic or chemical cleavage of intact immunoglobulins. Binding fragments include
Fab, Fab', F(ab'),, Fabc, Fv, single chains, and single-chain antibodies. Other than
“bispecific” or “bifunctional” immunoglobulins or antibodies, an immunoglobulin or
antibody is understood to have each of its binding sites identical. A “bispecific” or
25  “bifunctional antibody” is an artificial hybrid antibody having two different heavy/light
chain pairs and two different binding sites. Bispecific antibodies can be produced by a
variety of methods including fusion of hybridomas or linking of Fab’ fragments. See,
e.g., Songsivilal & Lachmann, Clin. Exp. Immunol. 79:315-321 (1990); Kostelny et al.,
J. Immunol. 148, 1547-1553 (1992). |
30 The term “humanized immunoglobulin” or “humanized antibody” refers
to an immunoglobulin or antibody that includes at least one humanized immunoglobulin
or antibody chain (i.e., at least one humanized light or heavy chain). The term

“humanized immunoglobulin chain or “humanized antibody chain” (i.e., a “humanized

10



W th non-Af proteins or peptides (e.g., non-Ap proteins or peptides

i ncluded in 15 plaques). An antibody specific for a preferred epitope wll,
for exanple, not significantly crossreact with renote epitopes on the sane
protein or peptide. Specific binding can be determ ned according to any
art-recogni zed neans for determ ning such binding. Preferably, specific

bi nding is determ ned according to Scatchard analysis and/or conpetitive
bi ndi ng assays 20 Bi ndi ng fragnents are produced by reconbi nant DNA

t echni ques, or c. eava »
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antibody that includes at |east one urranl zed I TMmuno or antl body
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vari abl e framework Te substant1 a rom a hunman uI|n or
anti body andntbed enentarity determ ning regi ons (CDRs) (e.g., at 5 | east

one DR, pref erabl y ¢ ya (RS, <0l PRSL A b RGeS -oHBRL a0t 21 |

froma non-human i nmuno ultn &bnst ant
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case of a | 'aﬂhﬁocfyba% seﬂﬂ&c@ | ze 3 ptugj;l abﬁ]g%égrpgha;q%g‘t RS 8br§0 f<he case

of a heavy chai n) t'erm " ‘amani zed
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for conservative substitutions, consensus sequcnbe substitutions, germline substitutions,

20  backmutations, and the like. The introduction of conservative substitutions, consensus
sequence substitutions, germline substitutions, backmutations, and the like, is often
referred to as “optimization” of a humanized antibody or chain. The phrase
“substantially from a non-human immunoglobulin or antibody” or “substantially non-
human” means having an immunoglobulin or antibody sequence at least 80-95%,

25  preferably at least 90-95%, more preferably, 96%, 97%, 98%, or 99% identical to that of
a non-human organism, e.g., a non-human mammal.

Accordingly, all regions or residues of a humanized immunoglobulin or
antibody, or of a humanized immunoglobulin or antibody chain, except possibly the
CDRs, are substantially identical to the corresponding regions or residues of one or more

30  native human immunoglobulin sequences. The term “corresponding region” or
“corresponding residue” refers to a region or residue on a second amino acid or

nucleotide sequence which occupies the same (i.e., equivalent) position as a region or



substantially froma human i mmunogl obulin or antibody and conplenentarity
determ ning regions (CDRs) substantially froma non-human i nmunogl obulin or
anti body. The phrase "substantially froma human i mmunogl obulin or

anti body" or .15 "substantially human" neans that, when aligned to a human
i mmunogl obulin or antibody am no sequence for conparison purposes, the
regi on shares at |east 80-90% preferably at |east 90-95% nore preferably
at |east 95-99% identity (i.e., local sequence identity) with the hunman

framewor k orregeRssPa tirst SHIN8 ARSI HEERide Rbd RUED Whed He AR &ona f O
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possi bly the, gre. substantia i dentical to the corresponding
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sequencel®. Foeh dsynthe pREFERHIBAR bNBES BEITORIngllefaulGRp W) diandatn&si ghie”
refers to aJ%i on or .residue_on. a secogld anmno acid or nucleotide
sequence whi’Cr® SRENSF ienfiepreferably at least 9Qsfoitopsausnes idppiky+and Mos% a regi on or

|1 residue QmeferablyratleaMsiDseqtende Mentity®r B (5. SR €GEnce WAL B eudrky St and
second sequences are optimally aligned for conparison purposés. The term

"si gni fi cant’ °F RAYEFIEPOTRALNE: RIS WS SpBIPpeafts e r§§¢(ﬁ%ﬂéﬁé@§?‘?°evﬂ9eﬂ’i°}l
optimal |y akésgseflencesief caﬁlgmd.t R LA 8 38R RmpREsohRldoritih 6kt Q&? aul t gap

5 weights, share at |east 50-60% sequence identity, preferably at |east
60- 70% SequeFHEENFLREALTICES arpHpat igtas eampiiter, subsqauerae cPOrdBRYEs seeqissignated,

identity, nmfcpds@lyimiteyucite dIBathm3RogrAAPat MRS bt de§ YShled TOME s%{u%ﬁ@er abl y
at | east 90-c95% i.denti t.%/, and even nore preferably at | east 95% sequence
i dentity or CRBPEYB agonthgyties ezjtnirfesthe pementspausncergdeatity fores tesr m
sequence(s) relative to the reference sequence, based on the designated program
parameters. ' _
20 Optimal alignment of sequences for comparison can be conducted, e.g.,
by the local homology algorithm of Smith & Waterman, Adv. Appl. Math. 2:482 (1981),
by the homology alignment algorithm of Needleman & Wunsch, J. Mol. Biol. 48:443
(1970), by the search for similarity method of Pearson & Lipman, Proc. Nat'l. Acad. Sci.
USA 85:2444 (1988), by computerized implementations of these algorithms (GAP,
25 BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software Package,
Genetics Computer Group, 575 Science Dr., Madison, WI), or by visual inspection (see
generally Ausubel et al., Current Protocols in Molecular Biology). One example of
algorithm that is suitable for dFtemlining percent sequence identity and sequence
similarity is the BLAST algorithm, which is described in Altschul et al., J. Mol. Biol.
30 215:403 (1990). Software for performing BLAST analyses is publicly available through
the National Center for Biotechnology Information (publicly accessible through the
National Institutes of Health NCBI internet server). Typically, default program

parameters can be used to perform the sequence comparison, although customized
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"substantial identity" neans that two pol ypepti de sequences, when optinmally
al i gned, 10 such as by the prograns GAP or BESTFIT using default gap

wei ghts, share at |east 80- 90% sequence identity, preferably at |east

90- 95% sequence identity, and nore preferably at |east 95% sequence
identity or nore (e.g., 99% sequence identity or nore). For sequence
conparison, typically one sequence acts as a reference sequence, to which
test sequences are conpared. \Wen using a sequence conparison algorithm
test and 15 reference éﬁguenCﬁs are input into a conEuter subsequence

coor di nat es BFFENUESCHhaERRE uses ﬂ’e"é’é‘ggé?’gl sequapces it BHAS TR PRI Hifs BF ogr am

paraneters adefal8aiveidlessih (W')%f§%%§6é‘&atnoﬁ@l§?@ﬂ'0’3% ik BROSUMB2 368ng
cal cul ates the percent sequence identity for the test sequence(s) reI ative

to the refer@AEE (teediraiel & Fesdeflofrach ’6@§Pén&téé§f‘p$%bq9é 1988aneters. 20

Optinal alignment of %&eﬁegﬁﬁesfd%p&%mgwmmrgﬁ&@@u@%@ff&wd e.g., by
t he | ocal honol ogy, al gorlthm of Smth & Wat erman Mat h. 2:482

(1981), by ¢omeeriivelaméne asid gbpstitHtions) gor purbeses pf mdweaamn& aglasch, J. Mol .
Bi ol . 48: 443 , eas P on &

Li pman, Pr ocSUbgtilngt @S : Péfélengm% &t cofng%w%h,? H%Bé%‘f%te%p O%B%ﬁstfgﬁclgied

i mpl enent at i @reyp dfhydrpbebialsiglechairtsirslep,ane, a125/aBE®THb ;IGroEABTAeutmahd TFASTA i n
e W Scons| A ERRRld o RRLS S ERGlRERp HEPITHLER CRIRY' S RIS o
eL al ., Curr@ndic $dotioas):sasnngivblisdys, arg; Brcnipdg@asxd@sgnfhmaﬂpg ehagf al gorithm
that is it etermn ent_..se ce.ide seguence
siml arl |§rpe{lﬁat'B@L§%‘r PRI §OF ﬁ]‘%’rﬁ%{ AU & 558%' T)bté%r%?" % t °6‘Fﬁ§Ya BE al .,
J. Mol. B| oIsubsmutﬂ:hs1rA/®B/e(sﬂxBélm)nonSbétwaaranﬁaoracxperrfthé sanfeclBE ASdn-anal yses i s
publicly avajl abl

Center for_Biotechnalo
| nf or mat i on C(OpUQDTYa%V Ubgg‘glgggﬁ %qnétlﬁ{? B glf’ﬁé‘m fer ghge qfﬁéet‘? ?‘Eﬂsg%fobf Heal t h
NCBI mternehemm‘oém)othéfypl cally, default program paraneters can be used
to performthe sequenge i son, .althou ust om e% 2 paranmeters can
al so be used. For ani E’BEfggFgaé%Qé@mUp@%ﬁy&g?%@B F%‘?H’@%@Ege%yl
def aul t sisa varadfi€inghit i w)thmfa Bctonsr tﬁbéB?’?ﬁr@-bi five &fﬁhat@f u&Qonasadndulfgen&L GSUMB2
scoring matyi 0 Proc.
89: 10915 (1 REFuEepY f‘g’f fexgmpRnir i oo Sttt RS hot A a
differ by 5 afan mr‘ympmmearmﬁaommlsubﬁﬁ bihting @QfEnityFodrat lRast BaseS MY 4 x
classifying ﬁ)wporal%b gf]. When describing the binding properties of an immunoglobulin or

antibody chain, the chain can be described based on its ability to “direct antigen (e.g.,

20  AP)binding”. A chain is said to “direct antigen binding” when it confers upon an intact
immunoglobulin or antibody (or antigen binding fragment thereof) a specific binding
property or binding affinity. A mutation (e.g., a backmutation) is said to substantially
affect the ability of a heavy or light chain to direct antigen binding if it affects (e.g.,
decreases) the binding affinity of an intact immunoglobulin or antibody (or antigen

25  binding fragment thereof) comprising said chain by at least an order of magnitude
compared to that of the antibody (or antigen binding fragment thereof) comprising an
equivalent chain lacking said mutation. A mutation “does not substantially affect (e.g.,
decrease) the ability of a chain to direct antigen binding” if it affects (e.g., decreases) the
binding affinity of an intact immunoglobulin or antibody (or antigen binding fragment

30  thereof) comprising said chain by only a factor of two, three, or four of that of the
antibody (or antigen binding fragment thereof) comprising an equivalent chain lacking

said mutation.
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substitutions as conservative or nonconservative, am no acids are grouped
as follows: Goup | (hydrophobic sidechains): leu, nmet, ala, val, |eu,
ile; Goup Il (neutral hydrophilic side chains): cys, ser, thr; Goup Il
(acidic side chains): asp, glu; Goup IV (basic side chains): asn, gln,
his, lys, arg; Goup V (residues influencing chain 10 orientation): gly,
pro; and Group VI (aromatic side chains): trp, tyr, phe. Conservative
substitutions involve substitutions between amno acids in the sane cl ass.
Non- conservative substitutions constitute exchanging a nenber of one of
these classes for a n@h"d RhimeTi IREUnoglobeli’ s lytibory REers jean

i nmunogl obul inauRdgicbitih BP&HBEAPHAEkeaRLALIE R pnt BerivETrdia Blst LRy afdrat 1S
within a factor of three, four, or five of that of the correspondi ng non-
hunani zed anVPPERPNSIEY regaons dptive from aispeond spariaya Mhiresticammiupeglgbulias om bi ndi ng
affinity of adf38ai can duusRithueRd, BPLLRGH £ Welid NAVE:2, B Rdi g af finity of
at least 3 x 109 M?La:n_4 X 101'% M oar '10§$ﬁ%{14 #znﬁg%@é??ﬁ]bi ng t he bindi ng
properties ofmmawndeibuhnoginstsegmentobelonging todifferetapatiest fbe ©has thucanizbe

descri bed baggd ibhBrealich i b Yoid & andli t Lge .g.. 20 A(.3) .binding".
A chain is sal dm?%ldpgﬁrrlg?t Héﬁ]n%{rln%%nan Fé\‘f}f‘rzfﬁe‘%\&\ﬁgﬂ%ﬁ %c%ﬁ?%?ags %H%f”‘én i ntact

i mmunogl obul immysroghobulikrouentitmdicadsi dgénedoinfrdi Agthbughdmemntizédher eof ) a specific

bi ndi ng pro%ﬁély fuldl cgi ffinity. A.utatio .g,., a backnutation) is

said to substan |°§?%I v M; fe;ci %O%feﬁ'é“ “a q’f’?‘??%“%coﬂg °'gff"el’f:@’ﬁl’“s€ﬁ55‘ﬂnst 0

di rect anti giemimarelihag oné spetieadf protein),(tkeygincludelghiimaefeituiel @ hivadinlg

affinity,of an inptact.i no Ful i.n or anti bod%aééor ant j gen 25 bi ndi ng

16 Ol
fragment t he'% or ?cocm rﬁl)sfrfmaéﬂagélg desé%ﬁf Fimgifc‘éﬁmrl etwoé]ﬁ’eﬁ’idg%s? nef forndyii t ude
conpar ed t o dhiatrioinmiregbbtiilseddnftadieadsidgtnedtierdh.ng fragnent thereof)
conprising an equivalent chain | acking said nutation. A nutation "does not
t

substantial ly affect (& JoUENGEIEHYE) E8hé PIHFPAGEPUBINLY APsPtde) & Whickct

anti gen bi ncinnmtibody specifitdligbsis( e. 9., decreases) the binding affinity of

an intact imunogl obulgihn or anti bgd*‘ qr antigen binding fragment 30

thereof) conprising sai'd'€RafRiBy 8hiAFUEEHEIGMIRNUITRETS 1P AsERON & four of

that of tshe ansigéd Baehic &1 inAiinbg0Bull GtdintiBody' (BL4RIREN Bih%ﬁ%b&ﬁ%&oﬁj ng an
equi val ent cshgé’iﬁca{“ag)kldgg ai d %ailpl on 3_The term "chjneri.c

i munogl obul PR™I& Y ant bgaéwreé%‘r gredboth AT £oRIENIUS FRIng ACidnes body whose

vari abl e regionosntigesis\nifid aidsguttbpditd BPRAILS foldifg oMRBRIE FpHbAGfoS ONS

derive fromtzri second species.  Chineri ¢ i munogl obul ins or
om contiguous amino acids are typically retained on exposure to denaturing solvents,
whereas epitopes formed by tertiary folding are typically lost on treatment with
20  denaturing solvents. An epitope typically includes at least 3, 4, 5, 6, 7,8,9,10,11, 12,

13, 14 or 15 amino acids in a unique spatial conformation. Methods of determining
spatial conformation 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, G. E. Morris, Ed. (1996).

25 Antibodies that recognize the same epitope can be identified in a simple
immunoassay showing the ability of one antibody to block the binding of another
antibody to a target antigen, i.e., a competitive binding assay. Competitive binding is
determined in an assay in which the immunoglobulin under test inhibits specific binding
of a reference antibody to a common antigen, such as Ap. Numerous types of

30  competitive binding assays are known, for example: solid phase direct or indirect
radioimmunoassay (RIA), solid phase direct or indirect enzyme immunoassay (EIA),
sandwich competition assay (see Stahli et al., Methods in Enzymology 9:242 (1983));

solid phase direct biotin-avidin EIA (see Kirkland et al., J. Immunol. 137:3614 (1986));
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anti bodi es can be constructed, for exanple by genetic engineering, fromb5
i mmunogl obul i n gene segnents belonging to different species. The terns
"humani zed i mMunogl obul i n" or "hunmani zed anti body"” are not intended to
enconpass chineric inmmunogl obulins or antibodies, as defined infra.

Al t hough humani zed i nmunogl obulins or antibodies are chineric in their
construction (i.e., conprise regions fromnore than one species of
protein), they include additional features (i.e., variable 10 regions

chier o BB R e b rab Bretrnen Ehases Hatoyen 1 5"
an entity (eam Lare, pertitoelien a@idabsraesy Mayusly CORISprAE Hattdr Bhise 93@?1"5393 :c bodyt
rerers to

speci fically_binds, e rm." epi e" or_"antigenic determnan
a site on anp}i%egﬁf‘it}g’ﬁl}%“g‘\b\ﬂ?ﬁ:ﬁi%{;ﬁﬁieﬂr\(ﬁﬁﬁéﬁqr@tﬁﬁwrﬁ’@r1"%’('10168@9){70r anti gen
bi nding frag(re8s))t doe phise dirserandulrkbdfid ELO(CKking ERLIL 9B8Ref 6.8 (06GRd both
from contj guous,.am o a ids or noncontiguous am no acl ds | uxtapos by

o H1 7} lae!

tertiary Blai(Moldephaughe ¢/.f Spandd). ImmumlcBnl1 §A¥VE anmi no aci ds

are typical | yypiedlpi, SRH a8Rs¥ RRBWEeEtht AsIGHRLHES Bt sof! )
epi topes for rr}\gf:l1 b?/ﬁ_ t er.tigéyyf ol dientgpa?e ty%ﬁgg%ﬁﬁgéﬁ{%@ ats?l\g;%%g‘?ow th 20

denat uri ng seAlls &g cathergfithespantuplsbeled test immunggiobulint arldexigheled reférenbe 6, 7,

8, 9, 10, 11 inl ] . i Lque snpati al
conformati o n’tmxf\k/gx%oﬁ(l)oc@h%f é?i@? g?‘ ﬁie %?Hﬁﬁ{?m@% %‘F%%?ﬁ%@é&'?g ﬁlegpogbti Yopes
i ncl ude, forlabslhepndto the palid syrfyestanicéllsgn thstpyesandt of thedestemsiuosgdbulinc| ear

magneti cy4 es I; PRI oL0cols in t hods in
Mol ecul alrd Bi gf‘%gg?’fev'gﬁ. GE, Q%Ob@.gl r%lnl;/ita e%%i&g'( %‘&gly{w S HAATPHEE es t hat
recogni ze t hantibadpisepisenign excess, Bevill ddbitit $pecific bindingsifaptferentcamnibohsway
showi ng the gpili kR 03 06K Lohe. bi ndi f anot her
antibody to %b’%%é%é%t%%%tg ?gtel%,m ?6)39% %y%ég’k%p@t(?i?vsé%@/ﬁzgﬁa‘%ﬁ TiNe-
Conpetitive binding i sAn ¢atoge isialsodedogniacd asisayuriolbogihitells, foheainpT Baghiobul i n

et SR B oot BB S
known, fbf . eeatnpéasuresiotigah-qrpasientlirolifetation, as Beteimtiatd by Bimgimameoassay (Rl A),
ool 1, Phase gyl o LRELSFUENT, RETNRPRSRA (s SN 100y
sol i d phase kilngd¢ytitoniciTnlyaphatiyte ds$af).(see Kirkland et al., J. | mmunol.
137:3614 (1986)); 14 Exemplary epitopes or antigenic determinants can be found within the
human amyloid precursor protein (APP), but are preferably found within the AB peptide

20 of APP. Multiple isoforms of APP exist, for example APP*® APP”*! and APP™"°.
Amino acids within APP are assigned numbers according to the sequence of the APP”"°
isoform (see e.g., GenBank Accession No. P05067). AP (also referred to herein as beta
amyloid peptide and A-beta) peptide is an approximately 4-kDa internal fragment of 39-
43 amino acids of APP (AB39, AB40, AB41, AB42 and AB43). AP40, for example,

25  consists of residues 672-71 1 of APP and AP42 consists of residues 673-713 of APP. As
a result of proteolytic processing of APP by different secretase enzymes iv vivo or in
situ, AB is found in both 2 “short form™, 40 amino acids in length, and a “long form”,
ranging from 42-43 amino acids in length. Preferred epitopes or antigenic determinants,
as described herein, are located within the N-terminus of the AP peptide and include

30  residues within amino acids 1-10 of AB, preferably from residues 1-3, 1-4, 1-5, 1-6, 1-7

or 3-7 of AB42. Additional referred epitopes or antigenic determinants include residues

2-4,5,6,7 or 8 of AP, residues 3-5,6, 7, 8 or 9 of AP, or residues 4-7, 8, 9 or 10 of
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solid phase direct |abel ed assay, solid phase direct |abeled sandw ch assay
(see Harlow and Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor
Press (1988)); solid phase direct |abel R A using I-125| abel (see Mrel et
al., Ml. Imunol. 25(1):7 (1988)); solid phase direct biotin-avidin El A
(Cheung et al., Virology 176:546 (1990)); 5 and direct |abeled R A

(Mol denhauer et a!., Scand. J. Imrunol. 32:77 (1990)). Typically, such an
assay involves the use of purified antigen bound to a solid surface or
cells bearing ejither of these, an unl|abel ed test i mmnogl obulin and a

| abel ed ref e%@ﬂ Whepan aithod) isispid.to bake an enitppe withimipesibed fesidnesasghasl by

det erm ni ng I‘\Eej “ARHAR s ni¥fant ik %Eme?ﬁmﬁtsﬁs&ﬂﬁlg%ldﬁ c;?%éctl%mgco%ﬁl%s in the

presence of the t'est | munoglo urinis
present in eteepwifiddguadiey (i a/\/nﬂe[m-a ig thipat ¢mg1pleant9ubh>ahyant$ow éseR bt | N

excess, it wll inhibit seC|f di of a reference antibody to a
comon ant i gBfFHY" tcopté%f C’Q’Ge ng 2‘% 71600 Y 9198l AR r  nor e.

An epitope | subdfiefod &Q&%bﬁ%ﬁmbﬁ/mw%e%& s?@ ﬂit.scmtl;/ Qff c@ﬁ Hﬂ Seadyce! | s
and/or T cells. Cellular recognition of an épitope can rm ned by in

vitro assays 15 that Thederoy ‘amyinidegsnicdiésseset enviudes ahy dxmaast asmt,nataiswnh

det er m ned bgfeté'ﬁswﬁ{g‘rtﬂif& EB%%BQ;%@ toBbr i d1uf aﬁ‘&l}%g( t'o by

anti body sec I on I gen-dependen
| ynphocyt e agsmlyﬁdOg@t@dtpdaaﬂsyn@qzﬂet bgese mot lianited gcesyst;:ndeareylmdnam,t s can be

found within n i recursor, pr.otejn. (APP, but ar referably
f ound Wi t hi nAw}glmﬁggggfﬁs?’g:gétg%%noﬁt%}fgﬁ S’l&ﬁﬁ?‘i‘sﬁf]é%ilsgﬁsfeo%q"r%u"éoniﬁﬁse%ﬁ 'st, for
exanpl e NDPcﬁsntAlﬁPﬁ@lalainmemWtheAﬁbmlaed dansmiidstblespdREfame assi gned
nunbers acco th u the ,APP770. .isof or see e, GenBank
Accessi on Noé %5‘8%5)6’3}1 ﬁff gﬁ‘&grwtz At Jg&o eﬁ%’*‘r'&hﬁmégsﬂgtélrap’érﬁ)f’g‘isglbepti de
and A-bet a) sp'epn amﬂe:anb aspwpﬁy)ximﬁhehyan@lﬁ@agmmcﬁfdaﬁs afddi:gﬁamr of 39- 43
am no acids 9 ARA 41 042 and AP43) 340 exarrpl e,
25 consists O a'rb\g:glz‘%ﬁéy Yoaide ’tlgfpoixpﬁbtéﬁocom@enwﬁéeépg diqusggq?

673-713 of ABRmpASin @bfeasufpatnﬁrsmmhgwlweuﬁerwm@@sB%y&fldQBFéubcegdl ffer ent
secretase en2§émes iv vivo or in_ situ, A(3.is found in bot "short fornt,

40 ani no'caci WHIEXRe) ARGRhOT BGE BraghdPif gratein) is phechrmeterzpapdzrepsdanm no

acids in |er@ﬁﬁbon&ft%‘}‘ﬁferaﬁg'lcﬁ@ﬂéﬁéﬁ’i@sAgéorﬁH Iy 98BhEmdet Qirségsgﬁ%%xam e of a
descri bed herein, are located with termnus of the AR pe ti'de and

i ncl ude 30 rddsearsebamartened bar#mxtaef dﬁ” 9.1al@lmsemﬁsocmt@f\@ﬂaiﬂpymfsmm&’ esi dues -
1-3, 1-4, 1- é%F mtﬁe erAm of a%Plag tor ggneA( %ter’ﬁ‘%d"[}t I O 01d pro%xg’r r“ﬁdarn%'?c;nti()pes or

antigeni c det nants 1 nc
peptide”, “B-amyloid”, “AB” and “Ap peptide” are used interchangeably herein.

20 An “immunogenic agent” or “immunogen” is capable of inducing an
immunological response against itself on administration to a mammal, optionally in
conjunction with an adjuvant.

The term “treatment” as used herein, is defined as the application or
administration of a therapeutic agent to a patient, or application or administration of a

25  therapeutic agent to an isolated tissue or cell line from a pétient, who has a disease, a
symptom of disease or a predisposition toward a disease, With the purpose to cure, heal,
alleviate, relieve, alter, remedy, ameliorate, improve or affect the disease, the symptoms
of disease or the predisposition toward disease.

The term “effective dose” or “effective dosage” is defined as an amount

30  sufficient to achieve or at least partially achieve the desired effect. The term
“therapeutically effective dose” is defined as an amount sufficient to cure or at least

partially arrest the disease and its complications in a patient already suffering from the
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2-4, 5, 6, 7 or 8 of AD, residues 3-5, 6, 7, 8 or 9 of A(3, or residues
4-7, 8, 9 or 10 of 15 A042. When an antibody is said to bind to an epitope
wi thin specified residues, such as AR 3-7, what is neant is that the

anti body specifically binds to a polypeptide containing the specified
residues (i.e., AR 3-7 in this an exanple). Such an anti body does not.
necessarily contact every residue within A(3 3-7. Nor does every single
amno acid 5 substitution or deletion with in AR 3-7 necessarily

significantly_affect binding atfinity. . The term "anyl oi dogeni ¢ di sease"

i ncl udes any%ﬁﬁlagee o'é"sf%f)tlé'cgitv%gm\}\?l? H% il dependHpan Hip)seysry ?g‘gﬁﬁﬁ?cé‘ﬁnor
deposi tion adnditiesgdneal etaRof ki ftitdt BlownSmntonseIpdtany anyl oi dogeni ¢ di seases
i ncl ude, but are not I,li mted tqQ systemic anyloidosis, Alzheinmer's disease,
mature onset di abet es, | Ne3FRY reBFntsingiudestuumaniand ofhggymammaligh tubiests thato

f ront o- t enpaeadivel@ienprophyl i ok RRrapEMRNrdagh@fed transmni ssibl e spongiform
encephal opat hies (kuru and Creut zfel dt-Jacob di sease in hunmans and scrapie

and BSE i’n sheep and “Sakubled or fdisspeinted /AP yyfersp horepganesating piodishagregited

di seases are I . Qf [ ze he ture of th ypepti de
conponent ofA ﬁé@ﬂ rd ?1‘E°‘§§§%?‘%ﬁ‘g’ég&%%%‘m%isa%%r%,°%ig§m§% Toé%%tl‘gggr patients
havi ng Al zheiotweptidediezeaskblePAfmatiens, tinrgta@d the(lked . “Insbhubld”’l AB te¥peto vari ant,
or truncated P-anyloid protein) is the characterizing pol ypeptide

conmponent of28EK&AHBAR PolyRERSids; for cxapplss APrhsid toesther pyingasovalen boads eABs an
exanpl e of g, UpAOPRDHORNAS L i AR i ' el

associ at ed \elt\,ief‘f’ h c!%pgsi te g of %A(%&%géééétgga,sg?ﬁﬂtﬁhg&ﬁgg?%sfe Réf @&6?"8@?‘?"??

pat i ent .10Theesidyayat the C-tnpings df the pepside (part'(fSheatmarismemibrape gemaie'bf APP).
(3-anyl oi d",q, “edDd, Al peptide’ .ar.e ed interchangeahly .hergin. 20 An
" munogeni csoé@g%f“ﬁ%ggbﬁ fél%ﬁ"ogéonme%“go%%% I“gc’ 58& ?ﬁﬁﬁ?fﬁﬁ‘"%"‘?ﬁ?@ﬂol ogi cal
response agakerusi. Altesrtatibel9 sohrbid AP sir 1t prepurédibyadite v lyostilizedpaptidé ihn
conjunction w t%h adljE uvant. The term"treatnent" as used herein, is
defined as t& WiR Fgpcagpn. E‘Eﬁﬁe?ﬂl'é'igrsgﬂ‘ftﬁﬁ ipfengifpsrd(ggeat 140098 @nt to a

patient, or 4891010ﬁﬂ{d&?‘t&%m@d@iﬂviﬁﬂmémmﬂat@s. 25 therapeutic agent to an
isolated tissue or cell line.froma patient, who has a disease, a synptom

of disedSe or a predi PO GHeteHRDIOY” Frfere san aciivinthehissideripded s o cure,

heal , al | ee@b@of 4rfdntiB¥@y (cd). 1ANgG LRIHBYAY) ardiTREILEYs Hof exdniPl, B¥eCabfllty Bf fhECt t he
di sease, the S'é) tonsdcﬁcngf tgl sease or the predisposition toward di sease. The
U (14

term "ef f ectzPyRedyde bin F melecnlgesugh angrmpleracr and/prelir tesepigrs.avfeihean

control several immune functions of the antibody such as effector cell activity, lysis,
complement-mediated activity, antibody clearance, and antibody half-life.

20 The term “effector molecule” refers to a molecule that is capable of
binding to the Fc region of an antibody (e.g., an IgG antibody) including, but not limited
to, a complement protein or a Fc receptor.

The term “effector cell” refers to a cell capable of binding to the Fc
portion of an antibody (e.g., an IgG antibody) typically via an Fc receptor expressed oh

25  the surface of the effector cell including, but not limited to, lymphocytes, e.g., antigen
presenting cells and T cells.

The term “Fc region” refers to a C-terminal region of an IgG antibody, in
particular, the C-terminal region of the heavy chain(s) of said IgG antibody. Although
the boundaries of the Fc region of an IgG heavy chain can vary slightly, a Fc region is

30  typically defined as spanning from about amino acid residue Cys226 to the carboxyl-

terminus of an IGg heavy chain(s).
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30 sufficient to achieve or at least partially achieve the desired effect.
The term "therapeutically effective dose" is defined as an anount
sufficient to cure or at least partially arrest the disease and its
conplications in a patient already suffering fromthe 16 di sease. Anobunts
effective for this use will depend upon the severity of the infection and
the general state of the patient's own i mMmune system The term "patient”

i ncl udes human and ot her nmanmal i an subj ect S that recei ve either

prophyl actic or therapeutic tlﬂﬁ at ne ol upl e” c?.sg?_ci@t ed” AR
refers to non-aggregatififBr %‘5}85% ayplesppt BY‘%%??? efinfd PUYIE ng
nononeri ¢ solustelingsf thekdsidass @, £.gQBRIdChéa0) Yidi® afBod Qélh@ﬁi@tﬂlﬂﬁdé)@aﬂm

sol ubl e A(S'glmrs érlmers and t he i ke). "lnsolub AR refers to

aggr egat i ng R2heIafesrucaRss of BYO“'éRSa‘?fﬂF‘é““"A’(Oglcﬂ'eII"&F“tsbéé‘t K¢ Public Herltoval ent
bonds. A(3 devitk, :Naﬁén@ﬁ@ﬁsnhﬁcst&ﬁ’lfle%m?%eft&s@g'foegf@‘?&, Hprds&id Hcotgorfted t, due
to the presence of hydr ophobi ¢ 10 resi dues at the term nhus of the pept| de
(part of % hehersimpy FaferBacgne donmi n of APP).  Sol uble AR can be found in vivo
in biological fluids S eRrah »

Al ternatively, sol ubl Z%%%I@arﬁg%é °g§ﬁrg Ieké(# g)s%g%p%r t??f%‘p’ﬂgﬁ %‘85 pepti de
in neat Dl\/Bezlmlpﬁafsmbm|prlca’rﬁerqce§@nswlmgh Bmﬂmmﬁcwmoo@tﬁtam pritihgdy (e. g.
at 14, 000x ; {.e |ns bl a 15 The
term"effect O.rg.,ég%%(%?rggﬂpﬁ e é?‘ld ;B 8(%%98;&&@& egﬁ r‘gfstlg%l & cty%g’ Fc

regi on of arndFcyRidyib{lesses, ;noammgyﬁeaﬂt'zlrbﬁd)é))dan&nhtﬁ@l}lﬂ#ﬁ&d foans exB&R! e,

the abiljty of the antlbod%rto bi nd effector | ecul es such as conpl enent
5 Revegy grr

and/ or PO r dEERIBT FC TRPRPEYSS Rgeviesa 1p Staveteh apditnebdnae BaynErmenal 94671 he
anti body suadjz (4199 19f CgRt alul CBhhushdthdds ¥:25L 34511 $94); SRAMRIFIERL /B8t ed
activity, aeé g/?e%/i cl earance and anti body half-life. 20 The term"effector
nol ecul e" L 0 @MC@P%S that is capable of binding to the Fc region
of an antibody (e.g., an 1gG antibody) including, but not limted to, a
conpl enent protein or_a Fc receptor The term"effector cell" refers to a
cell capabl e of bindi ] ‘ : 808Nt i body (e.g., an 1gG
ant i bodyy)s typically vmamanoxggcsl%e%qpe&w&m@c&fm m\?eiut)neorﬁmsfe%@e Of the
effector cell including, but not limted to, hocytes, e.g., anti
presenting coPyig °;§Hamtrn<z£épq%ranqrh%dle%%ﬁummonaleguaa senrbemcbvssfrmn@tsehsreqa nal

regi on of anslefseddMetet Ihe Habic antibody structural unit is known to comprise a tetramer of

subunits. Each tetramer is composed of two identical pairs of polypeptide chains, each

pair having one “light” (about 25 kDa) and one “heavy” chain (about 50-70 kDa). The

20  amino-terminal portion of each chain includes a variable region of about 100 to 110 or
more amino acids primarily responsible for antigen recognition. The carboxy-terminal
portion of each chain defines a constant region primarily responsible for effector
function.

'Light chains are classified as either kappa or lambda and are about 230

25  residuesin length. Heavy chains are classified as gamma (y), mu (), alpha (o), delta
(9), or epsilon (g), are about 450-600 residues in length, and define the antibody’s
isotype as IgG, IgM, IgA, IgD and IgE, respectively. Both heavy and light chains are

- folded into domains. The term “‘domain” refers to a globular region of a protein, for
example, an immunoglobulin or antibody. Immunoglobulin or antibody domains

30  include, for example, 3 or four peptide loops stabilized by B-pleated sheet and an

interchain disulfide bond. Intact light chains have, for example, two domains (V and
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particular, the Ctermnal region of the heavy chain(s) of said IgG

anti body. Al though the boundaries of the Fe region of an |1gG heavy chain
can vary slightly, a Fc region is 30 typically defined as spanning from
about am no acid residue Cys226 to the carboxyl- term nus of an | Gy heavy
chain(s). 17 The term "Kabat nunbering" unl ess otherw se stated, is defined
as the nunbering of the residues in, e.g., an I1gG heavy chain anti body
using the EU index as in Kabat el al. (Sequences of Proteins of

| mmunol ogi cal. | nt.eres 5th Ed, Pu alth er vi tional Institutes
of Heal th, tf%f’é‘gd‘é‘“ k}ﬁav-‘/(%@iﬁ“ g’ aé‘?%?? f°‘i‘fr?é§?’58?fa%' ﬁ%\@* el e Byd
reference. T3 erm "Fc receptor” or " FcR' refers to a receptor that bi nds

to the Fc region of an, antjbody. Typical Fc receptors which bind to an Fc
region of an antibody W{tBindightard begty %KlﬁtnﬁHheysnabl@@maenst%fegmneamt limted

to, receptor il blyReTFeyBh of EEdURI2 br maRGniify Ridd wﬁHlﬁfél l@ﬁw&axd 4164 udi ng

allelic variants and alternatively spliced forms of these 10 receptors. Fc
recept or & ar Bejudipg@nY] regiomal abort Oanere rming acidsn flee grearally, divadarhereal 457- 92

99 Ca m n T e I
(L;b 1)CI in. pe} i O@Aéy:’ggo 41?::8%%19&8}{?%%%%0#%3?@? and7$ﬁ §t ?toty,a

Reagents 15 ’{efﬂ*fﬂﬁélﬂbgﬁwﬂa allmerpaﬁfehu c reagents of the |nvent| on

conprise or consist Ol*he'vﬁH&H?é)ﬁgB?isf?f C?@E %@?‘%%al r%ﬁﬁ h}%?ﬂd‘a‘if{ anti gen

bi ndi ng fragnents ther eof I ne asi ¢ an
structural ulwmlmg sitéc i, atnonfeciraphbosief has tvevtbxadmg sites. Esc;dpum bifincimahort et r aner

is conpo dsC ptld ins, e alr havi ng
one "light" ?éﬁ.@%% Eg&ﬁ)a) f’il‘grtlvpdg %‘ﬁg’“gﬁ‘éa\/ gﬁ%ﬁl%ej(- X allnsgg %Q'ﬁ AMFhe 20
am no- t er ni ngenegbstiicome of rebtivdly conaemed frerhu\dmsk regiviar (FRP) oinadéyitnee of about
rlggo;gl t1 |1 gnoﬂ)?ﬁlg}aﬁgorlggé%ﬁf ?rfsr?‘l%%lz]a 0 3retm%lﬁmg)?8ecelg%h%8§é%g§&ﬁ§fn ﬁ?%gna const ant
regi on pri rrBNatlnyally@spmﬁsg' tjiamsfoorecerhbmemtmprodmttthm cahibglekpredsad withar e
classified | [ e about 230 25 residues in

| engt h. Hea\a/1§a°% %’fl ugncﬁrvg‘p ?’I'ﬁgeéanvggguré&g cﬁg%ﬁpr(’%ssmﬁﬂ’ Rrpe “%Iaﬂﬂﬁuffﬁ?‘“del ta
(S), or EpsiMotreg chpins atrealsdive ecoHifinGile) pf'(ﬁﬁxbdﬂ&ﬁ'mgrh doﬁﬂ@hﬂally%’tduﬂﬁxfgi ne the

22&' Ib OSK i S c hg?gér%; ¥e§ﬁer%§, tloggampgeMo engxancc S c[?et?ondor aﬂef thé gr% gsgltnlg\c/)?a %artllg’gl% h heavy

chain of interest.
The CDRs of the two mature chains of each pair are aligned by the
framework regions, enabling binding to a specific epitope. From N-terminal to C-

20  terminal, both light and heavy chains comprise the domains FR1, CDR1, FR2, CDR2,
FR3, CDR3 and FR4. “FR4” also is referred to in the art as the D/J region of the
variable heavy chain and the J region of the variable light chain. The assignment of
amino acids to each domain is in accordance with the definitions of Kabat, Sequences of
Proteins of Imnmunological Interest (National Institutes of Health, Bethesda, MD, 1987

25 and 1991). An alternative structural definition has been proposed by Chothia et al., J.
Mol. Biol. 196:901 (1987); Nature 342:878 (1989); and J. Mol. Biol. 186:651 (1989)
(hereinafter collectively referred to as “Chothia ef al.” and incorporated by reference in

their entirety for all purposes),

30 A. AD Antibodies

Therapeutic agents of the invention include antibodies that specifically
bind to AP or to other components of the amyloid plaque. Preferred antibodies are

monoclonal antibodies. Some such antibodies bind specifically to the aggregated form
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fol ded into domeins. The term "domain” refers to a globular region of a
protein, for exanple, an inmmnoglobulin or antibody. Inmunoglobulin or
anti body domains 30 include, for exanple, 3 or four peptide |oops
stabilized by Qpleated sheet and an interchain disulfide bond. Intact
| i ght chains have, for exanple, two domains (VL and 18 CL) and i ntact
heavy chains have, for exanple, four or five domains (VH CHl, CH2, and
CH3). Wthin Iight and heavy chains, the variable and constanthreﬁlons are
oined by a " re of. about OL _nore am no ac wi.th the heavy
J(:hal n al so 5° %J AR M u‘ﬂng’ ndingyo ‘Eeeﬁ’ijr‘g}ﬁ at8e brg Sﬁfﬁ*%“iﬁh@lﬁ”é%ﬁ“ﬁ@ fomsee
general |y, ertd@nbmdmg to kHB"ﬂg@Fékg%&'fc(tﬂalemeWnd 8 Both 22 g8dd aRANRMHIET €SS,

N. Y. (1989), incorporated by reference in its entirety for all

pur poges) TF?ém ;F%ttﬂdées Pa% iBkerapeudaepthpdsgheferabhivhave paitiach eenstanbiegionhe
antibody  bi gditMstsuttRiend Bfihe c@ibanNiedfoh t@ﬂﬁérbcg%h%%trﬁap{&n {3 al tes.
Except in_bifunctional or 10 bispecific anti I es e di ng sites
are t he saneantippdiecagihose aﬁﬁlcafe&tmathtmmlh@gsEmme@etnéphdgosyrom:om&nrof

relatively c ns. .GER) jio b rvari abl e
r egi ons, )altl s@Q@E gmé%%pgﬁ'\ﬁgne%@ al‘;i%feq %éltbgr%ﬁs h‘ég?vé&gg‘ﬁgesg?ffébﬁgf

Nat ural | y- ocmunzmnmgywh&mrnbe B:rRIrre@ptdobnamgoyytp:r@dsl(c‘fegi dih&hxﬂ&esﬁﬂﬂt be
expressed w | eader. en ve uri ce

pr gcesm ng t’r(t)1 Crg%héé%seorén ‘it Ceﬁﬁal Hmaiég(i}a GPECRRET RSO Igégbéhe
recomnbi nant | }pttgrrthndwohsblhmrmgn@mmdfawya{ ixymelc(elgr fmdige) rh&f@(iﬂj’f setquen?:e

f .enhange se ion or alter roc ssing of a particular
cﬁgu ﬁxgrﬂ} nt@%%’fner ¥h ‘SEﬁié %tb eP%W%f’%“?? a‘i“ Iy oreAaR obther are

al i gned by tégibody leEepeificitydgi ABSand @tAdthdr Te éalmdbéeatotromféﬁa%ﬂ‘.ﬁ&ne%pl t ope.
FromN-termnal to C 20 termnal, both |ight and heavy chains gconpri se t he

dormai ns FR1, biehie AR pith a basipe affipterextertham(en equal to) abet 1051187 10% 10%ber red t o
(0 the art agte (ehdlaimiiglinkhfeqidest Agaiggyy chain and the J region
of the variable Ilght chain. The assi gnnent of “Hnino acids to each donai n
i's in accordance w t hMdmocliailiantibadissdinf to liapedific ﬁauppemteimﬂﬁthaﬂfaﬂtl\%aniggl;

| mmunol ogd ¢ (National .lnsti Heal t Bet hes

25 and 1800y el oA a o bR o R R hl b pREt e DGR Bl by
Chot hi a et aﬁntlbdd.les debbe teBied lusing 86 tBDigenibIBinal nidateliprocsds 3éRribdL8We and J

Mol . Biol. %gm%‘i:’e% g’ge?eBr?e)d monoclonal antibodies bind to an epitope within residues 1-10 of

AP (with the first N terminal residue of natural AB designated 1), more preferably to an
epitope within residues 3-7 of AB. In some methods, multiple monoclonal antibodies

20 having binding specificities to different epitopes are used, for example, an antibody
specific for an epitope within residues 3-7 of AB can be co-administered with an
antibody specific for an epitope outside of residues 3-7 of AB. Such antibodies can be
administered sequentially or simultaneously. Antibodies to amyloid components other
than A can also be used (e.g., administered or co-administered).

25 Epitope specificity of an antibody can be determined, for example, by
forming a phage display library in which different members display different
subsequences of AB. The phage display library is then selected for members specifically
binding to an anti.body under test. A family of sequences is isolated. Typically, such a
family contains a common core sequence, and varying lengths of flanking sequences in

30  different members. The shortest core sequence shbwing specific binding to the antibody
defines the epitope bound by the antibody. Antibodies can also be tested for epitope

specificity in a competition assay with an antibody whose epitope specificity has already

20



(hereinafter collectively referred to as "Chothia et al." and incorporated
by reference in their entirety for all purposes), 30 A A(i Antibodies
Therapeutic agents of the invention include antibodies that specifically
bind to A(3 or to other conponents of the anyloid plaque. Preferred

anti bodi es are nonocl onal antibodies. Sone such anti bodi es bind
specifically to the aggregated form 19 of AR without binding to the sol uble
form Sone bind specifically to the soluble form wthout binding to the
aggr egat ed fgrnl Sone d to both . gegated and sol ubl e forns.

i
Anti bodi es u%%d dFW"PW@&a%‘EGF?’EPIHﬁ“H alcamppieyithahe 1284 anhibeds foronst ant
region or alBinBiQ%&'S ABWidd 6 iiRnbmeor LikBlaFghRhaRd 12 9}.9,nwﬁmnirél§cﬁxééﬁ§3"‘i.t h an

Fc receptor. Preferred 5 antibodies are those efficacious at stihulating
Fc- medi at ed PHERGMRE AP efbr @rtope spegifisiiy éssa usefulrarediconbf terapg@c eficapy.ef er r ed
because of i I ' I B : ) i.sotvpes.for.the FCRI
receptor on {)oﬁgg%%eltgi%{ag‘gﬁ@ O?gdélmeh%%g%gé?#{?pgtﬁ%‘gﬁ% ’?Fé‘i:“re%bﬁé’gé“sﬁ Br
mcroglidl cltdsio. betdffieetiveligfieverginghed egatingad leldimers disaidersecdr@iag ® tht he

| atter thusol%%hg otfcljexesf C}rthtesti ng I . vivo efficacy in animal (e.g., nouse)
nodel s of 1 2her ey e BrEPREY " Fab fragnents can al so be used, in

whi ch one arm of the A&ﬂibb&l@ﬁﬂﬁak@éciﬁ@&@iB‘xﬂn&b%&gﬁrét%ed@%grn@ﬁd)f‘;&lbew{%ﬁd%?r for an
Fc receptor. Preferred antibodies bind to A(3 with a binding affinity

greater thanPPGPes ERIBST regigns b S haye @ number of ad@antapeprelative tolrpaipeivingl

(1 ncl uding L AkLd Lot e | lLue cl onal anti bodi es
bind to a s ?)%nfg?)?‘?%g tgf)clh'%l %Epoe&gm&? fﬁqﬁ'ﬁﬁ?w’?@f‘ ﬁé é’% tﬁgﬁ%t Aﬁlg %’Sﬁﬁf% F%ﬁﬂ@?ﬁm or
nonconf ofdrat daseess, dopages pbantiPodiphithhtepedificalydbindie payferd segmérdts atain of

ant i bodi es i ng the transgenic. ani npl del procedures
descri bed i?\'ﬁgﬁg%ogggk%%ggfhﬁrggélgsr ?tt&f%ﬁ% o%?"&ﬁﬁﬁmgﬁ{d[ ﬂgﬂe&sg‘fﬁf’ﬂ to an
epi t ope wi t tAnfibedisd spee Scdlly bindifg toARfémeéd deginbets Ean induch atcidarhg adspsresi due of

natural A(3 Lanated 1), . nor referably to an epitope wthin residues
3-7 of Afi. %ﬁ%‘%’rﬁ“@"%@t“ﬁ%‘*&%ﬁ WHE‘?‘{?"H“B‘“HB%&P%E?FP%{) ?Sﬁ‘b’gf gacbPRavi ng
bi ndi ng speaqidypeptidectheteby ehidifiag ertpotdmtiblgserrte. used, for exanple, an
anti body,; specific for an epitope within residues 3-7 of A(3 can be
co-adm ni'stered with an antibody specific for an epitope outside of
resi dues 3-7 of AR SuclPreduatiidvocfiemhombtn Aeriboatkgi ni st ered sequentially or
simul taneously. Antibodies to.a l?xir{d components other. than AP can al so be
used (e.g., administe 8%??”85’-"%% PTG Agfy-human antibodies, for example,
antibodies having specificity for the preferred AB epitopes of the invention. Such

antibodies can be used in formulating various therapeutic compositions of the invention

20 or, preferably, provide complementarity determining regions for the production of
humanized or chimeric antibodies (described in detail below). The production of non-
human monoclonal antibodies, e.g., murine, guinea pig, primate, rabbit or rat, can be
accomplished by, for example, immunizing the animal with AB. A longer polypeptide
comprising A or an immunogenic fragment of AR or anti-idiotypic antibodies to an

25  antibody to AB can also be used. See Harlow & Lane, supra, incorporated by reference
for all purposes). Such an immunogen can be obtained from a natural source, by peptide
synthesis or by recombinant expression. Optionally, the immunogen can be
administered fused or otherwise complexed with a carrier protein, as described below.
Optionally, the immunogen can be administered with an adjuvant. The term "adjuvant”

30 refers to a compound that when administered in conjunction with an antigen augments
the immune response to the antigen, but when administered alone does not generate an

immune response to the antigen. Adjuvants can augment an immune response by
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25 Epitope specificity of an antibody can be determ ned, for exanple, by
formng a phage display library in which different nenbers display

di fferent subsequences of A The phage display library is then sel ected
for nmenbers specifically binding to an antibody under. test. A famly of
sequences is isolated. Typically, such a famly contains a conmon core
sequence, and varying |lengths of flanking sequences in 30 different
menbers. The shortest core sequence show ng specific binding to the

anti body defin epi t ope.bound. by the anti body. Antibodi es can al so be
tested for e{)eik? ‘gg‘é‘g&gﬁég‘rﬂ’i@‘l"f@ﬂ liyﬂ’p5°‘>c/y6en‘68rt”i‘tf"ie%s‘é%‘é'é‘ip’\/ﬁfﬁ?“%ra'rﬂcl“body
whose epi t opsdsiemidtion iof shatt@hadks. €S ¥ralBpELS iR cTh B Gsed BOdeseXRAP! €,

ant i bodi es th(ilt cg e eﬁ/vitré,the 12B4 antibody for binding to AR bind to
the same or X1 %P BEfet Jpund:ssadiwiant fojlowed byjincompleteadjuyent 4s preferred for

Screeni ng animmafiiation boabsmickpRemareci ficity is a useful predictor of

t herapeutjc efficacy. _ For exanple, an anti body determned to bind to an
epi tope w thin resi dudi@bbitsporguingppias ars typigaliyused fasenakinigqolyclonal n pr event i ng
and treati nGanfibadied. NB{e) l : j : t i f the
present invention. Ant F%é%%’ gxga%ﬁ%@%gc [ 8%?1“%%?%%’%’2&}9%%fp§$treéﬁ’"3egrrent
of AD wi t houtan bgippriermedias fadlotwsr 1 25awndrassgehicARch areemanunized @ith 000 agwant ages

relative to @gﬁ; at. i es Dbindi.n 0 other_.regio or. _pol ycl onal
sera to int a‘{c%’)g%.g i rsz‘, ﬁ%’ragtggﬁ(g?mrfaé’ézs‘?dfg4§6% s,Bl‘E%@é@‘gz"CtSﬁd frelgfﬁ‘ti bodi es
that speci f iigahunjzedinice. tIgGps edperatedrane giertlsod eniginente. ARit®aeEpddHcapr dosage
of anti i I Lh.clearing. | oi.d .pl agues. Second, antibodies
speci fi Eg{jl ﬁﬁ%?ﬁ%?r%}ge%{gm r%8 gﬁaf p%é%%l’(taég%g'rf' REARMYe NPAVFIAEE Pesponse
agai nst anylabpat Wepaoss ¢Smmiunbgestspiecifit antitedg iCOWRAREI YT FRSRY BIS thgadaianst

i ntact APP Qf,\%) tide, thereby reducing the potential side effects. 15 1.
Production o nhtiman. Anti bodi es The present invention features non-human

anti bodi es, for exanpMice aranygidatigivest foniiakigg HvR6¢1bhl ahtboliRs. KMagoddaier red
AD epi topes of . the in%enti on.. Such_ antibodies can be used in fornul ating

various t her3pBEPTRIEDASRISE 2 if’6§’§e’3fby tHEtngbmiragspenpor lgnger farax afidbinip, a
Er ovi de 1GONRh&UI., Hréfakihy hpiideriak Qﬁ@ﬂ:ré’eﬁ&%%h{b@iﬁoﬂﬂlgsefopwgﬂﬁ%\gmatﬁf
unmeni zed or gh e :QC ant i odi es ]desc_r I bed in detail below)” The _
producti on SPERGTHLY RIRGS P AonEpberaly. antibpdietire screeneg for bindingte a spesificea pi g,
primate, rabbiién 8 dekifda frAknPSE AB without binding to other nonoverlapping fragments of
AP. The latter screening can be accomplished by determining binding of an antibody to
a collection of deletion mutants of an AP peptide and determining which deletion
20 mutants bind to the antibody. Binding can be assessed, for example, by Western blot or
ELISA. The smallest fragment to show specific binding to the antibody defines the
epitope of the antibody. Alternatively, epitope specificity can be determined by a
competition assay is which a test and reference antibody compete for binding to AB. If
the test and reference antibodies compete, then they bind to the same epitope or epitopes
25  sufficiently proximal such that binding of one antibody interferes with binding of the

other. The preferred isotype for such antibodies is mouse isotype IgG2a or equivalent

isotype in other species. Mouse isotype 1gG2a is the equivalent of human isotype IgG1
(e.g., human IgGl).

30
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acconpl i shed by, for exanple, imunizing the animal with A A | onger

pol ypeptide conprising AR or an inmunogenic fragnent of AR or
anti-idiotypic antibodies to an 25 antibody to A(3 can al so be used. See
Harl ow & Lane, supra, incorporated by reference for all purposes). Such an
i mmunogen can be obtained froma natural source, by peptide synthesis or
by reconbi nant expression. Optionally, the i munogen can be adm nistered
fused or otherw se conplexed with a carrier protein, as described bel ow

Optional ly, the i mmunogen, can be mnistered with an adjuvant. The term
"adjuvant” 30 refers t%%%%ﬁ%ﬁ%@ﬁ nistered in conjunction
with an antigen augmerifts predest inventiog akse sqaansscchiferid @ dAR hi@8izedHibyMA&N

admi ni st ered, 3| ges.not generate an . | ne response to the antigen.

Adj uvant s caﬁ%aﬁgﬁ’neeﬂ*? angof ﬁfﬁ%ﬁ?&eﬂé@ﬁb‘ﬂ%“ﬁg@fp%g% of beta@pryiond BIPEde.ncl udi ng
| ynphocyt e r €bimericrmdrbr hishdniaed abdissticdthall BB e4red orEixﬁﬂir'b?’ndi%g?s’i&Qciﬁgbg%Hdat ion
of macrophages.. Several types of adjuvant can be used as descri bel ow.
Conpl ete Fre '8'%3%171?855%% othsT pJkA2p gntibedy thet prowidgsithe wiaringimatestab faer r ed f or
| muni zat i oncadktric@idA bad BfiivheAL biRbrSanizzdRatiRidlyS or guinea pigs are typically
used for making pol yclonal antibodies. Exefnplary preparation of polyclonal
anti bodies, e.g., for passive protection, can be perforned as follows. 125
non-transgeni ¢ mce arg PR SH ChindlicRinggARL- 42, plus CFA/IFA

adj uvant, and eut hani m s collected from imunized
mce. 1gGis separat ed Pertsm shimsricisntensly? sefers treart antibdy whasel Yightpedi fi ¢ f or
10 the imounNQgenc I i | inLty .chr.o ogr aphy. An
aver age of _aboﬂt@%@% pnégfetgF&% ﬁ?ﬁ%ﬂ%@ﬁ%@ﬁ%gdgﬂ% F%%‘c’lcfnf]gsf%%’?ai ned per
nouse, gi vi n§rarneglolplitpgene gegments brjpngiizde diffeeent yyzicizal Fyr axseplef the maki ng

nonocl onal i { repared, agai nst fragnment by
i nj ecting t?gh?ﬁrhgg‘r/rg%{% or %E’g%r@ L%oﬁoﬁgf% iﬁorf’nfogfoélal afggﬁ‘&f%y?bedf’@gﬁm ng
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bi ndi ng of apmARLhPRMy to a collection of deletion mutants of an AD

pepti de and determ ni hg which deletion 20 nutants bind to the anti body.
Bi ndi ng can be assessed, for exanple, by Western blot or

B. Production of Humanized Antibodies

The term “humanized antibody” refers to an antibody comprising at least

20 one chain comprising variable region framework residues substantially from a human
antibody chain (referred to as the acceptor immunoglobulin or antibody) and at least one
complementarity determining region substantially from a mouse antibody, (referred to as
the donor immunoglobulin or antibody). See, Queen et al., Proc. Natl. Acad. Sci. USA
86:10029-10033 (1989), US 5,530,101, US 5,585,089, US 5,693,761, US 5,693,762,

25  Selick et al., WO 90/07861, and Winter, US 5,225,539 (incorporated by reference in
their entirety for all purposes). The constant region(s), if present, are also substantially
or entirely from a human immunoglobulin.

The substitution of mouse CDRs into a human variable domain _
framework is most likely to result in retention of their correct spatial orientation if the

30 human variable domain framework adopts the same or similar conformation to the
mouse variable framework from which the CDRs originated. This is achieved by
obtaining the human variable domains from human antibodies whose framework

sequences exhibit a high degree of sequence identity with the murine variable
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ELI SA. The smal |l est fragnent to show specific binding to the antibody
defines the epitope of the antibody. Alternatively, epitope specificity
can be deternmned by a conpetition assay is which a test and reference
anti body conpete for binding to AR If the test and reference antibodies
conpete, then they bind to the same epitope or epitopes 25 sufficiently
proxinmal such that binding of one antibody interferes with binding of the
other. The preferred isotype for such antibodies is nouse isotype |g&xa or

i val equi val ent
of human i soff?’é?ﬁﬁgg‘;“‘f%'ﬁ?‘ﬁ S RCDRPYER oG e R i i i 2o
'WQr

Ant i bodi es TH&3p kvegrons om be @@Vf-‘té&bmrthessanm areliffererahdman aktibaani ze](cj
ot o oyt o - uEnces CIMTRRLS Qo R AEF LTRR DR SBSRH Sare
or simlar bhlmjilm@tlsbp@ca drican bg/ctmschsﬁs sa‘qﬁtmlei §f seSeral Hiiiag antfodddsh8ee NONhuMaN
chi tr o o KeREBULERSy Ll hBlehl baeslBy i3 1osih kel R et SadPPsGi o5 The
chain genes rﬁﬁ%@‘“ﬁ?ﬁﬁ“@éfﬁﬁ%’g %m"f‘%‘ﬂgg‘f‘?mz“ﬁ& ! LQQEQ?R% g, from
i i éiwm P 1 s ofthe it e,
It rr?em n\? glr ?gg: vldnnx(og/;ar:;e;mbhﬁn axid athI;meglamn{ah Qﬂaeﬁtdir‘i)rzz‘ﬁf B%qu&lpf?ﬁé ne}%té;gdy

b ned .t @ _human st ant s gnents, such as and 1g&4." Human
Tantype 1 o0 i SetTRRCY g i 851 chen O Tres sormponenShayid e SREISUE foybr |

pr ot ei n HDbNsopiniiBgtheprdpbiedofthe rcl‘ﬁltlﬁg\hhrﬁﬁﬂzé@l' Anebo. (iH@@Ae'?alfsquEHréndéDdfse
anti body and _the C.or effector domain froma hunan anti body. B. oducti on
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conpri si ng ahutifa@idued InPdesGhéltisk &Qﬁ@&dtﬁbﬁ'}gel%ﬁ’tm gazplhlﬁnarneﬂl'ucmcgts[e %HEM&P
resi dues subg{gaﬁéally fron1a human antibody chain (referred to as the

accept or BP9nse BY bugiens-hoHFcogRred metheds of dstpsminiegipirewnent ar i t v
det er mi Ni NY reGBnecah e $EdHreakd Mo%&@}%ﬂﬂﬁ%&o@a@é inba%‘tl-.cu Jrgﬁt%ﬁg s

t he donor_ i munogl obul in or anti body) een Acad.
Sci. US uring clinical trials. Patients administered humanized antibodies can be given an

immunogenicity assessment at the beginning and throughout the administration of said

therapy. The HAMA response is measured, for example, by detecting antibodies to the

humanized therapeutic reagent, in serum samples from the patient using a method

known to one in the art, including surface plasmon resonance technology (BLACORE)
20  and/or solid-phase ELISA analysis.

Certain amino acids from the human variable region framework residues
are selected for substitution based on their possible influence on CDR conformation
and/or binding to antigen. The unnatural juxtaposition of murine CDR regions with
human variable framework region can result in unnatural conformational restraints,

25  which, unless corrected by substitution of certain amino acid residues, lead to loss of
binding affinity.

The selection of amino acid residues for substitution is determined, in
part, by computer modeling. Computer hardware and software are described herein for
producing three-dimensional images of immunoglobulin molecules. In general,

30 molecular models are produced starting from solved structures for immunoglobulin
chains or domains thereof. The chains to be modeled are compared for amino acid
sequence similarity with chains or domains of solved three-dimensional structures, and

the chains or domains showing the greatest sequence similarity is/are selected as starting
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86:10029- 10033 (1989), US 5,530, 101, US 5,585,089, US 5,693,761, US
5,693,762, 25 Selick et al., W 90/07861, and Wnter, US 5,225,539
(incorporated by reference in their entirety for all purposes). The
constant region(s), if present, are also substantially or entirely froma
human i mmunogl obul in. The substitution of nouse CDRs into a human vari abl e
domain franmework is nost likely to result in retention of their correct
spatial orientation if the 30 human variable domain franmework adopts the
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Kol bi nger et .al., Protein Engineering 6:971 (1993) and Carter et al., WO
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(1)  -noncovalently binds antigen directly,
2) 1s adjacent to a CDR region,
20 (3)  otherwise interacts with a CDR region (e.g., is within about 3-6 A
of a CDR region as determined by computer modeling), or
4) participates in the VL-VH interface.
Residues which “noncovalently bind antigen directly” include amino
acids in positions in framework regions which are have a good probability of directly
25 interacting with amino acids on the anti gen according to established chemical forces, for
example, by hydrogen bonding, Van der Waals forces, hydrophobic interactions, and the
like.
CDR and framework regions are as defined by Kabat et al. or Chothia et
al., supra. When framework residues, as defined by Kabat et al., supra, constitute
30  structural loop residues as defined by Chothia er al., supra, the amino acids present in
the mouse antibody may be selected for substitution into the humanized antibody.
Residues which are “adjacent to a CDR region” include amino acid residues in positions

immediately adjacent to one or more of the CDRs in the primary sequence of the
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Certain amno acids fromthe human vari able region framework residues are
sel ected for substitution based on their possible influence on CDR
conformation and/or binding to antigen. The unnatural juxtaposition of
murine CDR regions with human variable framework region can result in
unnat ural conformational restraints, 25 which, unless corrected by
substitution of certain amno acid residues, lead to loss of binding
affinity. The selection of amino acid residues for substitution is
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char act er i stipgsungglobtlen @Ei, ncomphEsgaterpead mbddal). a& thréodiatensiom] madeenpi ri cal

chservatl o0 Skl L AL RO TR SR o0
vari abl &5 egCORs fre aivsevorthe CBRis dodhareth good radabiticy dTuntaraCcNRY d(;ﬂlﬁl:ﬁgrl’oléhgidgg
e X SpREy b DU VR e SRR o
anti body wheft thoseiagimeasbprattions, tixmmot 2oim tftglobuli® atitiorsidaaihe: than the

acceptor immunoglobulin amino acid may be selected. Amino acids according to this

criterion will generally have a side chain atom within about 3 angstrom units (A) of

20  some atom in the CDRs and must contain an atom that could interact with the CDR

atoms according to established chemical forcés, such as those listed above.

In the case of atoms that may form a hydrogen bond, the 3 A is measured
between their nuclei, but for atoms that do not form a bond, the 3 A is measured between
their Van der Waals surfaces. Hence, in the latter case, the nuclei must be within about

25 6 A (3 A plus the sum of the Van der Waals radii) for the atoms to be considered capable
of interacting. In many cases the nuclej will be from4 or5t0 6 A apart. In determining
whether an amino acid can interact with the CDRs, it is preferred not to consider the last
8 amino acids of heavy chain CDR 2 as part of the CDRs, because from the viewpoint of
structure, these 8 amino acids behave more as part of the framework.

30 Amino acids that are capable of interacting with amino acids in the
CDRs, may be identified in yet another way. The solvent accessible surface area of each
framework amino acid is calculated in two ways: (1) in the intact antibody, and (2)ina

hypothetical molecule consisting of the antibody with its CDRs removed. A significant
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(1) noncovalently binds antigen directly, (2) is adjacent to a CDR region,
20 (3) otherwise interacts with a COR region (e.g., is within about 3-6 A
of a CDR region as determ ned by conputer nodeling), or (4) participates in
the VL-VH interface. Residues which "noncovalently bind antigen directly"”
include amino acids in positions in framework regions which are have a
good probability of directly 25 interacting with am no acids on the antigen
according to established.chem cal forces, for exanple, by hydrogen

bondi ng, Vang; rophobic interactions, and the 1|ike. CDR
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Nor eover, t HRECEARHE St iTrROntactsdke WRRSi nteract directly with the antigen
(At etiql., ScienceTigimictstids bPRbral YUiihs iPunk RABLABHALEELJIGT £ DY

reference) and selecting these am no acl romthe donor may be Gesirabl e
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anal yzin aaainﬁr@tgl? g{ewégﬁgﬁﬂgﬁltaﬁﬁ%gdggwg%dta%e éoen%egg?' Qn}rlfaﬁrh “@‘P}?- UHg Freerding g
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also likely to interact with the CDRs. At all these numbered positio.ns, choice of the
donor amino acid rather than the acceptor amino acid (when they differ) to be in the
humanized immunoglobulin 1s preferred. On the other hand, certain residues capable of
20  interacting with the CDR region, such as the first 5 amino acids of the light chain, may
sometimes be chosen from the acceptor immunoglobulin without loss of affinity in the
humanized immunoglobulin.
Residues which “participate in the VL-VH interface” or “packing
residues” include those residues at the interface between VL and VH as defined, for
25  example, by Novotny and Haber, Proc. Natl. Acad. Sci. USA, 82:4592-66 (1985) or
Chothia et al, supra. Generally, unusual packing residues should be retained in the
humanized antibody if they differ from those in the human frameworks.
In general, one or more of the amino acids fulfilling the above cﬁteﬁa Is
subStirutéd. In some embodiments, all or most of the amino acids fulfilling the above
30 criteria are substituted. Occasionally, there is some ambiguity about whether a
particular amino acid meets the above criteria, and alternative variant immunoglobulins

are produced, one of which has that particular substitution, the other of which does not.
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15 CDRs are close to the CDRs and have a good probability of interacting
with amno acids in the CDRs by hydrogen bondi ng, Van der Waals forces,
hydr ophobi c interactions, etc. At those am no acid positions, the donor

i mrunogl obulin am no acid rather than the acceptor inmunoglobulin am no
acid may be selected. Amino acids according to this «criterion wll
generally have a side chain atomw thin about 3 angstromunits (A) of 20
some atomin the CDRs and nust contain an atomthat could interact with the
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immunoglobulin is also rare, relative to other human sequences. These criteria help
20  ensure that an atypical amino acid in the human framework does not disrupt the antibody
structure. Moreover, by replacing an unusual human acceptor amino acid with an amino
acid from the donor antibody that happens to be typical for human antibodies, the
humanized antibody may be made less immunogenic.
The term “rare”, as used herein, indicates an amino acid occurring at that
25  position in less than about 20% but usually less than about 10% of sequences in a
representative sample of sequences, and the term “common”, as used herein, indicates an
amino acid occurring in more than about 25% but usually more than about 50% of
sequences in a representative sample. For example, all human light and heavy chain
variable region sequences are respectively grouped into "subgroups" of sequences that
30  are especially homologous to each other and have the same amino acids at certain
critical positions (Kabat et al., supra). When deciding whether an amino acid in a

human acceptor sequence is "rare” or "common” among human sequences, it will often
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Chothia et al., supra and Tranontano et al., J. M. Biol. 215:175 (1990),
all of which are incorporated herein by reference). Notably, the am no
acids at positions 2, 48, 64 and 71 of the light chain and 26-30, 71 and
94 of the heavy chain (nunbering according 15 to Kabat) are known to be
capable of interacting with the CDRs in many anti bodies. The am no acids
at positions 35 in the light chain and 93 and 103 in the heavy chain are
also likely to interact with the CDRs. At all these nunbered positions,

choice of th ner ani no,aci at her than the. acceptor,am no acid (when
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unusual packi ng residues should be retained in ni zed ody if
they differ Yndsmihe AbM andiordentaptdefinitiopainewor ks. I n general, one or nore of

the am no acids ful fildJid#ehn / i A | i _l.n some
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criteria arehaisesespond &ua racxeranponhiongr framewerki residuemR asandyi ugusual/danoout

whet her p j 1 | ' Cll ia. d al.ternative
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resi e i hout <por okt ahS 6N APeBRbL IR Skl 11
i ntended cormsturEing dnan aaeptorafsanwork edgivn. Fak exdntpde, when an &2pptoddntibo@sn, gl n;
ser, thr; | %%am?zrg, a unrganp a%%bo&)y Chain sharing significant sequence identity with the donor
antibody chain) is aligned to a germline antibody chain (likewise sharing significant
20 sequence identity with the donor chain), residues not matching between acceptor chain
framework and the germline chain framework can be substituted with corresponding
residues from the germline sequence.
Other than the specific amino acid substitutions discussed above, the
framework regions of humanized immunoglobulins are usually substantially identical,
25  and more usually, identical to the framework regions of the human antibodies from
which they were derived. Of course, many of the amino acids in the framework region
make little or no direct contributién to the specificity or affinity of an antibody. Thus,
many individual conservative substitutions of framework residues can be tolerated
without appreciable change of the specificity or affinity of the resulting humanized
30 immunoglobulin. Thus, in one embodiment the variable framework region of the
humanized immunoglobulin shares at least 85% sequence identity to 2 human variable

framework region sequence or consensus of such sequences. In another embodiment,

the variable framework region of the humanized immunoglobulin shares at least 90%,

29



10 Additional candidates for substitution are acceptor human franmework

am no acids that are unusual -or "rare" for a human i nmunogl obulin at that
position. These anm no aci'ds can be substituted with ami no acids fromthe
-equi val ent position of the nouse donor antibody or fromthe equival ent
positions of nore typical human imunogl obulins. For exanple, substitution
may be desirable when the amino acid in a 15 human franework region of the
acceptor inmunoglobulin is rare for that position and the correspondi ng

Pummn | runoBTESBENY 1 BURIERERES0 0S4 0312 S ARBG sehes Helthe i Beror

i nmunogl obul varidbk ﬁamea/ofrlofegidmasteqmat bri PAseRsL oth@ch%eﬁJe%&Oflﬂgé}ﬁra@m no acid
in the donor, inmmuno Fujlnls also.r relative to other human

sequences. Th%‘%eé’e‘éﬂ’ %{“W&nﬁ%né%fa&é that an atypical amno aci d in the
human framework does nide hlinahisBd aﬁtmed.@%ﬂel%%yy eﬁxﬁﬂlyﬁﬂé&%c oMM R

repl aci ng_an_unusual human a cept or ami hg acid an am no “acl dm{‘romthe

donor ant1 boffy 2BtkEsh ofaldpashi9 t19"HE” P39 M - f@amwﬁhanpmﬂlﬂbmfbemmg he
hurmani zed anjfsaRelyr HBKuhShiFRds db&ﬁ@s o IR QHE%E-:; Jﬂgg’i%’f{ﬂr M€ or rfSoSed

herein, indicates an am no acid occurrin p05| on 'n1%e¥s than
about 20% buthatefg dopor @ysun%éﬂbuhboﬁﬁem@%%ferélequ'Mng #ffiaity isepoesent at i ve

R i RS Rt kO Fodidl Bve BOMIRY apndnHRBARBEHS, T i 001 B8 B0

am no acid occurring in nore than a But 50%
of sequenceblnﬂlngaffmﬁppesmcmmav@tewﬁpbéahuﬁwuzeﬁamdiodyhahhghmrran | i ght and

heavy chai n e ctivel ou into
"subgr ougés k%égtgt g‘gﬁ?’!é ngg’t %HltbgggH "Z%‘ %Ie@l)a chFahcccr:R)t %%%gmtng’e@%ch ot her

and have t hesubstiteticas). rlo seah idstasdes chs.’rlbxading pﬁmpbpmaizequsu:todp(\sm( Kabat et al.,

supra) . V\hensqg?tﬁbtgdngﬂsgn%ra afal LA oﬁglgegfpll(? gr%%lerp lﬁp’@?ﬁeg(ﬁ)ctggt sequence

is "rare" unan seque preferabl e
t o consi der grityr, hhntat bmhannssanhmmtmibioﬁytmm&u{pghmp aRfivityéf the

acceptor seguence. ..Additio and es fo ion ar accept or
human franmewor k085 aa]rtﬁﬁ%%esa%ain '\?\gf}’it)rac"ﬁ@p d@h@ﬁ@#ége ’p?éff ceRlasmanpr
regi on urﬁ:lerresdmencalmsiagmahbexl&dﬁexg%ﬂusmrtdompemr»@mdg fyayehothia et at, supra.

Addi ti onal candi dates for substitution are acceptor human framework am no
acids that would be identified as part of a CDR region .under the AbM

and/ or contact defi ni d. drsduction of Humanized 12B4 Antibodies

A preferred embodiment pf the present invention features a humanized

antibody to the N-terminus of AB, in particular, for use in the therapeutic and/or

20  diagnostic methodologies described herein. A particula.rly preferred starting material for
production of humanized antibodies is 12B4. 12B4 is specific for the N-terminus of AB
and has been shown to mediate phagocytosis (e.g., induce phagocytosis) of amyloid
plaque. The cloning and sequencing of cDNA encoding the 12B4 antibody heavy and
light chain variable regions is described in Example I. ¢

25 Suitable human acceptor antibody sequences are identified by computer
comparisons of the amino acid sequences of the mouse variable regions with the
sequences of known human antibodies. The comparison is performed separately for
heavy and light chains but the principles are similar for each. In particular, variable
domains from human antibodies whose framéwork Sequences exhibit a high degree of

30  sequence identity with the murine VL and VH framework regions were identified by

- query of the Kabat Database using NCBI BLAST (publicly accessible through the

National Institutes of Health NCBI intemnet server) with the respective murine

framework sequences. In one embodiment, acceptor sequences sharing greater that 50%
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Addi ti onal candi dates for substitution are acceptor framework residues

that correspond to a rare or unusual donor framework residue. Rare or
unusual donor 10 framework residues are those that are rare or unusual (as
defined herein) for nurine antibodies at that position. For nurine _

anti bodi es, the subgroup can be determ ned according to Kabat and residue
positions identified which differ fromthe consensus. These donor specific
di fferences nmay point to somatic nutations in the murine sequence which
enhance activity. Unusual residues that are predicted to affect binding are
15 r et ai ned, SSAKEICE ientiyyith raurinerdonpicieguences ase seledtedo drefarablys egceptondi ng can

be substitutgfibod bdd 'ﬁf&ﬁj‘o,dﬁ‘)" 208 1 | IsQB.t8f © non-gerniine
resi dues ocagﬁ]r?iy;%qi ncg%%gr(l:cept}or ‘f/faneﬁag?i%?%ciré% S@ocr exanpl e, when an
acceptor antibody chat eemputes comparniaonef 124 reveded tbhahﬂl%ﬂirhh%}ngh:ﬁngm flmcant
sequence id ' ' : [ : ' i 1.gpe a, germine
anti body cha {1 ieast MEpeR Mena B bR Sk b bORERATE o1 R 1 ¢t ho
donor chai n)the 1284 bieary chadn shomis@néatayt eguenee ideatityetp homar hewvp chdinasewor k and

th rmin i k n subst it ut ed. w correspandi n

r egi gﬁes :‘r ?%Bpﬁ%ﬂggﬁﬁﬁgys’ég%éﬁ}é‘gr s'ﬁ’ﬁ'e:ﬂ“t'snﬁﬁhttaﬂéE%%'é’&“ﬂaggr&ﬁ’ieﬁ’ aci d

substi t ut i orrsgidnsua pefatatadp dereved thiven hifmanaminb gdéesrﬁghélzBSumiépeb,wm‘mnzd ed .

i mmunogl obul | re usual | v substantially identical,, . and npre usually,

: dent i gal toéog eélg srsg?}ée\ﬂﬁ?slgf%céisliﬁt%’?%if allthﬁé’r ﬂﬁeéiﬂ‘gg’ﬁf}?aﬂb YrgNERERIXN t hey

were deri veokhoﬂngcgnmseseqnmyid&fmtiﬁyheﬂar&oﬁesr?ﬁd'iidg rqg]icibntfhﬂnflnmlﬁ\éfﬁf f fdfn tﬂregl ]9”

makelittole Of 0 dire%ﬁyc tribgti 0 e specjficity. or affinity of an
i body! 1b0dS, Havine K e Pambes SHREIRy e pee b e Y SR Yaradvior k

ant i body. Thal?g, MiPEi IR (] avtevo

resi dues caregiens showingrehtesvéeqberiet idiaﬁfyasit}ﬁabio&le%ga?igg rég_‘i_%rit'?@m?mﬁ%xfe' city or

crbod munt . (e FAPTEBIE RRVSEIRRGH (O Negoer D8P L8 s hRasiseyiad cenbiiog) obul i

shares at Iembss&ﬁ%csmf @,iad@ﬁﬁhﬁtiboﬁ?h?viﬂg'@?bhaﬁﬁmc@n%ﬁgpl\foa ;'slme'vv?[1 E region

sequence or ¢ us. of such sequences. |n_another enbodi nment,

variabl e fraf?fgl&lgfiﬂ%r‘gﬁ'?% *B'F‘E? Winedabat B NamBeroRPO3hli bring Sivas prsfested] east

90% 29spreferably 9R%idimhe fekefchicall i QB8 rudiYas RBYMOr whlYasedence

identity to a.h n, variable fra rk regi on sequence or consensus of
such seéuen@&’g.&ﬂ%s bervesnd HB%‘&K)@%%“’W@H‘ Beaand g pHlent Bumipiesi r abl e.

The humani zedrigblé fraaevesk regi6d, ekettimanSdmdNork AmHRacidishsuladiipgeafl finity
substituted by the equivalent mouse amino acid if it is reasonably expected that the
amino acid:

20 (1) noncovalently binds antigen directly,

(2) is adjacent to a CDR region, is part of a CDR region under the
alternative definition prbposed by Chothia et al., supra, or otherwise interacts with a
CDR region (e.g., is within about 3A of a CDR region), or

(3) participates in the VL-VH interface.

25 ' Computer modeling of the 12B4 antibody heavy and light chain variable
regions, and humanization of the 12B4 antibody is described in Example V. Briefly, a
three-dimensional model is generated based on the closest solved murine antibody
structures for the heavy and light chains. The model is further refined by a series of
energy minimization steps tb relieve unfavorable atomic contacts and optimize

30 electrostatic and van der Walls interactions.

Three-dimensional structural information for the antibodies described
herein is publicly available, for example, from the Research Collaboratory for Structural

Bioinformatics® Protein Data Bank (PDB). The PDB is freely accessible via the World
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5 for antigen of at |least 107, 108, i0 9 or 1010 M'. Usually the upper
limt of binding affinity of the humani zed anti bodies for antigen is within
a factor of three, four or five of that of the donor imunoglobulin. Oten
the lower limt of binding affinity is also wthin a factor of three, four
or five of that of donor imunoglobulin. Alternatively, the binding
affinity can be conpared to that of a humani zed anti body having no 10
substitutions (e.g., an antibody having donor CDRs and acceptor FRs, but no

FR substit ufj. .In such.instances, the bindj he, opt m zed

ant i body (wi Wﬁ&)enz”)&Bé’E‘F’Pﬁ‘ﬁ“gh%é]“f% °§$§P§Fﬁ%ﬂ § “égk‘?@gf‘c{gfﬁd"ﬂ‘go’éeffﬁ’%- fol d
greater, or 2h2¥e-Cdmputaunodeihglallogvsdad e idehfiicatibh at COR-inkeacting tlaRfutd, ut ed
anti body. For, maki ng co risons, actjvity of the wvarious_ antibodies can
be determ ne@,le ?&P“&Eénﬂg?’g?é t V%F%&dﬁjé\é%ﬁ.cé’? In W RS FSHEREPOIY fPesonance
usi ng unl abepregictingthg GRS YinhsicRIB@idnlre ¥ LaririBbAPctaMNS the 18B4Pr oduct i on of
Humani zed_12B4 Anti bodi es A preferred enbodi nent” of the present invention

features A h?ﬂ%?'ﬂ@é?méﬁ?tF@HHS?‘gt"Eﬂi‘f’ﬁéuwif"é?q@ﬁwaafffwwomﬁ‘@%ﬂscuI ar, for
use in the tAedifBRY iroBeld BE B coffint-aghRedchtndBit RREQLRGE RS ulESRnbRAGD herein.

A particul arl}; preferred starting material for production of humani zed
ant i bodi es i 8o3tpons poepatrpducedheci fic for the N-term nus of AP and has been

shown to nedi ate phagqg 415sub&itBtion df ' f '

pl aque. The cl oni ng _and)ég%au’e#élﬁﬁg ogfd ?%m&gﬁgﬁﬁf%é?%g%fggs g‘ﬂﬂ‘%%’ heavy
and |ight cqbamcrv_am Biglegirabley i Aneerdinghyd dedrinisaed antibodivg loéthee pre2&ntSui t abl e
human acfeP!Qledtigh WP daiG ANRAASSutMifuclofl SPL hlneflibi% FRARIRL ERRRL | sons
of the am no acid sequencés of the nouse vari abl e regions W R Fre
sequences of Withaearespersingal2B4resdwsn aflisest ¢ ArParringwa of the phoseoposidorsepar at el y

for heavy uln'%P;z S ILheiples. .are siomlar for each. In

particul ar, ai\;}%rr{ a ee&%gln%?lﬁggl%? g%‘;nﬂ%%nqnggﬁtsl odiies o&ﬁmggl@a? {‘%?P%\XEW

sequences exfnigworkrdsidgh wihgroeerespondi6g $28dieenidec irdai¢ast 3, 208 bhmbfecofhy | ne VL

and VH frane regions were identified by query of the Kabat Database
AL R

usi ng NCBI cly accessible through the National Institutes of
Heal th NGBl internet $ecasimpllyibolvetdigtherespenid antbigmity dbdut Whdaiie\wor k

S duences. o MRy SRAMCIRALa. A6 AR Ui S ANER ANtk HrRRbE O UG oo

30 sequence ‘identity w thnurine donor sequences are sé

acceptor arré prodyced copgeri svhichdtag rhanparb@dgr sWitutD@athe 9084 6f witith o met.

sel ect ed. In instances where substitution with a murine residue would introduce a residue that is

rare in human immunoglobulins at a particular position, it may be desirable to test the

20  antibody for activity with or without the particular substitution. If activity (e.g., binding
affinity and/or binding specificity) is about the same with or without the substitution, the
antibody without substitution may be preferred, as it would be expected to elicit less of a
HAMA response, as described herein. )

Other candidates for substitution are acceptor human framework amino

25  acids that are unusual for a human immunoglobulin at that position. These amino acids
can be substituted with amino acids from the equivalent position of more typical human
immunoglobulins. Alternatively, amino acids from equivalent positions in the mouse
12B4 can be introduced into the human framework regions when such amino acids are
typical of human immunoglobulin at the equivalent positions.

30 Other candidates for substitution are non-germline residues occurring in a
framework region. By performing a computer comparison of 12B4 with known |

germline sequences, germline sequences with the greatest degree of sequence identity to

the heavy or light chain can be identified. Alignment of the framework region and the
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A conput er conparison of 12B4 reveal ed that the 12B4 |light chain shows the

greatest sequence identity to human |ight chains of subtype kappa Il, and
that 5 the 12B4 heavy chain shows greatest sequence identity to human
heavy chains of subtype Il, as defined by Kabat et al., supra. Thus, |ight

and heavy human framework regions are preferably derived from human
anti bodi es of these subtypes, or from consensus sequences of such
subtypes. The preferred |ight chain hunman vari abl e regi ons show ng

greatest sequence identity to the.corresponding regiqon from12B4 are from
an 10 anti body ‘5%?%5“1258%‘9 'qvﬁlmﬁ?@bﬁpsﬁb‘%m bf'fﬁﬁ{&“g? g‘fréPt?sé'Hmﬁéé‘()Sh chain
hunman vari(jab&c&respic_ﬁh@ln(g;gﬁnﬂh{f\lbéBs;fMegf Rasfiasas nSﬁﬁhte}Eiﬁ%bédtd'eéﬂikYecteﬁ l{)gh?cl}ali:r)] \urh
correspondi ng regi on from re rom an anti bo avi ng Kabat unber
000333, an a%ﬁ?%%d%@%‘(ﬂ”ﬁ@“‘%%ﬁt?zﬂkeseﬁ & PSS C‘ﬁé@gﬁﬁ%@%déﬂﬁ an anti body
havi ng GenbagibsthGEaswitlothe Yorresp gklinttesfaut he anti body having Kabat 1D

Nunber 000333 being nore preferred. 15 Residues are next selected for
substitution, as fol | cikle \nBwagzes i Aeauenrsianalysis pithe 1274 WEleand 11 2B4

vari abl e fraBRs KAGRGHRIMBRLL AB hERth VRIBREs RWER be Y& Bl ofplufepMEWOT K
region, the human framework am no acid should usually be substituted by

t he equi val empdeingebthgi?Réaniiiodyand pddifional nueanrrabibediesapesst Euthtasatelltase

am no aci d: : \, j t Lgen. di (2) pl jacent to
a CDR regi on%gﬁ%%e??a%% tggt%rﬁbglé%dgﬁ%%ltgkgﬁ'}%gddcgﬂe@g%tﬁ?tlén\gfe}{ e\‘"?ﬂ‘ls ion
proposed. by repidedsiare aso sgt forthdnBalkle 1o Ragtheyseirsslupnire ideptiSed byt dongpariGPR

region (& 9-theld gy hd | icipates in
the VL-VH int gr?“ggthwo&%%ﬁqgéﬁm?}%gg{’igﬂr?g%e@?eg%%e% f%’%ﬁmgﬁ%}frggg{})eheavy and’
| i ght chai n sphgtoap loewhiclkethe dasor \éln dndiem¥Hisequenaes belbng (recdrdiBd taktbanoayd i s
described i .Brief.l. . 1 hr, i nensi onal del .i s_gener at ed
based on t hg dgﬁgggé& e\s{%slm\?%(f%];sfh%(?sn‘ghﬁ%? 'lf%gg?/mr%f (?ol?g nﬁ‘rlségﬂfe 5ﬁ'dcf"ﬁé9%8§{7y and
| i ght chai nsdiff§tiercesprgipoinstof somahie mutatiohsiebich gntmneseadtiesy.0Unusaslar gare
mnimzatio reli.eve unfavorable atom ¢ contacts .and optim ze 30
el ectrost at ﬂgﬁ%ﬁ%%{?tgé;toﬁ? B'Vé’l"?é"? heep 3%{4%’0?10??3%? é%‘-‘?c?f‘n@ﬁ’gi’%ﬁgr"g?wdet ur al
i nf or matison rein thhmoasetredidigt. dBowetasg if thechusie meiuse feSidpeiBinotimpoatuifbabl e, for
rot ot n' Dt S voBEEAY P BleRirk e R SRkl e bR B °°

create immunogenic neoepitopes in the humanized antibody. In the situation where an

unusual residue in the donor sequence is actually a common residue in the correspondihg

acceptor sequence, the preferred residue is clearly the acceptor residue.

20 .
Table 1. Surﬁmary of 12B4 V region sequence
Chain | VL VH
Mouse Subgroup I Ib
Human Subgroup I II
Rare amino acids (% . K107 (0.542%) T3,111, L12, F24,
frequency) ' S41, N75, D83, A85
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Kabat ID sequences referenced herein are publicly available, for example,

from the Northwestern University Biomedical Engineering Department’s Kabat

Database of Sequences of Proteins of Inmunological Interest. Three-dimensional

structural information for antibodies described herein is publicly available, for example,

from the Research Collaboratory for Structural Bioinformatics’ Protein Data Bank
(PDB). The PDB is freely accessible via the World Wide Web internet and is described
by Berman et al. (2000) Nucleic Acids Research, p235-242. Germline gene sequences

referenced herein are publicly available, for example, from the National Center for

Biotechnology Information (NCBI) database of sequences in collections of Igh, Ig kappa

and Ig lambda germline V genes (as a division of the National Library of Medicine
(NLM) at the National Institutes of Health (NIH)). Homology searching of the NCBI
“Ig Germline Genes” database is provided by IgG BLAST™,
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framework region. By performng a conputer conparison of 12B4 with known
gernline sequences, gernline sequences with the greatest degree of sequence
identity to the heavy or light chain can be identified. Alignment of the
framework region and the 32 gernline sequence will reveal which residues
may be selected for substitution with corresponding germine residues.

Resi dues not matching between a selected |ight chain acceptor framework
and one of these germine sequences could be selected for substitution

with the correspondin ermjine resjdue. 5 Table | su rizes the sequence
anal ysis of the 12B4 %ﬁg‘ﬂg‘jcw ep "Bﬂét’.aWW?eéﬁaﬁlb%ngEQ‘eéﬁ?ieWunan

structures thatntodrtohRind$i9d Ifghf cHafRHpeiking ARERAHIO§orRtin E&BpAsiBmartd body and
h | as erm i ne sequences

additional h ibodi es are set farth as wel gern
fhat can be TaBVEL T3 Mg ACFRE A dTemeats therfameatpsk havinecat iasstnme,
resi dues ar eredlda® sihtitufedrith &xgc&?&b&dlinglz'ﬁ%&@sima (ifShdlvpenaaf € 1 dentified

by conparing 10 the donor VL and/or VH sequences W th the sequences of

ot her nmenber SCTBINYNE 2B CARs and aimen 2edeptor frmewutk, tadiamework hagipgences
bel ong (accofeditRge P ki@bR ko ke, fodLRVE W @&/fehhqul'ge?sr:,n%q'eg&{%s tsﬁb%ﬂt?%a%' ch
differ fromthe consensus. These aonor spécifit itferences mey point to
somat i ¢ nut avith i optresponding dRB4 resisiug.\antyoptionalhual least orrqapefererbéystvch;&s cl gise
to the bindi bdi ST BY: i b . tigen. making it desirable
- to 15.. ret aﬁeﬁ%&%uséﬂﬁﬁ‘gﬁ%éE%m}%ﬁﬁﬁﬁggﬁhﬂﬁgﬁ%ﬁeMUse residue is
not inportant for bi ddiangthenmefentd ¢rmodinen osipomoized aatileapbbdthepesemiue i s

f S. . I e reate i nmunogeni ¢, neoepitopes in the
uman zei? ani B M Al 2 be SRR R A PRl RBRtPF " e donor
sequence i s @eéfemablyywa, theanfour ¢resl) dfthe ifmllowmeghaﬁwmes:pgmdirﬂgsqlgmeﬁpzz gz)T o
sequence, the preferred resjdue is clear the acceptor residue. abl e
1. qSum"rary 21?’"%2@?“335‘3&gﬁﬁgh‘{zs(é'éuéﬁe‘ae@‘\&‘?%ﬂU@ﬁ);( biads ABpyplainss (484 b

Human Subgr Oéiﬁlninh of WDRR{dfor ¥ 3@54&@; (AYtHO A Bt Ao thee- fotd highet2:  F24
frequency) 541, Nr75, D83, A85 3
binding affinity as compared to chimeric 12B4 (e.g., 12B4 having murine variable

15  region sequences and human constant region sequences); (5) mediates phagocytosi.s of
AB (e.g., in an.ex vivo phagocytosis assay, as described herein); and (6) crosses the
blood-brain barrier (e.g., demonstrates short-term brain localization, for example, in a
PDAPP animal model, as described herein).

In another preferred embodiment, a humanized antibody of the present

20 invention has structural features, as described herein, binds AP in a manner or with an
affinity sufficient to elicit at least one of the following in vivo effects: (1) reduce Ap
plaque burden; (2) prevent plaque formation; (3) reduce levels of soluble AB; (4) reduce
the neuritic pathology associated with an amyloidogenic disorder; (5) lessen or
ameliorate at least one physiological symptom associated with an amyloidogenic

25  disorder; and/or (6) improve cognitive function.

In another preferred embodiment, a humanized antibody of the present
invention has structural features, as described herein, and specifically binds to an epitope
comprising residues 3-7 of AB.

In another preferred embodiment, a humanized antibody of the present

30 invention has structural features, as described herein, binds to an N-terminal epitope

within A (e.g., binds to an epitope within amino acids 3-7 of AB), and is capable of

35



Chot hi a canonical class L1: -class H: class 3 [lggi] 4[Innf] H2:-class |
L2: class 1 [ | Inmk] L3: class 1 [ 1 tet] Closest nouse MAb sol ved 2PCP
(2.2A) 1 ETZ (2.6A) structure Honol ogy with nodeling 94% 80% tenplate
Human Franmewor k seq KABI D 005036 1- KABI D 000333 2- AAB35009/1 F7

3- AAD53816 Germline ref for Hu Fr A3/x 12690 & 1: VH4-39/ AB019439/

Al19/ X63397 BAA75036.1 2: VH2-5/AB019440/ BAA75057.1 Kabat |D sequences
referenced herein are publicly available, for exanple, fromthe

North tern Uni.versity Bi.onedi cgl. Engj neering Departnent's Kabat Database
of r Se\aﬁan;sreg\‘c‘W @é PB& kmﬁ?a ‘%‘SPE‘Q\“? fureey é%‘f (3) s meunidn brsdesiconal 5
structural iﬁﬂﬁi%&&tfﬁbhﬁ@ffsoéﬁk’é& mﬂiaﬁ%mf;ﬁ&‘crgb&l@ﬁisgﬁ{eﬁ' nis publicly

avai l abl e, for exanple, rom the Research Collaboratory for Structural

Bi oi nformatics' Protei Mhedetdvigsikscrippbaliove ThebdBmeriminetngilizng lam;cmzo ggl e via
the World Wg; i< b4l - i 4 .Be t

Nl ei ¢ Aci 0o Sy VRS Afsi S ol el g, TR Bne Rytosbianiod

herein are pRiB)-i AFtjvitigsanan b kssayedsithenimmiyb éo.g.f nsimg l‘abded\lat_samailploﬁ‘em er fo][ 10
Bi ot echnol o f; | : ); se _of sequences.in collections o
lgh, Ig kapg%ldyd;rllﬁgggé teg%élggg%r%g%gg ’gélr’%ééa“(‘g’%s % SB?W%‘?SO‘%"?S@C{‘WB a

Nat i onal Li bubjegt)ofAcheitieciande agshiydd) either diteetiNat indinedtlyl Drsédriaihipsfegbd Heal t h

D R e L
anti body of asbayepr 8sdrendpoints eart beosssayed irelivisg fibject (kigght arifal ode gy i Si Ng a
vari abl elOdoer.zHeiﬁa%mg lalisgaisg 9 A subjects, for example, undergoing immunotherapy) |

using non-invasive detection methodologies. Alternatively, such endpoints can be

assayed in subjects post mortem. Assaying such endpoints in animal models and/or in

human subjects post mortem is useful in assessing the effectiveness of various agents

(e.g., humanized antibodies) to be utilized in similar immunotherapeutic applications. In

15  other preferred embodiments, behavioral or neurological parameters can be assessed as

indicators of the above neuropathological activities or endpoints.

3. Production of Variable Regions

Having conceptually selected the CDR and framework components of

20  humanized immunoglobulins, a variety of methods are available for producing such
immunoglobulins. Because of the degeneracy of the code, a variety of nucleic acid
sequences will encode each immunoglobulin amino acid sequence. The desired nucleic
acid sequences can be produced by de novo solid-phase DNA synthesis or by PCR
mutagenesis of an earlier prepared variant of the desired polynucleotide.

25  Oligonucleotide-mediated mutagenesis is a preferred method for preparing substitution,
deletibn and insertion variants of target polypeptide DNA. See Adelman et al., DNA
2:183 (1983). Briefly, the target polypeptide DNA is altered by hybridizing an
oligonucleotide encoding the desired mutation to a single-stranded DNA template. After
hybridizatioh, a DNA polymerase is used to synthesize an entire second complementary

30 strand of the template that incorporates the oligonucleotide primer, and encodes the

selected alteration in the target polypeptide DNA.

36



12B4 VL CDRs and a human acceptor framework, the framework having at |east
one, residue substituted with the corresponding 1284 residue and (ii) a
heavy chain 5 conprising 12B4 VH CDRs and a hunan acceptor framework, the
framewor k having at |east one, preferably two, three, four, five, six,
seven, eight, or nine residues substituted wth the corresponding 12B4
resi due, and, optionally, at |east one, preferably two or three residues
substituted with a correspondi ng human gerni i ne residue. |In another

preferred enbodi nent, 2 Ezrrani zgg anti body of the present 10 invention has
structural features, ©“f4nd further has at |east one
(preferably two, threel?hef\@jsiébl%egﬁieht)so@ﬁntlﬁ&@xe@BHdQWd%d@é‘chbé/d SpF(e f( 1) bi nds
sol ubl e Al3; bi nds cg gregated A(31-42 (e.g., as determ ned ELI SA) ;

(3) binds AF*hFﬁeiﬂyé‘ﬂﬁéght( ag, Vanalzzl% éﬁsmnﬁ@f Jimars erfwmanizebapbogiedpes) ;. (4)
bi nds AR wi E&?pkﬁ\ﬂyllﬂl&dttcgéltqgastiﬂérgoﬁ‘b%QEImJﬁ'oggFfﬁ% ngt'aﬂ'rte%o@ CQ‘Q%B red to

chineric 12 havi hg nurine vari regi o quences and

human corst aWP’C?@g‘ihétrPf%tqiwn G@El)lm&]@)lﬂlneﬁuataesomg oRRjandaN4 sofuengR chme. .
in an. ex ViyosHhag W%E%%ﬁce%&a&{ell v Jedpr%g ev"apx)ct o%'ﬂgm&? Leifil @§Ses

the blood-brain barrier . g., ermnst es S er m br arnroecatizati on,
for exanpl e, preferably ipmaRlized Bratllsrfm&abam adlesgra, laeditheateI 5W087/026apt her

preferred e;@Q&'Mch @i rgg@“@g%%&%ngé)g% soefn %%&[?'raﬁ%g‘gﬁ%eﬁﬁo i g}\é%ptl on has

struct ural at ur es er el n, Wt h an
affinity suftheentioty will edritain botatlighecimm andeueoify dhhin doadtirovegdishsi Mhy haavy

Feduce | Syel HaBreSESinrat PR BT Hodt CHEEHE: B4 r8r08y Besoci ated
Wlht h aln aITy|mlg@ga’ﬂescr(heddlbdenncl(léﬁ@adnbs&&ﬂh:—ﬂinglﬁgﬂ)ds@fagrﬁtaﬁt regﬁggt Ogﬁd/ o
(61 mpr ove aBE I 5 B0 b e e e PR Bt B B e i

humani zed aringoN%enflt is desifed @ thic anfibbdg(é.g.Q Puhfsz&it dntiBddyl) a;lhﬂi:ﬁ@}ftétbﬂ& as
descri bed her and s inds to an ope conpr|S|n resi dues

ficall

S ot Ak sty e SR ermeads il Fompean: s fPS A RIS WA ¢ he
present 1530 ammnwlemyhgensnumthq}pefrgat $eSerrad Iglgﬁtceuuhmanskm Righbns bi nds
to an N-term[rllg |topg H.Eg %‘bg gb binds to an e eW|th|n
amino acids g ,&f))o PRa- Wpanited 2p °d§5“arye“tﬂ’m?i“ﬁﬁseﬁi‘§) Ve FaTte
l evel s; (2) th&d q)ie&ttaseoxbxlsiditgiﬁa‘.l ArtibddieS ¢ant e xpRiet tak CetlatheR@Bnt@ining 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 variable domains are

20  linked through a spacer.

J. Expression of Recombinant Antibodies

Chimeric and humanized antibodies are typically produced by
recombinant expression. Nucleic acids encoding light and heavy chain variable regions,
25  optionally linked to constant regions, are inserted into expression vectors. The light and
heavy chains can be cloned in the same or different expression vectors. The DNA
segments encoding immunoglobulin chains are operably linked to control sequences in
the expression vector(s) that ensure the expression of immunoglobulin polypeptides.
Expression control sequences include, but are not limited to, promoters (e.g., naturally-
30  associated or heterologous promoters), signal sequences, enhancer elements, and
transcription termination sequences. Preferably, the expression control sequences are
eukaryotic proinoter systems in vectors capable of transforming or transfecting

eukaryotic host cells. Once the vector has been incorporated into the appropriate host,
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neuritic dystrophy associated with an anyl oi dogeni c di sorder. The
activities described above can be determ ned utilizing any one of a

vari ety of assays described herein or in the art (e.g., binding assays,
phagocytosis assays, 5 etc.). Activities can be assayed either in vivo
(e.g., using | abel ed assay conponents and/or imaging techniques) or in
vitro (e.g., using sanples or specinens derived froma subject).
Activities can be assayed either directly or indirectly. In certain
preferred enbodiments, neurological endpoints (e.g., anyloid burden,
neuritic bur‘HEhOSte‘tf@)‘mQﬂ@d ua@zamtlonsawlfﬁbéﬁn@pbughﬂwebmr%someémyed i n I i ving

subj ects (€. Qicieotilfle f’é&héﬂ%s IRERE SofdetidPadd ;ﬁlgl?amn of tl'@ c?@s@rsegctﬂxr anflbd)

subj ects, for exanpl €, undergol ng i nmunot non- 1envasi
det ecti on net hodol ogi ddeseMxpessiat vmtplryqreswdﬂallemj:ﬂmab’«tmtbahosbergamsmayed in

bj ect t t d/ [
P sub) oot o PR A el Bl e O R et PPN A Aol "o

vari ous d&gerexpresgien gec,torhctmmn zc&ebnantnaﬂcmh @), ampxdﬂenuésndtarzzedaygfbnsycm-l ar
referred enbodi nent

|nnunotheraqgunlc afg §t|0n§ nE?S ot.her .

behavi oral of neur ol oG CaTe HHrANE ?“Xﬁﬂr‘ﬁes AWELHIERHYHE reﬁ‘ﬁ‘i‘iﬂcﬁ ors of the
above neur opaihildegttidl of dgisé Vélkltﬁﬁsfgﬁndﬁﬂdﬂﬂﬂhaﬂ&gefDﬁ wdluﬁﬂdeerte@fe guari a:gl e
Regi ons Havi conc the CDR an ramewor kK conponents o
209hunan|zedQ&HﬁUﬁ ﬁ@gng%EEg@4 iety of nethods are avallagPe for

produci ng such i nmJnQQlc&lbidbhﬂﬁrokB@SﬁWﬁ&t partiba1ydReRN R dlovingfthd he code, a
vari ety of nu l ei c @%§§?% yences W || encode each i nmunogl obulin am no

aci d sequend® y“l”ﬁ1€° lﬁ\cﬂe&‘i‘eé’cesél?f the Prsgent invertiony (Pther icerbidd Besthy de

novo sol i d- phasge MSéf{lBﬁJb@Sdcﬂlnosl’ucm{s E’@lus@%t@geﬂﬂsdtﬁerQf’lteﬁma@t@r‘idck&r
prepared variant of the desired pol ynucl eotide. Igglonuc eot i de- nedi at ed

mut agenesi s UM 85 YplBenelpcteriasermid vaapusdrsewrtomones @Gﬁ‘S%l dhgseprokagyetiet j on and

insertion vajok@¥re @h alk@aRe expRsYiBEREdSIS, wm gﬁgplé\ﬂ dPRRiELxpRdssion DNA
2:183 (1983). Brlefly, the target polypeptid i s altered by hybridizing

an ol i gonucPBER |%@“@%GSWHQ‘Q‘%E“H@MO&FCW &t #oerigin ofrepli¢aipe). dar anded

DNA. t emlsat eddibohdny nliBES di"azv‘a.ﬁétg'&f w@ll%ﬂgrlmréﬁl besprjésceﬁg shéh %Y hesi ze
an entire second conpl enent ar strand of the tenplate that 1 ncorporates

t he ol i gonudPEREiPIRMHET SYsle™, Hiyptaphand&R) RrermotesisiEr: é@etaﬂ@cégxaqsp OFPMRaieTt he
target polypgfbhmdsr MomotdPsydtem¥pbia GhidNarbdaCome hAMotBe Wi Bically control

expression, optionally with an operator sequence, and have ribosome binding site
sequences and the like, for initiating and completing transcription and translation.

20 Other microbes, such as yeast, are also useful for expression.
Saccharomyces is a preferred yeast host, with suitable vectors having expression control
sequences (e.g., promoters), 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

25 dehydrogenasc, isocytochrome C, and enzymes responsible for maltose and galactose
utilization.

In addition to microorganisms, mammalian tissue cell culture may also be
used to express and produce the polypeptides of the present invention (e.g.,
polynucleotides encoding irhmunoglobulins or fragments thereof). See Winnacker,

30  From Genes to Clones, VCH Publishers, N.Y., N.Y. (1987). Eukaryotic cells are

~ actually preferred, because a number of suitable host cell lines capable of secreting
heterologous proteins (e.g., intact immunoglobulins) have been developed in the art, and

include CHO cell lines, various Cos cell lines, HeLa cells, preferably, myeloma cell
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The variabl e segnents of anti bodi es produced as described supra (e.g., the
heavy and |ight chain variable regions of chineric or humani zed anti bodi es)
are typically linked to at |least a portion of an imunogl obulin constant
region (Fc region), 5 typically that of a human i nmunogl obulin. Human
constant region DNA sequences can be isolated in accordance with well
known procedures froma variety of human cells, but preferably
inmortalized B cells (see Kabat et al., supra, and Liu et al., W87/02671)
(each of mh his.i ngorated by reference inits entirety for al

pur poses) . ﬂ‘?sn%rrtﬁnfrfo ¢dye-cghi g E‘S‘ld%i‘qsi PeeSerebliyrthe otll4 21 RbuBami n and

heavy chain gopgistlvet@a B fese Cals &aNAMudedxpRialish CHSE @fterc&ILAR JsHal |y
i ncl udes CHL, CH2, CH3, and CH4 regions. The antibodies (?escrl bed

herein incl uﬂ@o‘ﬁﬁ?fqﬁb‘éﬂ“@ﬁ’ TRIOTAKT. 474 ap grhagces(Quasnet ant/mmeneloRey, 89:#%cl udi ng
IgM 109G | 9898k AndReces ﬁ}gﬁ@&sxﬂgm&%éﬁ% es! &ﬂ) Hﬂhﬁ'&olng ﬁtgsﬁgsd dl 9G3 and

| gG4. When it is desired t the antibo umani ze
exhi bit cyt oRBY wlicegitesnolxadenyintion eitest mtf@mtlnnalsemmrlswlanmnpl errent

fixing ConStmtfer%QrEﬁ?r@?]smcﬁ?BQ&s Shefil ASPe ramkaepg&eﬁbéyﬁgﬂﬁm uh TR, S Ot yPe

lgd is preferre al n constant ‘regrons ~can Mappa.
The humani zeaelunts\tﬂ@dgdenm\ymmvpmes)eplﬁenpaemesytbmgalqmns and tbarhkenﬂeecd:ass or

i sotype. Ant di d as tetraners containing two light and
two heavy ch%}ﬁa(r?léjeiglén(i‘ggl g&aﬁagﬁg%\? chains, light chains, as Fab, Fab’

F(ab')2, and Fv, or asltmamghlg, amltihbdy-emhngmdm@smdan\hhmbrpb&maﬁnand l'i ght
chai n vaié able dOfTB.I ns_.are 20 .linked thro I’eSSI on of

Reconbi naht ARFPBSHG M HISRRHgR it thedgeﬁ‘ﬁﬁ‘ﬁﬁ?gga"s& I?F 6’8813&%“‘*6?% Y cal Iy
produced by expesseiobimtaimiloofttestinggenicNnithali @eeaelg] Debsee @GN § gchlwsamd heavy

“neertod | ntBoERyTSaa0hAsC dnf Bl ek vb S e” B Eoteard eiene. ol oned

in the sane efdin sef@nedtfoclight &&B(brﬂi&a%eﬂiaﬁfsSn oﬁﬂ:lmﬂcage@ﬂﬂlatp%nﬁmmng
|nnunoglobulln chai uences in the

bns are OE@’._F? y lipked to contral

expressi on vEREY M AIRMBAY & D ISREF RGBEsUFR A GFeip BB‘FGSGPFW

pol ypept ides. Expr esSlrh@Wea&@kbﬂhnﬁ@%@ﬁﬂﬁﬁmleﬁﬁhd&ﬁuerﬁéﬂof’chﬁt@reEIQE gl i@ ted
to, pronoter g a1 an}éaé é 30 associ ajed or. het erol ogous proErDters)
si gnal sequelfRe¥ A Lighy h Egp g ffavences and exprsssion poRtrol seafienchi)fat Pe
sequences. Pdf&fs&mblim’o tHehOstXP b¢ $/211 XhowR Rletlds, %ﬁww&ep%ﬁ&n§ SRRy i C
pronoter sys ng or transfecting

ors capabl e of .transfo
“eukaryotic hﬁﬁ‘(‘}éﬁ Cl'IGﬁ gcelét%? hlpride tim Cti"iﬁ‘dﬁ)i‘%ﬂf’a‘%‘é&t‘¥‘7{'f’9(§°‘t he

appropri at e pe®dryotic cells, whereas calcium phosphate treatment, electroporation, lipofection,

20  biolistics or viral-based transfection may be used for other cellular hosts. (See generally
Sambrook et al., Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Press,
2nd ed., 1989) (incorporated by reference in its entirety for all purposes). Other methods
used to transform mammalian cells include the use of polybrene, protoplast fusion,
liposomes, electroporation, and microinjection (see generally, Sambrook e al., supra).

25  For production of transgenic animals, transgenes can be microinjected into fertilized
oocytes, or can be incorporated into the genome of embryonic stem cells, and the nuclei
of such cells transferred into enucleated oocytes.

When heavy and light chains are cloned on separate expression vectors,
the vectors are co-transfected to obtain expression and assembly of intact
30 immunoglobulins. Once expressgd, the whole antibodies, their dimers, individual light
and heavy chains, or other immunoglobulin forms of the present invention can be
purified according to standard procedures of the art, including ammonium sulfate

precipitation, affinity columns, column chromatography, HPLC purification, gel
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37 the host is maintained under conditions suitable for high |evel
expression of the nucleotide sequences, and the collection and
purification of the crossreacting anti bodi es. These expression vectors are
typically replicable in the host organisns either as episones or as an
integral part of the host chronbsomal DNA. Commonly, 5 expression vectors
‘contain selection markers (e.g., anpicil | i n-resi stance, hygronycin
resi stance, tetracycline resistance, kanamycin resistance or neonycin
resistance) to perm.t detection of those cells transformed with the

Gost red D SeBRuRYs piEbS fke 5o Sencialy SrapescPralein PR CPARSPIAETOlFT62) | £
coli is one Rrokaosdy.i Subi@stialBaduré MtheddglobUBRf dfat feddt abbRMONGosHRe 10

pol ynucl eoti des (e.g., DNA sequences o# the present invention. Oher

m crobi al hoB3qrBogeatift apPrEfarsd, anddsite 2P’ meschamegengicnod preferesd, fans
subtilis, anghehhQui&nh&sobacteriaceae, such as Salnmonella, Serratia, and
vari ous Pseudonbnas species. In these prokaryotic hosts, one can al so nake
expressi oh vectors, which will typically contain expression control
sequences conpati bl e W{%pﬁiggfhgééaﬁpll (e.g., an origin of replication).
In 15 addition, any nambe ety of well-known pronoters will be
present, such as the Alsectantempistedwithin thessopewf the instapt iopéraion @teran)ibgdyonot er
system a bega- ] r e )| r . Syst f.rom phage
Chmbda, The: SAEHaR: MBS pRbRIBHE, ol EnaPhuloh 008} BlimHE b RBoF el T
an oper at or weygded cln,anather dnzshodiméntdsagmentsiofi blurnanizdidtaatisetjercnre povaladl t he

i ke, foryinkti.at, | et.lng transcliption and transl ati 20
e 1000 bl R PSRRI A B At SR b
Sacchar oy cel)’j andanqre gfpématle d0Y@adsl Mo Humanizet astitioda ilagmues trahusle Beparang

expression contragl . s ences (.9, | ters an.origin of repljcation
t er mi nati oncl%eg‘éﬁghna(':’éssﬁ%ﬁ 89%%5(% F%‘?’ lfgb : 5@{’ gg?f"?ceﬁl?'d Iﬁ/gf réﬁ‘?‘g’btf oY ‘2.5111864 Hel ude
3- phosphogl yreesmtiigark DINS echriiques) iy egkyaaicyor chemiedl Zypaaionl oTéutadt bl e yeast

pronoters include, gqnng ot hers, pronoters from al cohol 25 dehydrogenase,
i socyt ochr onBMOBIRAYIIR, v res responsi bl e for neltose and gal act ose

may al so be used to expt the pal. ‘
invention (e.g., pol?x- St e ERCoth- g T HTHEg o Pé’g*
thereof). See W nnack@roum®dfFromvoiir 0RSPD APKirideasich MelthjBetbd wherssng N Y. ,

N. Y. (1987). karyotic cells are
( ) P&Jofa po¥ycsonal antIJ-AS or specific anti-Ap monoclonal antibodies. All antibody

preparations are purified to have low endotoxin levels. Monoclonals can be prepared
20  against a fragment by injecting the fragment or longer form of AP into a mouse,
preparing hybridomas and screening the hybridomas for an antibody that specifically
binds to a desired fragment of AR without binding to other nonoverlapping fragments of
AB.
Mice are injected intraperitoneally as needed over a 4 month period to
25  maintain a circulating antibody concentration measured by ELISA titer of greater than
1/1000 defined by ELISA to AB42 or other immunogen. Titers are monitored and mice
are euthanized at the end of 6 months of injections. Histochemistry, AB levels and

toxicology are performed post mortem. Ten mice are used per group.

30
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actually preferred, because a nunber of suitable host cell |ines capable of
secreting heterologous proteins (e.g., intact imrunoglobulins) have been
developed in the art, and include CHO cell lines, various Cos cell lines,
HeLa cells, preferably, nyeloma cell 38 lines, or transformed B-cells or
hybri domas. Preferably, the cells are nonhuman. Expression vectors for
these cells can include expression control sequences, such as an origin of
replication, a pronoter, and an enhancer (Queen et al., Inmunol. Rev. 89:49

(1986)), and necessary, processing.,info ion sites, such as ribosone
binding sites, 5 WM@M@%WSH% and _
transcriptional terni nﬁk@ﬁv&a&ua@&p@wdeﬁ@ﬂa@ai&Qc&éﬂﬁgﬁmmoes@ibg &ivity
sequences are pronmoters derived from i nmmunogl obulin genes

adenovi r us, cf%aﬁ‘ég%WV‘PWPQWM@Y@WF)%@&PM|a$seela@ giclegical ey, foee Co
et al., J. |mHQieanﬁéﬁ:ﬂl‘l}ﬂ%c{cé%Zhos@eEﬁfd?%HxM@J%amﬁ%'ahW %9)
s°f ni'nto the

sequences can be incorporated in transgene i ntroducti
genone ofd a Hssumsagi fomumibrein obd datirnbwisly ddeheimers disesssionan animehsoddl| k of the

transgeni c agly ch(u%@@nstﬁ: ﬂlzhex%@%‘ihoﬁ’%% couéééﬁdﬁ%?hiﬂi} gég ic cg?ssbeelaﬂﬁ ude

5, 304, 489, and ade et 5,849 sgenes
codi ng sequeﬂbféisretmtorl $ughtis myrdoglial t@la,\@ndehﬁam@odwrmipeueabhexﬂddninag@zmt h a

t fi h
b ‘Dot & | act DIRRERE cqlsth B FRAMALIMUANS 3R Ehe. ehe G e e "' "
sequences ofBVfﬁ@r%B%dlsgo:hmmoriwa@g mlhcgh;b himmereabmﬂiuhg sequences
and eXer)SS|&p‘H)%§gﬁt£8J c§1ﬁg{ﬁg$§r?§}mgrgp OHC shote t? 301]][ {}%g’llcr8ﬁcoelélllilmltg$nélolgtel | For

“wel | - known epéen
exanpl e, calomegmehddsy mdmpterraatsbm:are performed ampavsiley irthe WeR€of £ @fcrotiter

prokaryotic eas, cal ci hate tre ectroporation,
| i pof ecti on, cg%b I%I a SR crdpe Fa’f‘gxbag"érggnfﬁpﬁﬁ?g? gbﬁ&?lbﬁﬁ!?“ﬁté u@‘ga for
ot her cell ulsaparhmsmls c(rSeengenewﬁ.J: YeteHiRAToMOK seth & ELISNQleBetbés AB ONi ng: A

Laborat ory Nhnﬁa | d Spr Harbor Press, 2nd ed., 1989) (incorporated
by referencEPREH ﬁ‘ffF’rag'tyy egies af measyiepisatsdy mags ofdhe arpevioatamyleidd t o

transf orim neEpsdii iathelhizfo febdiod Meixtuhe sﬂdﬁﬁlgq;onpm)é/sgﬁ%lueq;e%rg Mleasdcibiisi on,
| i posones, electrg%@ratlon and mcroinjection (see generally, Sanbrook et
al ., supra)."2SPe d,And Q0 £5 Beredest ¥aly ?gs‘g'é‘ﬁg EhedRicHars The aigedeanes can be

M cr oi nj ect efétdcitdBylsidiag, 'f@xQ;QamBQCMftﬁﬁ ﬂuexres&:ﬂny Qﬁeh&\&:ﬁf&l@; F}&‘ﬁ' of Ghg: the
genome of enbryonic stem cells, and the nucl e such transferred
into enucl egpg'@og@éyf gmyloid pIaques The antibody used for stammg may or may not be the

same as the antibody being tested for clearing activity. A reduction relative to baseline
20  duning the reaction of the amyloid deposits indicates that the antibody under test has
clearing activity. Such antibodies are likely to be useful in preventing or treating
Alzheimer's and other amyloidogenic diseases. Particularly useful antibodies for
preventing or treating Alzheimer's and other amyloidogenic diseases include those
capable of clearing both compact and diffuse amyloid plaques, for example, the 12B4
25  antibody of the instant invention, or chimeric or humanized versions thereof.
Analogous methods can be used to screen antibodies for activity in
clearing other types of biological entities. The assay can be used to detect clearing
activity against virtually any kind of biological entity. Typically, the biological entity
has some role in human or animal disease. -.The biological entity can Be provided as a |
30  tissue sample or in isolated form. If provided as a tissue sample, the tissue sample is
preferably unfixed to allow ready access to components of the tissue sample and to
avoid perturbing the conformation of the components incidental to fixing. Examples of

tissue samples that can be tested in this assay include cancerous tissue, precancerous
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When heavy and |ight chains are cloned on separate expression vectors, the

vectors are co-transfected to obtain expression and assenbly of intact 30

i mmunogl obul i ns. Once expressed, the whole antibodies, their dinmers,

i ndi vidual light and heavy chains, or other immunoglobulin forns of the
present invention can be purified according to standard procedures of the
art, including ammonium sulfate precipitation, affinity colums, colum
chromat ography, HPLC purification, gel 39 electrophoresis and the like (see
eneral Iy Sc worotein.Purificati pri nger - Ve Ia N Y., (1982)).
%ubst anti al | §&§§r“és“uenﬁﬂ‘ﬁ UMY 534 glaééiv S gboates g“ﬁ%‘“@ﬁ@é Witmogenei t y

are pref er r epathagenic Hcroorgafi¥me] tisswy idfiharasanthilymiRly S.f esicrtariddr
phar maceut i cal%ﬁses nti body Frag gEnt s Al so cont errpl ated within the

scope of t hePihUpsish! “Iamféﬁﬁ?t&ﬁe‘éi: Is {engr BRERPUS perigriitystisspe,begrine aeeat nent

fragments of arigenspadPedar @R6Y. %x&mé&ws@m@é@tux&egba%nﬁﬁ& th&Al@Ybdgdq 1N
anot her enbodi nent, fragnents of humani zed anti bodi es are provided. 10

Typi cal |y> tHgkde I’*paﬁf?éﬂ'@%eé%ﬁﬂ Yirusess protqolyearsi arigens afotzanpatgegenisi t h an
affinity of At leasi Smslglé'l a AR Bd b %ﬁgldc%%c}l% g\gchl(ﬁ?gerﬁ umani zed

anti body fragments inclu rate eavy char ns Fab, Fab',
F(ab') 2, Fabebtaipgddfrdm natﬁraégqmmssreacpreblpm@hswe:{:hdny:r chenmmﬂswnmashs B&iéng

techni ques, gf epar a n of i t.
i nunogl obul é}n?srweaﬁg ; re s etsamd’q%ﬁl{i} iat glofg)Ig“:a't ef’ﬁé% £ cgﬁtf‘?tﬁgﬁft?i cacy in
Ani mal Model phag@ayte pdlsmfcaﬁnQFmd:mom,l sdchaAEGhd@yteEolexamlﬂogHchdlle,j adhed W th
0.5 ng i P I naI an CIfIC ant noc| onal
ant i bodi gbs %%P&% t?% 3ye B raérf)ear a | o a““gg A tf%t"rlia{’/rg‘ °§Wale‘°1?88f oxi n
| evel s. Monowoidertadtr cean ngm msemaeld Rih dgantist Iﬁt}ferlatgaremanlay thélplgedtiing t he
fragment or 15 r 0. a, npuse reparin bri domas and
screening t heqﬁgg r%gésg?]&g Cghe #’f spBe8PCY R ‘@Hb@leﬁ’ I i‘,JsuegnaIgmpgh a
desired f rag'mbntcembnl&( thewantibalytanh ibivdodigil bititp (BRetiMes Mith ah afptiRgd f r agnent s
g](;ri 'g‘;l IOM Caentlge[n are I:on?ac?eqi wit ttraé% %He%‘ € gxacl ad&ng?hen%%gggrng\ég{s al'hé mont h
15  concentration of the biological entity and/or the associated antigen remaining in the
medium, if present, is then monitored. A reduction in the amount or concentration of
antigen or the associated biological entity in the medium indicates the antibody has a
clearing response against the antigen and/or associated biological entity in conjunction
with the phagocytic cells (see, e.g., Example 1V).
20

9. Chimeric / Humanized Antibodies Having Altered Effector Function

For the above-described antibodies of the invention comprising a constant
region (Fc region), it may also be desirable to alter the effector function of the molecule.
Generally, the effector function of an antibody resides in the constant or Fc region of the

25  molecule which can mediate binding to various effector molecules, e.g., complement
proteins or Fe receptors. The binding of complement to the Fc region is important, for
example, in the opsonization and lysis of cell pathogens and the activation of
inflammatory responses. The binding of antibody to Fc receptors, for example, on the
surface of effector cells can trigger a number of important and diverse biological

30  responses including, for example, engulfment and destruction of antibody-coated
pathogens or particles, clearance of immune complexes, lysis of antibody-coated target

cells by killer cells (i.e., antibody-dependent cell-mediated cytotoxicity, or ADCC),
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25 maintain a circulating anti body concentrati on neasured by ELISA titer of
greater than 1/1000 defined by ELI SA to A0O42 or other immunogen. Titers
are nonitored and mce are euthanized at the end of 6 nonths of
injections. H stochem stry, AP levels and toxicology are perfornmed post
nortem Ten mice are used per group. 30 40 8. Screening Antibodies for
Clearing Activity The invention also provides nethods of screening an

anti body for activity in clearing an anyloid deposit or any other antigen,
or associ at ed]bi olﬁﬁbcal enti t‘%{, for, which clearing activity is desired.
To screen fof*' 48t PV IH3MEyaRediainrsaPiaesial trarsies of entibediss,iand soptrod afipl e from a
brain of a padmewigiobulil pAddiiphier' s di sease or an ani mal nodel having
characteristic Al zheinmer's pathology is contacted with phagocytic cells
bearing an Fc recept orccordingly. depsrdiecip 4 partiqudar therapaytie arikiagaestichody under
test in a Megipliation, thk abdve-metiSnA iRERME LfctiORS, lof o3 RelBfe FintHid ?’ctighg ture
or acell_line, and can be of murine (e.g., BV-2 or C8-B4 cell's) or human
origin (€& g.maypgpdesiraklp| By altgringghedEc regioned the antibodyovarionpaspests of thee conbi ned
on a m crosc ' iobJ.Lat ] ' ' ] . sonme

Tot hods. | mul Erels i egat PEhERiolickis g SFEARLE TRl Pkl roaP QS
mcrotiter efitBhimmynesyystemawith bereeficiaheffestsan diagnesisvindtharapynmire maisede sl i de

can be mounted in the l. N croscopi ¢ _det ection
format, such as ELI SATJ%?Q@EQ?%E o\g?JeA’?%ané%%e%% g‘é‘ﬁ’? ecﬁ’?ﬁ‘?éfﬁé’fﬁ ch?y g“geri es of
measur ement scertginitypks of Fe tdgeptanspion exapipla ity wititlodies efelxoiaivéntion céirthiee i N vitro
reacti onygm . t i m _a. basel i ne val ue .bef.ore the reagction has
proceedeléj,T1 ghg&gﬁde%obﬁﬁ&n%%b{%g? ’"3%’| Ge L°(§‘°hr° f Hg‘efLﬁeg’ ﬂ%@aﬁﬁ T%?‘P?“ﬁ‘l’éjcl%ti gen can
be det ect ecenbiyelntheideletign of dteratioa wpihe, Fewedeptoabinting sizsemed in thabetegibn

anti body to 0, r ofponent, of. a i | agues. The .antibody used

for staini ng@a@&éﬁgﬁgyoﬁgﬁJ’é%éaﬁﬁ%gte%gﬂﬁnxg@e? ﬁgegéﬂ%ﬁ?%a{}t%gb’ﬁ theest ed for

cl earing actinvéntipn ark catathged belowr Jlypicallyetht Kabatsambeeng2dstniris Ggditbe reaction

of the anyl oj eposits .indicates that, the antibody_under test has

cl earing act'f“\gl%lc%f/%gﬁlcaﬁ‘"é%ﬂ‘ﬁffaﬁég(s)a‘%léh? P ?(@W“t(ﬁg'béf"tﬁ’slé (JFtbedyhe®venti ng or

treatingls Alateeidreg!, by anthoatidenbaimtion) #ogedi6 adiieeasesiredRabideGhl bAtdiyr usef ul
treati,n er anyl oi.dogeni c

anti bodi es f . or L0g. or Al.zhei.ner's and. oth
di seases inc {;Jccﬁ’eogt %ggﬁhg%ﬁgﬁysem%f‘s ?:lfqg?i?‘?lﬂﬁe%k}%fz?f“%%ﬁﬁ'&@?d‘ﬁﬁﬁcrﬂﬁsfsf’i%@
anyl oi d pl aguesthaf ndeszadeffdcer firttiod 3628 i Tor dxafyle0f mbhi ahfTBSBNEan

i nvention hi meric.or. humani zed versions thereof.
' Yenbr systematxcalily engqgeered%nto a human, human?zecel, or chimeric antibody of the

invention.

20 For example, it has been observed that antibodies (e.g., I[gG antibodies)
can be grouped into those found to exhibit tight, intermediate, or weak binding to an Fc
receptor (e.g., an Fc receptor on human monocytes (FeyRI)). By comparison of the
amino-acid"sequences in these different affinity groups, a monocyte-binding site in the
hinge-link region (Leu234-Ser239) has been identified. Moreover, the human FeyR1

25 receptor binds human IgG1 and mouse IgG2a as a monomer, but the binding of mouse
1gG2b is 100-fold weaker. A.comparison of the sequence of these proteins in the hinge—
link region shows that the sequence 234 to 238, i.e., Leu-Leu-Gly-Gly-Pro in the strong
binders becomes Leu-Glu-Gly-Gly-Pro in mouse gamma 25, i.e., weak binders.
Accordingly, a corresponding change in a human antibody hinge sequence can be made

30  ifreduced Feyl receptor binding is desired. It is understood that other alterations can be
made to achieve the same or similar results. For example, the affinity of FeyRI binding

can be altered by replacing the specified residue with a residue having an inappropriate
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Anal ogous net hods can be used to screen antibodies for activity in
clearing other types of biological entities. The assay can be used to
detect clearing activity against virtually any kind of biological entity.
Typically, the biological entity has sone role in human or aninmal disease.
The bi ol ogical entity can be provided as a 30 tissue sanple or in isolated
form |If provided as a tissue sanple, the tissue sanple is preferably
unfixed to allow ready access to conponents of the tissue sanple and to
avoid-pertur formati,on of nent s |nC|dentaI to fixing.
Exanpl es of n:&gg%aégrsoéﬁ% L n%ﬁ%amc%b)blgg?‘gﬁ%d‘ rgefl functianal gropp, 4 g, g@lu
cancerous ti ssAep)qummplleausroManthzspelar ieslasa@iqn;eary}l &Arpeni gn gr owt hs
such as warts or noles, tissue |nf$cte ogeni ¢ mi croorgani sns,

tissue infiltrated w t RSRFTAREED §e%‘|§‘|”P’§p tefiégthé’ TR Hgnanpadie ogi cal

mat ri ces bet wpeiingCgildnahé seq@ence hbibiogpbewled dh@@[f?@rédt%muﬁ ﬁ@dﬁn@%‘ﬁésng
aberrant - ani)l gens, and _scar tissue. Exanples of isolate ol ogi cal

entities fhaPeRSHOWR that fg hemamlaGiywhisp b"'ﬁs tathe anmian EaR] ovceptior, gm;ng
prot eogl ycangey, g4 ﬂogﬁlﬂﬁeéﬁfoyﬂh@%teﬁ@ﬁ QRN futahl 15 &gr% 0t r@e bindins
e °bb eén% $m

antigens, and adhesi on nol écul es. Such antigens can

nat ural sour é&sghis F@emﬁlmanah%tbeewpd@slmm switche ofif lyahaksnthb egirgpriatnong

ot her neans. [bgohi ssue sanple or isolated biological entity is contacted
wi th phagocytic cells bearing Fc receptors, such as nonocytes or
mcroglial cells, and Mntationsamtadmoeht otdomitte'mtthdhmge hnlRdiotie.g.The anti body

can be digec r . test.or.to ntigen
associ at gg Wl}e?ﬂd Hﬁg@%ﬁ;{e?t&ﬂ 9?6 &?%137(24}} %'ymdlca @éa[t iag atiqng [n 88?%"6?3552%% o test
whet her t he B36hod2i7dt l@ﬂltaffeyt afﬁmmﬁvgﬂtew&dcdﬁtdrh Alcbgrdinplyl @eantiddans! |y,

al t hough not ecessarl tge ant g bi ol o ical entity (sonetines
with an assof %g}yergmn. 5%ﬁ55° %1Vreea“ %f'é?f‘% vith H”BP‘H@F affiatyfas addi ng

the phagocyt FeReal baanpaT&aauﬂEme@ﬁﬁeme&aﬁt%dw sﬁéﬁ%%%d&g'&é\lem‘%ﬂﬁ ﬁ Aand/ or
t he associ at ed@gigeqq gen remaining in the nedium if preSent, 3{

noni t ored. AP N amopRid rendieml34o33Se dife en2ifat i on of ant| gen or the

associ at esl bi ol ogi cal £ihit} Yoriothel P& redBslbd b HOliALAS, 4 té(}ﬁn VL% flas a
clearing resgwnsa]ngﬁhallnst the anti. gen and/ or associ ated bi g| calf entity

in conjuncti & HEPG A5rBeYse iR didlsTent weYsee, e.g., Exanple 1V). 20 9.
Chi meri ¢ /Humani zed A PReh&exiiayiede %E%F&p@nﬁgBﬁgcpe[nn’éb'd]&?stﬂoﬁ&mﬁor the
ing a

above-descri bed anti bodies of the invention conpri const ant
binding of the CI component of complement can be altered.

The first component of the complement system, Cl, comprises three
20  proteins known as Clq, Clr and Cls which bind tightly together. It has been shown that
Clq is responsible for binding of the three protein complex to an antibody. -
Accordingly, the Clq binding activity of an aritibody can be altered by
providing an antibody with an altered CH 2 domain in which at least one of the amino
acid residues 318, 320, and 322 of the heavy chain has been changed to a residue having
25  adifferent side chain. The numbering of the residues in the heavy chain is that of the
EU index (see Kabat et al., supra). Other suitable alterations for altering, e.g., reducing
or abolishing specific Clg-binding to an antibody include changing any one of residues
318 (Glu), 320 (Lys) and 322 (Lys), to Ala.
Moreover, by making mutations at these residues, it has been shown that
30 Clq binding is retained as long as residue 318 has a hydrogen-bonding side chain and

residues 320 and 322 both have a positively charged side chain.



region (Fe region), it my also be desirable to alter the effector function
of the nolecule. Cenerally, the effector function of an anti body resides
in the constant or Fc region of the 25 nol ecul e which can nedi ate bindi ng
to various effector nolecules, e.g., conplenent proteins or Fc receptors.
The bi nding of conplenent to the Fe region is inportant, for exanple, in

t he opsoni zation and |ysis of cell pathogens and the activation of

i nfl ammat ory responses. The binding of antibody to Fc receptors, for

Cport ant _and di ver se- SRSTSHAROPbardE sRuEE by sy PEToldh e,
engul f ment  asetcdfisd residuts with efesiduiihbeidy ar mapRdpriefogRRAsityQ iRATdeichhRS

1 er ool sttt B REe LR o gl E et Rl reoio R onleauiind oo Gyloh 630 brepe. br
ADCC) , 42 r elsedsogosdible nf santhat sikyl-siubstitae® hon-ioRlcarefitied! subh ahsfyelie Afeu or
ant i bodi es, Q,nld conf]rol of i munogl obul in production. Accordingly,’
dependi ng® on ' & 85T BGTape P%P%ﬁ’eﬁgflt&“&? P, dgno<e red Pryjpiplasef any one o

above- ment i otedhrediresiagesfin Bfdel @iBoliel C1gindike 18 SiBHod, WY 880 bUPGLHYS: 5 may
be desirable. Bﬁ altering the Fc regjon of the antibody, various aspects of
the ef f ect or “SESHEY PURH nGR- 19t residhesasiSer. ThaGyscandMetrinalees offesidues 3pPrmt si ng

vari ous reacsinest noobid, hﬁorhmyaﬁolﬁnﬁlf%dmgfa&m%ﬂe” cial effects in
di agnosi s and therapy, are achieved. The anti bodies of the invention can

be produced whi ch readtisalsp potgd that thesidgichainy greionisfor Reniaieptlanrssididesr

exanpl e, 14 hewantd Btkb 8§k [ L : 1fied tg bind . to only
certain Fc rvevc,ept ors, or i fd} es:b%ﬁfm Fg{:&l}l&ﬁ@ agxgeéé%%hg%ghﬁuntgmegd%yethfl ﬂlél y, by
del eti on or %Fifes dhreferereplacempnt of theeldBEG 1 iresitiue dpy 9ipotar roohit edhyinmdifye Fe

region of the nefboRGANg biddil actliéy. " @bl € al terations of the Fc region of an
anti body of the invention are cataloged below Typically the Kabat

numberi ng system i s udggalsekniwnithetreplagihg odsidac29b(Axn) ditheda thei(ssy of the Fc

region (e.g. : af i V. | t.er : m.nq.acid
substituti op;);migtr,lal%? %’?%wgﬁ? %vo)éﬂygﬁ@é?rregam%ég%‘g%e E‘F?é’é%P a(%f"ﬁm'ct i on.
The nunber i nigr Sias tThwn dltsratibs destnops thy glycosylationpias andahé plesdicesf @S ErakPeCi €S
such that a ' . exf &ﬁrﬁf ' bser in...for anpl e,..a nouse
ant i body, catﬁﬂq% %eg%r efglgystelerrr;é%}?gg}‘{ggorgné?%étg&eshQ‘ftﬁ‘ftbonaa?ﬁﬁ%.}r‘?,w‘”&}fﬁni zed,
or chineri c dearoibeglyodsylatien sitmavent i on. 20 For exanple, it has been

observed that antib Od'l'ﬁcs in(lgnt%n’aléo%%\gcr!]etsIaplggtlibeo%l' having an altered effector

function wherein the antibody has a modified hinge region. The modified hinge region
20 may comprise a complete hinge region derived from an antibody of different antibody
class or subclass from that of the CH1 domain. For example, the constant domain (CHD)
of a class IgG antibody can be attached to a hinge region of a class IgG4 antibody.
Alternatively, the new hinge region may comprise part of a natural hinge or a repeating
unit in which each unit in the repeat is derived from a natural hinge region. In one
25  example, the natural hinge region is altered by converting one or more cysteine residues
into a neutral residue, such as alanine, or by converting suitably placed residues into
cysteine residues. Such alterations are carried out using art recognized protein chemistry
and, preferably, genetic engineering techniques, as described herein.
In one embodiment of the invention, the number of cysteine residues in
30 the hinge region of the antibody is reduced, for example, to one cysteine residue. This
modification has the advantage of facilitating the assembly of the antibody, for example,
bispecific antibody molecules and antibody molecules wherein the Fc portion has been

replaced by an effector or reporter molecule, since it is only necessary to form a single

45



can be grouped into those found to exhibit tight, internediate, or weak
binding to an Fc receptor (e.g., an Fc receptor on human nonocytes
(FcyRl)). By conparison of the amno-acid sequences in these different
affinity groups, a nonocyte-binding site in the hinge-link region

(Leu234- Ser239) has been identified. Mreover, the hunman FcyRl 25 receptor
bi nds human 1g@ and nouse 1g&a as a nononer, but the binding of nouse
lg&b is 100-fol d weaker. A conparison of the sequence of these proteins in

t he hinge- |jnkcrnegio hows .t.hat the sequence 234 to 238, |

Lou-Lewsal y- EPYTHE BT THEMSHRG s (30 mim oo Bopertie arsst feptaching v ingr o | 1
nmouse ganma l%lgxonlelther to\aBétKerthifdeESion AC6 Ah @FBAbYor répdrRF meRBAAdiHg change in
a human anti hi nge sglqﬁnce can be made 30 if reduced Fcyl receptor

binding is d '§‘7° ¥ gr indjregt Gl Py dhpmicabmpans. al terations can be nade to

achi eve the sane Or Sl(D%dv@fsel"yetﬁb'hﬁrﬁber%@Eyﬁéﬁﬁ‘é‘Rgﬁu Ll d{ge'?{:lélgxhg thECYR
bi ndi ng an blg ltered b repI aci ng the specifi e resi due a residue

havi ng a P ’rsll%ﬁr%"‘se dorrexampleoH dgasiensupore thantthe mndmh%nmn?uwy byarrpl .
or_.ex
i ntroduci ng @ccﬁﬂﬁh"g&?ﬁeiﬂxh‘ P&fdu@@%cr@isﬂ'l‘bg.hé fiu ?ler ogcystelu% Seéa% 2 bd ¢ ised 3

an aromatic non-pol ar resid €se ¢ s can
be equal |y afi#hilizsdhe Blt%rméwnﬂbween adiasent hinges Aaothersgzlsmaw ofjihien tgeb
sequence ho t obull een
shown s hat 1 e atetenlif G rbfdls GELE b HHE O R e it eser

changi ng LeLFeB‘BFPFWIGU?PS@e@F@bVSdam@oqiy;tferrmmptn;\aufdndlktel mut ant Lo; t he
recept oryg The bindin t can thus swi tched on or
svmtghedwoff by naklg&dchl%m%fqhe'm%%léﬁ Oqu%f'ifO()rr?ne aﬁﬁ MNE§fegiefSacent or
close sites beﬁwqm@nhbWeclassqskmrpegncohr (gGglassetOandphaicrgsd @ dectins iRdk, 236

O e RS 25, RSy LB S e
anti bodi es f@flCttOhésqerfvmmmh IiSnPaém »Noh 5,627,426 ahick ik pFessly B@b?lfl?alwgé h
1, D L b B SR e e,
resi due 1234, demed B&@;n @otHeB art rebbgriEddi tathny;uEs)r ot her Fc receptors can be
Gitrerent vays. as a TRPYRERD:ne AuiPRiBey cate sifineTloiae cErbrg e |
anti bodi es fassays i ervgluatmangl ichangefn Biblegichl ammppﬂﬁﬁﬁarﬁf to G BRreR R DkibedN be
al tered. For example, the ability of the antibody with an altered Fc region to bind complement or

Fc receptors can be assessed using the assays disclosed herein as well as any art

20  recognized assay.
' Production of the antibodies of the invention is carried out by any

suitable technique including techniques described herein as well as techniques known to

those skilled in the art. For example an appropriate protein sequence, e.g. forming part

of or all of a relevant constant domain, e.g., Fc région, i.e., CH2, and/or CH3 doinain(s),
25  of an antibody, and include appropriately altered residue(s) can be synthesized and then

chemically joined into the appropriate place in an antibody molecule.

Preferably, genetic engineering techniques are used for producing an
altered antibody. Preferred techniques include, for example, preparing suitable primers
foruse in polymerése chain reaction (PCR) such that a DNA sequence which encodes at

30  least part of an 1gG heavy chain, e.g., an Fc or constant region (e.g., CH2, and/or CH3)
is altered, at one or more residues. The segment can then be operably linked to the
remaining portion of the antibody, e.g, the variable region of the antibody and required

regulatory elements for expression in a cell.
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The first conponent of the conplenent system O, conprises three 20
proteins known as Cqgq, dr and Cs which bind tightly together. It has been
shown that C q is responsible for binding of the three protein conplex to
an anti body. Accordingly, the Cqg binding activity of an anti body can be
altered by providing an antibody with an altered CH 2 domain in which at

| east one of the amno acid residues 318, 320, and 322 of the heavy chain
has been changed to a residue having 25 a different side chain. The
nunbering of the residuyes in the heav inis that of the EU index (see
Kabat et al., supra). °rPé?5°§UPY%{‘6‘P8 %? ?LEIF? stors Bed de transforg thecell |

reducing or lmeb@bctt&’@ ueg ifi pesduting tid tﬁhnbfoﬂdin@@eét@rsa&llaﬂkt R YorinBE Witf] She
changi ng any, on resi dues 318 320 (Lys) and 322 (Lys), to Al a.

Nobr eover, by r?ﬁa?g‘?rﬁ’g“grﬁﬂ“&ﬁ getblings "Eaﬁ g@qdé@ﬂmreearatme veaerspwsrmehesiafor hat 30
Cl g bi ndi ng ihsirfpeddattiymd as | ong as residue 318 has a hydrogen-bondi ng side
chain and residues 320 and 322 both have a positively charged side chain.
44 d g bitding acti vi tRyeferakly gheast ling whighpistransfiirmed togpraduce theentibodyne t hr ee
speci fi ed re@itﬂﬁ@&té&\ééﬂ‘b@ {oRSE 61U ANeel REre At mﬂamag%mhﬁnh%st' onality on
its side chain. IS noF necessary to replace the 1onic residues only
with Ala to @B@maﬁ?ﬂ@ldmm(ﬂﬁb%ioﬁl -is also possible to use other

al kyl - substituted non e Val , or
such aromatic non- pol eﬁlmraggl ggglgﬁgségﬁa%ﬁ"ma&e%yaﬂdba&h :L)‘Elgﬂ al?‘i’%"z% of any
one of the 1eHonas erfgracbbe%mlamnumdepeltlmeaw dtlsdy saitalpldxqﬂdxmgsucﬂasaddl tion, it

is al so R | Gl S dues as Ser, Thr, Cys,
and Met 1In Ef)“%%" i‘f%lltrl@&ogl% gg LB Ux%%glgerl]naownlynotus in order to abolish

C g binding activity. It is also noted that the side chal ns on ionic or
non-ionic polar residyesy, gen ds | n a
sinmlar manner to the omno 0 2

repl acenent of the 318m(r@1a)espexslesjmdsyamylpndldapositesardzuﬁ)wydmdbivy but not

abolish Cq 1 s .al so..known e aC| resi due 297
Chan) wi ' ACTIESRAIORST eI acisl stedoe A0gedmaand Bt oRRp TGt Siny Satd e 1y
reduci ngly almsgive imrmmdaubnl qurc)emefcfdsmmﬁ ye DNA $rRNA] A nu'EmcSacﬂi teration
destroys th and.the e ce carbohydrate that is
required fo‘reseg'In ¥&%§ér§éiﬂ{é "t%ig%hls t)Aor\%?ugthH f%‘ﬁalt?réfte;) tét suchpsa i t e
wll also cmsmptﬂyartdWahgicyr;dsa] hBdw expressiof .of the DNA segment in the intended target

cells of a patient. For expression in blood cells, as is desirable for induction of an

immune response, promoter and enhancer elements from light or heavy chain

20  immunoglobulin genes or the CMV major intermediate early promoter and enhancer are
suitable to direct expression. The linked regulatory elements and coding sequences are
often cloned into a vector. For administration of double-chain antibodies, the two chains
can be cloned in the same or separate vectors.

A number of viral vector systems are available including retroviral

25  systems (see, e.g., Lawrie and Tumin, Cur. Opin. Genet. Develob. 3:102-109 (1993));
adenoviral vectors (see, e.g., Bett er al., J. Virol. 67:5911 (1993)); adeno-associated
virus vectors (see, e.g., Zhou et al., J. Exp. Med. 179:1867 (1994)), viral vectors from
the pox family including vaccinia virus and the avian pox viruses, viral vectors from the
alpha virus genus such as those derived from Sindbis and Semliki Forest Viruses (see,

30 eg.,Dubensky et al., J. Virol. 70:508 (1996)), Venezuelan equine encephalitis virus (see
Johnston et al., US 5,643,576) and rhabdoviruses, such as vesicular stomatitis virus (see

Rose, 6,168,943) and papillomaviruses (Ohe et al., Human Géne Therapy 6:325 (1995);
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The invention al so provides an anti body having an altered effector

function wherein the antibody has a nodified hinge region. The nodified

hi nge region 20 may conprise a conplete hinge region derived from an

anti body of different antibody class or subclass fromthat of the CH
domai n. For exanple, the constant domain (CH) of a class 1gG antibody can
be attached to a hinge region of a class g4 anti body. Alternatively, the
new hinge region may conprise part of a natural hinge or a repeating unit

in which eac un|t rlvedfro a natyr e region. In
one 25 exarrpla]e ¢ Al ﬂg&ggﬁﬁ ‘ié Eﬁﬁ‘df‘@a Aue ‘ia"éu“‘%y}é h gﬁ?g@ 2%ne or
nore cystei n@996pi dues into a neutral residue, such as al anine, or by

converting suitably pl d residues into cysteine residues. Such
alterations are carri e@sgﬁn ‘i?z‘i'%ﬁ’ ipuRogEn, GhA YEIOFOBRINGS Bhiames canbe and,

preferably, pRREiddGnOMNPbaRREI B&tib@&l%h%&ela@é aﬁﬁ@é‘s@r@@éﬂcx’%ﬁ%&%ppét@mone
enbodi nent of the invention, he number of cysteine residues

hi nge regt on®d¥- Ve 2% éoﬁﬂgﬂeéetraédh@esdz“f@? %@(S&n‘éSé 279.83%8ed Eyiytdeqt né,
resi due. Thigs snmdiiiscobien an@mmem%émg%mug 51%%50 fikd B dddGrobhp feserbl y

of the antibody, for exanpl e bi specific anti es and anti body
nol ecul es whasseqiged with F@ls@iﬁtplcéfﬁlefﬁasxm of r“é\mhaoddddmﬂlmﬂaﬂmltagrylm

reporter nol &9%&5 afd B&?Xa tideb Snd 1y lQ&ﬁ@%ﬁl%’poﬁ 8esf) Osreéne et a{l Eor

di sul fide bond. This m)dl I cati oﬂ‘l so pro es a spéc ar ge
att achi ng t hidiarp dgeap. £896bn ei t her to anot her hi nge regi on or to an

oy oot ot O by VBRI nalld BRI ATBIRT LY ve AP &

by chem cal neans. Converse e nunb res
regi on of t hia vive tradimbmjetyatios t¢ aycindivsdd] patient, opialy by syatenlieastinstrationdr e t han

t he nunber o¢ %émhéﬁ [ 5| due | ncreasi ng ,t he. nunber
of cysteine §2| les cghﬂgg’%usanggt f268 gésb%ﬁ mffgd ?lnﬁfaé’}uzi% deaeen
adj acent hi mgestracmml hﬁu&ad\paml’mj}éamﬂlcatiuniseemg:u Amdeasbn enali, SJSt 3)3&9 346).
facilitates t,hl r.oups f.or Chl ctor or
reporter mltﬁ(}ﬁl ag&% ﬁéei leé)r?%d rﬁ%fs tﬁggy Y“F‘E}F"‘é‘f%éﬂg oé“p é{vdﬁ ol abel . 10
Accordi nifl y, coﬂlhelal meteridls. oNale(pml)deslecimres are.som¥imesgéned fin Mplaghidregiopns
bet ween antléqﬁgx, G i kA g cl asses.. and/ an _increase or
decrease in t enh‘%‘%ﬁﬁ of H&)’/@?@% ﬁnglrtaeehrggé %ls?s iy ?%gu%aﬁlé’g (%ﬁ\e{)‘r’f %n order
t o achi eve daS 4)508822). PNAecahaiso bk udminisered s:aazg H gfneegnﬁnﬁéeexﬂab & BRatsnd, No.
5,677,425 whj cp |ﬁF$ﬁWA%§§I i ncor %r at ed rein). e ermfnatl on of
altered anti tl)l&fy Sradt PR Sgwagmﬁ?r A§ 9?18 }éfssé‘g

microscopic metal beads. The microprojectiles are accelerated with a shock wave or

20  expanding helium gas, and penetrate tissues to a depth of several cell layers. For

example, The Accel™ Gene Delivery Device manufactured by Agricetus, Inc. Middleton

Wl is suitable. Alternatively, naked DNA can pass through skin into the blood stream

simply by spotting the DNA onto skin with chemical or mechanical irritation (see

Howell ez al., WO 95/05853).

25 In a further vanation, vectors encoding immunogens can be delivered to
cells ex vivo, such as cells explanted from an individual patient (e.g., lymphocytes, bone
marrow aspirates, tissue biopsy) or universal donor hematopoietic stem cells, followed

by reimplantation of the cells into a patient, usually after selection for cells which have
incorporated the vector.

30
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15 described herein or other art recognized techniques. Inportantly, the
resul tant antibody can be subjected to one or nbre assays to evaluate any
change in biological activity conpared to the starting antibody. For
exanple, the ability of the antibody with an altered Fe region to bind
conpl ement or Fc receptors can be assessed using the assays disclosed
herein as well as any art 20 recogni zed assay. Production of the antibodies
of the invention is carried out by any suitable technique including

t echni ques descri bed hﬁrﬁn tweII s techni }t#es known to those skilled
inthe art. For examlﬁﬁ%&%ﬁ@%ﬁ&g—@équenpe, e.g. formng part
of or all of a rel evanTheasheaintention®i directed Shrer 1 th @9htRnt of Azheidin, and/ or

CH3 d [ of an antijbody, and.include appropriately altered
r esi olﬁren(51 Is;] ( ié’?ﬁd %‘E“ ?ﬂ&%ﬁeﬁﬁcﬁ'%ﬁs ghé‘?{“'"bsﬁé‘r‘ﬁft%‘ﬂ SFapeyinEmmirllesicahe _
riate fely. , HumARTzED et uiBRl B a1 55 NGAR fo SJAdLReer ! NY

?gg;gﬁqhes afﬂ;@ﬁfgsedgf% or prgduci n‘éﬂugn .als (taor ga_glgt b%)gilqugré%rrag% ﬂ_
t echni qued | Hedengenditiass they gensrate a paneficirli therapautit adspenspiin arpa\!;ﬁpt egr, usg in t

I rase chai.p; | . DNA sequepce. whi.ch encodes a
28 ?lggst Spar Pﬁi 3?’%‘?&3@&%&5@%@#&@%9’8&ﬁ%%“eﬁ’é"‘%ﬁ’ ’{:’gﬁg{ogr?tf PP on (e.g.,
CH2, and/or @H@iption, sedatticarafaheuritic dysteophly, imprévifesighiths fundiien,SQ@GENt can t hen

be operabl in to.the renmining.portion of the antibody, e.g., the
var i abl o 1 oo SHEE VRENE S b TR RRIN BRI Priug Bisho oy SrREHE et or
expr essi on i pregentioh lor tréimditer {pn eBgRidopeiCdibé08 Bhvinioh WS URELEES Used
to transf rmth% s used in producing the transformng

9 ﬁh(eégdiécrloélﬁi?%rw\éog‘(’:ﬁt}ﬁpai FragRes (esgrs 1264 IRmyRasiabulns) BehE | | nes

Se
vectors, cel 199

transformed miatufaqoirepdis atedicamuaEbiths treatentioR bRIesi dn®F an kR§ioiddgemduct i on. 5
Preferably, the cell line which is transfornmed to produce the anti body

with an alt e 8%Fc region (i.e., of altered effector function) is an

immortalized mamali dnofi€hspedt] the inventln.préviids@@dihdds ofbleDOUBB of BEatinglal |1 ne
used to prodﬁ%ce the antibody with an altered Fc region is preferably a

marmal i an cePFe #ECF VBE Awylold Aepasitsef AB)in theihrain of apticas Suchdisbases er i al
cel | 1ings oringui€ARheinRis diskie, DSRY's YdafI ALl b0 i ithenB TGS € Aci d
Encoding | mréjarr]x%t:'gugriv%thaorggvi;ll;garc?f eef‘l{}[lelrgcté%%gst c?f an amyloidogenic disease. Some
methods of the invention entail administering an effective dosage of an antibody that
specifically binds to a component of an amyloid deposit to the patient.. Such methods
are particularly useful for preventing or treating Alzheimer’s disease in human patients.
20  Exemplary methods entail administering an effective dosage of an antibody that binds to
AB. Preferred methods entail administering an effective dosage of an antibody that
specifically binds to an epitope within residues 1-10 of AB, for example, antibodies that
specifically bind to an epitope within residues 1-3 of AP, antibodies that specifically
bind to an epitope withiﬁ residues 1-4 of A, antibodies that specifically bind to an
25  epitope within residues 1-5 of AB, antibodies that specifically bind to an epitope within
residues 1-6 of A, antibodies that specifically bind to an epitope within residues 1-7 of
AR, or antibodies that specifically bind to an epitope within residues 3-7 of AB. In yet
another asbect, the invention features administering antibodies that bind to an epitope
comprising a free N-terminal residue of AB. In yet another aspect, the invention features
30  administering antibodies that bind to an epitope within residues of 1-10 of AB wherein

residue | and/or residue 7 of AP is aspartic acid. In yet another aspect, the invention

features administering antibodies that specifically bind to A peptide without binding to
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| mmune responses agai nst anyl oid deposits can al so be induced by
adm ni stration of nucleic acids encoding anti bodi es and their conponent
chai ns used for 15 passive immunization. Such nucleic acids can be DNA or
RNA. A nucleic acid segnent encoding an i mmunogen is typically linked to
regul atory el enents, such as a pronoter and enhancer, that all ow
expression of the DNA segnent in the intended target cells of a patient.
For expression in blood cells, as is desirable for induction of an i nmmune
response, nd e hancer el.e fron1I| t or y chain 20
|nnunoglobulﬁgp%§% hm?ﬂgmﬁﬁhpﬁﬁFgﬁﬂﬁ é?%@&Pa r@@?ﬁ% BFBHB?efmand
enhancer areantﬂmdjgsWumathg@l rect expression. The linked regulatory el enents
and codi ng sequences en cloned. intpo a vector. For admnistration of
Jo3et ate

doubl e-chai n ant i bodi IWSPEFRPR invention features adaigistaring jpatibasias that

separ at e vecbindso a:ﬁaxﬂjdaiid%p&it lf(tHquatxéiﬂ%candﬁéé'%&%n@&@sp@?{s@'abﬁmt&é ncl udi ng
retrowra% 25 Slytji;ﬂe (see, angpg?e Lawie and Tum n, Cu

Devel op. 3: 183Y%® e(’ﬁ%@f)")’ ex FeRA ar‘%i?a“%ﬂsm@ﬁe(cs@bc eféecg:d b)'B'@trecwtoral J.
Virol . 67:59%(11@;3@8?33@0‘; ytageno- associ ated virus vectors (see, e.g., Zhou et

al., J. Exp. Med. 179:1867 (1994)), viral vectors from the pox famly
i ncl udi ng vaccini a vi rRherageiictagents of thp inyention areitypisally utatantiadlytpors frémom t he

| ph us ArmBrSin or est

U Puses (soe agRashtniinl MREmE s 14t sieAllssyelty e RAH oG58 wiv

Venezuel an elftfight/™ergh sty a3 well/ oy bping subssantidip st Gromeinteefering piBteinsGAd, 576)
d rhabgpvi 4,0

6 166, 945 nonanariy! SbnfEmée et ad oPIE: ol sl WS, AR Bore S Erabiyag

(1995); 47 lead 9@pr ghout 93%wha pate2 HoaveserXisig &)anamislrmoteNlmhﬁlcmoﬁCI ds.

Res. 24, 263@@%@@%”% h%ﬁx%g@g)sus e%%? A0gosn gﬂgge gy & vector

contalnlng the s age I'nt o |pos gable i pids and
rel ated anal ogs are dé@cmeﬂwdswkEppedmbnthEsﬁiptahancﬂdﬁexﬁs&QﬁhQ&G Fei gner

\e/tecf1 Ior s and%ﬁ&ﬂmﬁ%@ i l%%ﬁ’ tci%%roﬁ’r‘\i 05k Bﬁﬁ algtﬂ’fgle use dg 6? UEQlng&gn b 15
associ at&d vshlnmanarwﬂadhenworlnenmmamﬂtﬂcﬁék of frafvienils théredfygde., pol ynet hyl
rsTgtehagr é' :”‘t ean&%&l MH&B? tx@&ﬁen‘?ﬁﬁ{ d Eat ﬁﬁgng%ﬂ’?i' glygkaﬁéﬁ(}gsqrﬁ)éa g%vm | dte 22 s
or naked pol ygpemtthedespeftethg invedivh) featares aémiulestéringraatbodies prepared from a
human immunized with AB peptide, which human can be the patient to be treated with
antibody.
20 : In another aspect, the invention features administering an antibody with a
pharmaceutical carrier as a pharmaceutical composition. Altematively, the antibody can
be administered to a patient by administering a polynucleotide encoding at least one
antibody chain. The polynucleotide is expressed to produce the antibody chain in the
patient. Optionally, the polynucleotide encodes heavy and light chains of the antibody.
25  The polynucleotide is expressed to produce the heavy and light chains in the patient. In
exemplary embodiments, the patient is monitored for level of administered antibody in
the blood of the patient.
The inventi_on thus fulfills a longstanding need for therapeutic regimes for
preventing or ame]ioratixig the neuropathology and, in some patients, the cognitive

30  impairment associated with Alzheimer's disease.
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in vivo by admnistration to an individual patient, typically by systemc
admnistration (e.g., intravenous, intraperitoneal, nasal, gastric,
intradermal , intranuscul ar, subdermal, or intracranial infusion) or

topi cal application (see e.g., Anderson et al., US 5,399,346). The term
"naked pol ynucl eotide" refers to a pol ynucl eoti de not conplexed with 15
col l oidal materials. Naked pol ynucl eoti des are sonetines cloned in a

pl asm d vector. Such vectors can further include facilitating agents such
as bupivaci ne (Wi ner ¢ . S DNA can al so be admi ni stered
using a gene gun. See “Aab & R SHB¥YH . The DNA encodi ng an

i nmunogen i's preci pi taRamdm@rahﬁmIblmommmem@]fude HAGS QREOR sk FERLighsdifads. The
m croprojectil eg? are accel erat ed with a shock wave or 20 expandi ng helium

gas, and penBYFaRWINgsYBploms; 35 wellps petiertspresenty showiag sympigms.sin twpease efanpl e,
The Accel TM @eeinaelsidissss, RRYABCTBME O3 T duttindrds? RiiBimd Aaise el et on

W is sw%able Alternatlvely can pass through skin into

bl ood str e &shp liyesdong epaweh.n Gherefareia peasens methods wan be admenisicesd or
nmechani cal i ﬁrbt;ﬂﬁ&du@ﬁll}(t%q}?e géﬂ@%#}@uﬁhoﬁwmo%ﬁ?é{é}% ﬁ% atsé%men (?f dhyr ther

variation, vectors encodi ng i nmuhdgens can deltvere ®x Vi vo,
such as cel | BSkeofShaswbiedt patient. Aheipragént imethwids patqsmtall(yexsq’ul fot indppihayt es, bone

Marrow aspirg tyl A dogor, herm t stem
cells, foll omg‘gﬁ“e% Kng A mf%g}éﬁf‘l’s’%é?‘é’ﬁ“ B Heed” S ‘}é‘f‘réﬂ‘? deudis | y
af ter sel ect hayingfrelatives|who havee expenianasd thmquse)raaﬂenbse bvhose&[skd)erdete?ﬂn{ba 11.

nier ol 1 13 TPORC aRrear ohp YR e CHEL Pl BB of seases by

admi ni st r at i dlzheifner’hdisegse indlwieinmtations ughcAlPP gemagmicsla(lgnguauohwfani zed

i | obul t ) i j 5
condi s vong. 17iafion787 SRERIdrs R0 ARG ielrpd B 45 Ra R B SE s tBieny
(e.g., i ndumnegmwed»f (Sp¢1Hg(do'ysz¢&z)s Odferﬂc(aﬂscrsrﬁt}uktarmuﬁfiorgliﬁquq;r&ﬁaxﬁxdﬁn _
i nhi biti d it str , i nprovin
cogni t1 vt uisebt Bt Eag B08 TR B0 (BRI hBR, A et s tRlemE Sogni € Lve.
decline)lin atlllmosph:mmtlndvadmalepﬁ:ﬁahlg,sufffﬂ-l’ngtfﬂﬁn'Aﬂ)ﬂﬁilﬁé?tsidilsféa&rcaﬁ beat nent of

| oi d I di t f th
o sal nsod | ettt BEANharalUfd UERNIL D bR 21 B offsFRioT ok BEOIdESoRn ¢ ne

above. In addition, a number of diagnosnc tests are available for identifying individuals

who have AD. These include measurement of CSF tau and AB42 levels. Elevated tau
and decreased AB42 levels signify the presence of AD. Individuals suffering from

20  Alzheimer’s disease can also be diagnosed by ADRDA criteria as discussed in the
Examples section.

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.

25  Treatment can be monitored by assaying antibody levels over time. If the response falls,
a booster dosage is.indicated. In the case of potential Down’s syndrome patients,
treatment can begin antenatally by administering therapeutic agent to the mother or

shortly after birth.

30 . B. Treatment Regimes and Dosages

In prophylactic applications, pharmaceutical compositions or
medicaments are administered to a patient susceptible to, or otherwise at risk of,

Alzheimer’s disease in an amount sufficient to eliminate or reduce the risk, lessen the
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manuf acture of a medi canent for the treatnent or prevention of an
anyl oi dogeni ¢ di sease. I n one aspect, the invention provides nethods of
preventing or treating a disease associated with anyloid deposits of AP in
the brain of a patient. Such diseases 15 include Al zheiner's disease,
Down's syndrone and cognitive inpairnment. The latter can occur with or

W t hout ot her characteristics of an anyl oi dogeni c di sease. Sonme nethods of
the invention entail adm nistering an effective dosage of an anti body that

specifically_binds to. a_.conpone f an .anyl.oi d depasit .to the patient.
Such et hodssevgr?(é"’ %acgla%}tﬁ ﬁﬁo%ﬁgﬁFas?’d?"%’%E‘ﬁfh%c%rh‘ftf’léé‘tciaﬁ‘é{m

Al zhei mer' s bhhseamesymptbisethp aistB8LiE. coRPliEXRAPARN HteFRIdME patBAb FLAl

adm ni stering an effective o.sage‘éé)f an antibody that binds to A
Preferred _rrel%_l}?Bﬁté’pee‘rP_tr%fFTt"%dﬁ‘l" e SEYAIRRFIL taf ieesr i thesareytic applisationst i body
that speci féomilositioRd drdsedicAmdts AR ddPRRisibelahid B phEesit gHE&téB’o]fpor%F]r_ef&yg’ for
exanpl e, Sgnté@gdl es that specifically bind to an epitope Wthin-residues

1 ’

1-3 of A p% HPBsuehndiscase i a0 amgupisuffgient tq eureer apleass pertiellyt drvest,

resi dues 1- 4hebyriitomaBt D ARLRS (BibdHemiRie Hididl | 8laiBrafily LLope

W thin residues 1- '_5mof A(3, aryt(ilbodi es t hg% Sééé%c}/ﬁﬂ(}g?\{qé’m& 'Réﬁ?ﬁggtrs\ epi t ope
within resimpicatiops gad integmedipte pptbalogisalt thanotypes én dévelpmentifiine diseasn
epitope within residu - oo ' ' t ecifically bind
to an epitope within _?'zss%%ggffhgég%g%'?m%&%&%ggut?gdﬁ%%%erre%g‘s"baé%t, t he

i nvent i on f eAYFOERIERIMPAIrTERt inpgticnts thitddivesottyhedevbliopell ¢haraateristid t ope

ivent ot earirBers bR AL BRbOlSathak 0 sech Rpl R daR B e BRBRfispe
wi t hin resi deratnast isidefigedods athGapdubeallynor prephydacticdllyeefitctive dasi thigoty of AR is
P s B AL L P W
full -1 engt h wti/k siffciputémmmmoresporst basbeehBievel nTheterra Mfivhiede resjeass” ort he
o o OO B o SR GRS
deposi t 5n tdnd/opatélbidr (mndiated ty astigenchbeific Ngellses paNsecrga foduddie 5 anyl oid
recoptor  megraraqaped el af il B0, KO RRRNAE B O p e R Y o ar e
typi cal |y suasByenmetpioasd, ye pimdecel byrimimsdmsibn efintmuroged, ban passilBirépomans t hat
an agent is ztex Wl(ﬁl@éd Q’y a%}nihi(sat%a }on% ?r}ljtglur?oogo{oob%i\rllvor antibody or primed T-cells.
Typically, the immune response is monitored and repeated dosages are given if the
20  immune response starts to wane.
Effective doses of the compositions of the present invention, for the
treatment of the above described conditions vary depending upon many different factors,
including means of administration, target site, physiological state of the patient, whether
the patient is human or an animal, other medications administered, and whether
25  treatment is prophylactic or therapeutic. Usually, the patient is a human but non-human
mammals iric]uding transgenic mammals can also be treated. Treatment dosages need to
be titrated to optimize safety and efficacy.
For passive immunization with an antibody, the dosage ranges from about
| 0.0001 to 100 mg/kg, and more usually 0.01 to 5 mg/kg (e.g., 0.02 mg/kg, 0.25 mg/kg,
30 0.5 mg/ke, 0.75 mg/kg, Img/kg, 2 mg/kg, ete.), of the host body weight. For example
dosages can be 1 mg/kg body weight or 10 mg/kg body weight or within the range of 1-
10 mg/kg, preferably at least 1 mg/kg. Doses intermediate in the above ranges are also

intended to be within the scope of the invention. Subjects can be administered such
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(wei ght/weight) purity, as well as being substantially free from
interfering proteins and 10 contanminants. Sonetines the agents are at |east
about 80% w w and, nore preferably at |east 90 or about 95% w w purity.
However, using conventional protein purification techniques, honbgeneous
pepti des of at |east 99% w w can be obtained. The nethods can be used on
both asynptomatic patients and those currently show ng synptons of

di sease. The anti bodi es used in such nmethods can be 15 human, humani zed,

chinmeric or i i her eof ntige
b1 nd no 1 r ageent o B e By, Seolth 8UREDITng (3hE B hlhute Mbmited
herein. In bYeemamisetanalysispdatexernpleryi treatmenit entailseriminiesatiad it mustiphy | ng

anti bodies p i i zed.wi,th A(3 ti . Whi ch hurman

can be the pgﬁqgﬁ& £ ggg{e&@tgg(g?ge%gﬁoggy J}nat’rzlff"i(’é\é\fdlﬂs/‘?s‘t ?8 Wdﬁﬁgh&%ﬁgp\ggspect, t he

i nvention f estampi@y &ctaimenstegimes gntait adminisnadyn whdelpePevephaonBeeRYbi GRE aCarri er

as a phargac hcal conposition, ternatively, the antibo can be

admi ni st eggrgd%[%ébié)qﬁg eiere({(l)if—y %g” %@ﬁ?tﬁ%-sfﬁemvfk@vg%gf fﬁ%’ﬁglﬁ%sdf‘?lﬂggbﬁgﬁtﬁﬂ?@rat

| east one ah$ mghayonadoaseautiviniaygah yigled @piliedtd @ayezspéceﬁigmgv&e@k@r@duce the
nucl egt i de encodes

anti body chain in th atient. tionally, the pol ) enc

heavy and | i ght® rgﬁtéf’ﬁsst‘g‘? °’iﬂ%’°é‘?‘?%5188§r).a“@%’dﬁé"'ﬁ‘d11 Freet bashingiperificiigpr essed
to produce tae aimmigterad inlulgidousiPah MhidhtatdiBie BedabEBt cach BntitBdGNPI ary _
enbodi nents, {he. aaiéﬁt igingnitored,for | evel of admi nistered antibody in
the bl ood of 2t 'S%é‘f § Withindhg rangesindieatedays fulfills a | ongst andi ng need

for therapeutic regi megntftaay isnrsemgmdhﬂﬁs@fed%H%dlﬁmébédagoﬁé?qnﬁmrsopat hol ogy
and, in sone patients, ,the cognitive 30 inpairnment associated wth

Al zhei ner' s Cfit¥esnsingle desages cai be wrekly, Apanthll Peyeady Tintervale aan fbsa beent s

amenabl e t 0 frepabr B Thdicaed Hﬂﬁxeisﬂﬂhg’i;ﬂli@le%el%f{dtﬁ %Woﬁ'ﬂs &%ﬁg%t%ﬁé In"0!

showi ng synptons, as well as patients presently show ng sy n the
case of Al zipsiafeethedsgilesagesis adipsted teetchipvaimplosma mgtibatly corskntottios of f-¢0000g f r om

Al zhei ner' s di/seasel i i ves  l.on nough., Therefore, the
present met h%%/s %gﬁlnggm§§1r§ﬂﬁng? Ser§ed“ rrr\'ép%‘%g‘@g}'ec%tlapgpng cﬁﬁée Distgred
popul at i bh vastavostaintd eslevee trinolatian yn ehhsswenesk fefudnbedministktidnfis taeirsubj ect
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t hose general, humanized antibodies show the longest half-life, followed by chimeric
antibodies and nonhuman antibodies.
The dosage and frequency of administration can vary depending on
20  whether the treatment is prophylactic or therapeutic. In prophylactic applications,
compositions containing the present antibodies or a cocktail thereof are administered to
a patient not already in the disease state to enhance the patient’s resistance. Such an
amount is defined to be a “prophylactic effective dose.” In this use, the precise amounts
again depend upon the patient’s state of health and general immunity, but generally
25  range from 0.1 to 25 mg per dose, especially 0.5 to 2.5 mg per dose. A relatively low
dosage is administered at relatively infrequent intervals over a long period of time.
Some patients continue to receive treatment for the rest of their lives.
In therapeutic applications, a relatively high dosage (e.g., from about 1 to
200 mg ofantibbdy per dose, with dosages of from 5 to 25 mg being more commonly
30  used) at relatively short intervals is sometimes required until progression of the disease
is reduced or terminated, and preferably until the patient shows partial or complete
amelioration of symptoms of disease. Thereafter, the patent can be administered a

prophylactic regime.
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having rel ati ves who have experienced this disease, and those whose risk is
determ ned 10 by analysis of genetic or biochem cal markers. Genetic
markers of risk toward Alzheiner's disease include nutations in the APP
gene, particularly nutations at position 717 and positions 670 and 671
referred to as the Hardy and Swedi sh mutations respectively (see Hardy,
supra). Qther markers of risk are nutations in the presenilin genes, PS|
and PS2, and ApoE4, famly history of AD,nyperch](c)I esterolhe_m a or 35

at heroscl erosis. | ndiw entd vy s erj.ng.from Al zhei s di sease
can be recognized fro?ng%ﬁgorﬁ’é’gfg@?ﬁag{d%m gﬁ'ﬁﬁ?i'%?%’(ﬁga%ﬁlforﬁgquﬁio_Bg@sence of
ri sk factorslges@rngred00aippVeg tb mombﬁimmom% mﬁ'm/&%ﬁ”’-‘??&ww F'éeSt s
are available for identifying indiyj S 0. have ) ese i nclude
measur enent B’ffe%glis Yiegh v qﬁcgrsxgwgpqrxé%ﬁg& OEMOVat BHPNE a%rc?Oé‘ﬁd{ decrggsed A042
level s signify the prepfagRuA agtRts chiBl MintHRleRodM HaRinkddgl, fobRAD 20 -
Al zhei rrer'gs di sease can al so beg%di_ agnosed by Ag%icrl teri g as discussed in
the Exanpl eHU@¥eNOps,qral, ﬁ"lb%f‘éifﬁ’ﬁ%‘%Fm'ﬁ{aﬁféerk?&t'?taﬁf@}a',t‘F@meﬁmﬂﬁalclatrar!mglom at any
age (e.g., 1Qx;tra%QSculag@em%yﬁ}oh}dylaa&%%{: thef'ageﬁtﬁ d;égfmép?.cfﬁesrﬁg%f t#pci)ca.li) egin
treatnment until a patient reaches 40, 50, 60 or . lreatnment typically
entails nul t [feigdminigmtion of aminyeirogeniofzent insub@BnTousaitheush atiem rdges

noni tored bycasw %hﬂ%{ e@féui\tk‘?dbﬁelngﬁ%ést Qchﬁ&?{) FdTRe is e chzEf\r.Slg)%Q&% fglds, a
booster dosage is indicated. In the case of potentia wn' strsyndr _
patients, tPeapheirctionis mnstiynically eﬂ&mwyﬂbg/aradmla{;r ame«rlesngntsdséaé apeut i Cd
agent tojd he Sy | ] . eat nen egi nes an
'Dgs ages }(?1 p?g%hgg?ggcﬁgscarip c?égadtl%o%)g{?tﬁ _Jr'pr'r%%a’eigltslgr_ga }{ecr:%n%’(%’gst}.lag%s or

medi cament s #acemuldtednfor exampde intraerapial injentions Ustremtscidheinjeotionsr iatriveamisse at

risk of, Al; i \ I ; . fficient to elinnate or
reduce the r%@%dﬁ%%g%h?ﬁzég gké‘%r"??gmé'rb gédl)élﬂélfo'tnﬁé"e }lﬁdg’e‘}mlff’?af he
di sease, i nctherdpewiciahdraidessiapsinjected diredtiygnto tnctaiom. e bavé medbdsynpt ons  of

t he di sease, ,J4.54: Fcat | nd interpedi at e pat hol ggi.cal  phenotypes
presenting dﬁ#‘%ﬁ%ggevg{hﬁgﬁ%ﬁ?&%ﬁ g‘ﬁ{(g'na‘l?éeécaageef:o’?‘ﬁg?'ﬁ@%a t% S4BASRi cat i ons,
conposi t1%nsMedipadilfidesicent s are adninistered to a patient suspected of, or

o Faa, Spart oo RSP R A AR el >
hi st ol ogi c awidli othertnghuaty ot are)at leastphmiyieffgctivesn treatment of amyloidogenic disease.
In the case of Alzheimer’s and Down’s syndrome, in which amyloid deposits occur in
the brain, agents of the invention can also be administered in conjunction with other
20  agents that increase passage of the agents of the invention across the blood-brain barrier.
Agents of the invention can also be administered in combination with other agents that
enhance access of the therapeutic agent to a target cell or tissue, for example, liposomes
and the like. Coadministering such agents can decrease the dosage of a therapeutic
agent (e.g., therapeutic antibody or antibody chain) needed to achieve a desired effect.
25

C._ Pharmaceutical Compositions

Agents of the invention are often administered as pharmaceutical
.compositions comprising an active therapeutic agent, i.e., and a variety of other
pHénnaCeuticéliy Qcccptable components. See Remington’s Pharmaceutical Science
30  (15th ed., Mack Publishing Company, Easton, Pennsylvania (1 980)). The preferred
form depends on the intended mode of administration and therapeutic application. The
compositions can also include, depending on the formulation desired, pharmaceutically-

acceptable, non-toxic carriers or diluents, which are defined as vehicles commonly used
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conplications and internedi ate pathol ogi cal phenotypes in devel opnent of
the di sease. In sone nethods, adm nistration of agent reduces or

el i m nat es myocognitive inpairnent in patients that have not yet devel oped
characteristic 10 Al zhei ner's pat hol ogy. An anount adequate to acconplish

t herapeutic or prophylactic treatnment is defined as a therapeutically- or
prophyl actically-effective dose. In both prophylactic and therapeutic

regi mes, agents are usually adm nistered in several dosages wuntil a
sufficient i ternl"innu onse" or
"innunolog|c§?M?§g5§ ﬁg%ﬁﬁgﬁﬁgﬁ%8§%§ﬁ dnﬁ%%l ‘m“rgfn(g i body
medi at ed) 15didureif Glselactc@kd aslmt to aftecii ﬁnbbnbld:grcaamcttivggnf Ehp(eombinﬁtx& cells or

reci pi ont sub PRt SEBRNIS VIR R hB el PRl slnd

i nduced by aBmigai'sshaichgriextfose sasﬂummgand H@ﬁkﬁsoﬂlﬂﬁ)ﬁl Yeadd@sgmpthee, i.e.,
|nducedb a ni st ion o gbulin or antibody or. primed T-cells.
Typi cal | y, the h‘éa F%@B‘E?Héoé’m? Wﬁ‘mtl%r"éad a%?d"&%‘fféﬁ?*‘é&%@a@f@%“&ﬁemgl ven
if the 20 |mnmec,rneamenpmatxafntramhﬁogmm%tabﬁfzfeﬁcahaM@mkeses of the

conpositions of the present |nv ntion, for the  treatnment of the above
descri bed conditions \Pj’ﬁy’“&éb‘éﬁ FHEPSHIoRS FrrAjsodnelnds large. flewelyaatabolipeic| udi ng

means of adﬁinﬁctr&hb&t:hl@@such@iﬂ%felrﬁsl ﬁ&ysaemﬁ%ldeé éﬁ% Qsaéhnémt ﬁol%cﬁ idiatient,
whet her the atl ent is human or an ani mal, her nedi cati ons mhl stered

and whet her PBYSYSlC 3eids andscopplypier (584h a5 lggex fqﬁé‘ﬂ%b%ﬂdl SéPhaE%e@]M),/ t he |
patient i aagdaky¥Btelilbsd) el Ry ,p&?ﬁﬂ@ﬁé #mind GLidd Aind 5(.3&1&%%!}’"% el s can
pti

al so be treated Tr eat nent dosages need to be titrat M ze safety
and ef fi cacyliPiEagerpeaissi(uchiapmll Aoplats erinpeemesinAdditipnadiely thesetsarritosage T anges

f rom about ﬁn&Qﬁlast.ﬂmLQ&nmAf&gagé}ﬁsmf %duwﬁé/)' y 0.01 to 5 ng/kg (e.g.,
0.02 nmg/ kg, Q.25 ng/ka_{o 30 0. 7 kg, 1ng/kg, 2 ng/kg, etc.),
of the host body weig fPFS‘P“’@!(MP@tYGMQ&@tS(ﬁrﬂwbeV@tlngbkgadxMymmteght or
10 ng/ kg bOdéé iNBLGKIE d8da Ft\.@&fr&' BrutiB of Qﬂg&s% o%thejsgbs'm{cg% 1o?oglcl%ll¥

| east 1 ng/kg. Doses internediate in e above ranges are ended to
be withilP t rscetahiedibfent wish p phaamatomnicalSatyjee tiabcandre abMdmm stchnedagrch 52
doses dal | ¥,oiRNsafihé, 31l 47 s, ARRIEhHIPEuARLISHDACLOSRRY: GLRE opCnedul e
determned by enpirical analysis. An exerrp']] ary’treat ment

adm ni st r at | GRS it Aaenis| wirfagianis,pdE buflezing substantesragd thepikeicanlbe peseneianpl e,

of at | east &hﬁoﬁﬂgﬁéﬁs@mé%hrpb%?@ of pharmaceutical compositions are those of

petroleum, animal, vegetable, or synthetic origin, for example, peanut oil, soybean oil,

20 and mineral oil. In general, glycols such as propylene glycol or polyethylene glycol are
preferred liquid carriers, particularly for injectable solutions. Antibodies can be
administered in the form of a depot injection or implant preparation, which can b.c
formulated in such a manner as to permit a sustained release of the active ingredient. An
exemplary composition comprises monoclonal antibody at 5 mg/mL, formulated in

25  aqueous buffer consisting of 50 mM L-histidine, 150 mM NaCl, adjusted to pH 6.0 with
HCL

Typically, compositions are prepared as injectables, either as liquid
solutions or suspensions; solid forms suitable for solution in, or suspension in, liquid
vehicles prior to inject.ion can also be prepared. The preparation also can be emulsified

30 orencapsulated in liposomes or micro particles such as polylactide, polyglycolide, or
copolymer for enhanced adjuvant effect, as discussed above (see Langer, Science 249:
1527 (1990) and Hanes, ddvanced Drug Delivery Reviews 28:97 (1997)). The agents of

this invention can be administered in the form of a depot injection or implant
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exenplary treatnent reginmes entail adm nistration once per every two weeks
or once a 5 nonth or once every 3 to 6 nonths. Exenplary dosage schedul es
i nclude 1-10 ng/ kg or 15 ng/ kg on consecutive days, 30 ng/kg on alternate
days or 60 ng/ kg weekly. In some nethods, two or nore nonocl onal

anti bodies with different binding specificities are admnistered

si mul taneously, in which case the dosage of each antibody adm nistered
falls within the ranges indicated. 10 Antibody is usually adm nistered on
mul tiple occasj Grva ber ween singl e dosages can be weekly

nmonthly or y@gk#%.%nl #\vt ec?v g gogwué},\gdn fch 39'7’?@5{1%81’8’?’??1515%{13@& by’
nmeasuri ng bl pdshtilenthse: dfthantive ogyedient. AR | n the patient. In sonme nethods,
dosage is adjusted to .eve.a plasm a 0 concentration of 1-1000
pg/ni and in some met H%‘g‘g Ff?ﬁ'@eﬁ?“?ﬂs Suig E’r’u Yheﬁ@PQCS ofREmpisEdtiemn be

adni ni st er edindfadasral imtiHhei, raﬁalpﬁla{oﬁ@@&oifxﬂnmﬂn@ts'uﬁﬁbsnbﬁbs%d%né‘d%ﬁg all €SS
frequent afdm n*stratl nis required Dosage and frequency vary dependi ng

on the hal f-IPPHEAUGPS.¢ S&PRQSB‘EW Yipderhandpameshinclude forgxamplel polyalicsderiez ed
antibodi es sfiusld hiarippoanss; el fupbbdiried ORGSR artlih PRI o5 and

nonhuman anti bodj es. . The dosage and frequenc m nistration n-vary
dependi ng orPSUSRIRFSiRE theganes ofQ-$erie 10%. pre Y 8%6t2% Oral fdremhgens i c. I n

prophyl acti Gnapad e)&?;hm@%uch&%mqﬁbédtﬁﬂsgrg&%%%mltl& LI Fagnt antibodies
or a cocktail thereof are adm nistered ﬁready in the

di sease st at™BagnGSumFiqgEde, ts?@mpéﬂ‘icémﬂesCfrlbléqss,taadwgnsumcahonamrmlthate is
defined fg Q%m'fbo BBQ@QDI& ﬁ@tfdrﬁ cﬁ*sBﬁaﬁBﬁsV&sB ?ons t Qet&l}aﬁsf ‘éasp%waé Se @?‘%ﬂm S€

anounts again upon t pat | ent

i munity, bJP’e@?@ éﬂwmjpnﬁsrp%m@es afnld@nm@mll(l"/wiﬁ afgctperingledient, msfembiyal |y 0.5
to 2.5 ng persoflogh. A relatively low dosage is administered at relatively
infrequent intervals over a long period of time. Some patients continue to
recei ve treatment for Topsakapplicatibn tneiesuli invessdetmalton éntapenial deliszpl i cat i ons,

a relativel yhtah,4RSREE out 00 of ant.i g%épe
dose, with G’gageas o? ?r (l:)(;r?ﬁ?gbe f%gl%l‘e@ Fh W}Sga%?ﬂfhfgﬁ? %e“%‘b‘dh‘g'@ 2 at

rel ativeldy stmmor ﬁﬂwéﬁv@ﬂ@waevswmuurmsthleeqﬂwcehlerlshﬁulalr bst@l RXEis@Sec0f t he
di sease is r@grg,pg;q,loh ztu? N Bly, until fhe tlent shows
partial or conplete  a ?Eor2 g%te@%%?dcg %mrfgmh%/ 55§]té1 é{r“é’émgtﬂéer t he
pat ent can $empardnts azstaemetdlraor qsrlmpétyrhatetmles ast&gnédeby &hdmical crosslinking or

expression as a fusion protein.
Alternatively, transdermal delivery can be achieved using a skin path or
20 using transferosomes (Paul et al., Eur. J. Immunol. 25:3521 ( 1995); Cevc et al.,

Biochem. Biophys. Acta 1368:201-15 (1998)).

III. Monitoring the Course of Treatment

The invention provides methods of monitoring treatment in a patient

25  suffering from or susceptible to Alzheimer’s, i.e., for monitoring a course of treatment
being administered to a patient. The methods can be used to monitor both therapeutic
treatment on symptomatic patients and prophylactic treatment on asymptomatic patients.
In particular, the methods are useful for monitoring passive immunization (e. g,
measuring level of administered antibody).’

30 Some methods entail determining a baseline value, for example, of an
antibody level or profile in a patient, before administering a dosage of agent, and
comparing this with a value for the profile or level after treatment. A significant

increase (i.e., greater than the typical margin of experimental error in repeat
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Doses for nucleic acids encodi ng anti bodi es range fromabout 10 ng to | g,
100 ng to 100 ng, | g to 10 ng, or 30-300 g DNA per patient. Doses for
infectious viral vectors vary from 10-100, or nore, virions per dose.

Ther apeutic agents can be adm nistered by parenteral, topical, 5

i ntravenous, oral, subcutaneous, intraarterial, intracranial, _
intraperitoneal, intranasal or intramuscular neans for prophylactic and/or
therapeutic treatnment. The npost typical route of adm nistration of an

i nmunogeni c ut aneous, al t hou ot her ) be equal ly
ef f ect ?ve T%gegﬂiéc gmgg & SMFoRTP 0 P 9585 430n8 St ‘{f’u‘ﬁ VWW]"Z’H’I 'g‘ﬁ meFR;j g
type of injeofswh maasumﬁénti)yxpwﬂaé bithpRIvEIQ BRI fghdlea pdstlivRireh@Enfruscl es. In

10 t haod are ect directly into a particular tissue
\?\Iﬁg? e degga t%’é‘%h’&\?@en @8 H°" ?ﬁPe essahlgﬂséChlﬁqu@&eézmddFSHOHTeécifutbﬂn
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adm ni st rgtl on of antibody, |n sone net par icular therapeutic

anti bodi e3 affEPHPERALId? FdicAled- i nto the cranium In sone nethods,
antibodi es are adnmi ni SingfiR4 mthods AShRbINERe (S, SARExCATRE I nglmongﬁ(' ce,

such as a 15, Medi padTm device. Agents of the invention can option
admi ni st er ed !5Vl chBFﬂf I e detsrminggl £97 25pniae! papeatian. tTypicaly theandividuals inghe t I y

effective i nc&ﬂtﬁ@ﬁéﬁﬁtxoﬂfha@é‘%t ?écglgg@ﬁlx&r t%bt?x?eﬂf gxnedt\)a e§ 8ftHe ?efvel or

Al zhei mer's and Down's syndrone, in soccur in the
brai n, agent 8rofie *Pﬁé’aPPR}éﬂ?l‘laéﬁu@@mﬂ@ %@e@eel&@mgmtsteethedcqmpamdnynﬂmht| on with

P haChl 20 pe irticl ke, RSIRAREAASAOORIAN: IR RORRN alE (L 00NN O 207 059

the bl ood-brain barrier. ™ Agents nvention can M Wst er ed
i n combi nat i &anderd #thllqelfroagtéﬁnsan)hanalsemhanwom&hsm Otattriaint dukmmp@utl c

agent to a t?a'&ﬂ@fsx%rﬁh!:anp{nc;ehées&% leggse%gﬁgEggg%atwg 3r ”":Tzlc%eﬁe}:eg A= l | keagent

Coadnmi ni stering suth agents can ecreas :
(e.g., therapeeng Admintstrdtyoropf thllﬁg@yraﬂhaommuemwﬂédthhmembm&v@smgdes| red

ol o SR BEE Cle RIRAS LAY bt DGAAOEES, o

t her apeui$ I Qgiemmdlcdtorebqt tta:radrramvtaatuoebytreﬁmatt hﬁi be fibadnfiBaair ir€iakddyin

accept abl e cgym 0'7‘, fret?@eé em ngton' s Pharmaceutical Science 30 (15th ed.,

Mack Publ i Shl ng Corrpany ton, Pennsylvania (1980)). The preferred form

depends on the intenddd othotimethbdsad wonti valat bbthe Bvel dripesfilp ey j a:mea‘m{nucat i on.

The standard deviation) is determined from a control population of individuals who have
undergone treatment with a therapeutic agent and whose levels or profiles have

20  plateaued in response to treatment. Measured values of levels or profiles in a patient are
compared with the control value. If the measured level in a patient is not significantly
different (e.g., more than one standard deviation) from the control value, treatment can
be discontinued. If the level in a patient is significantly below the control value,
continued administration of agent is warranted. If the level in the patient persists below

25  the control value, then a change in treatment may be indicated.

In other methods, a patient who is not presently receiving treatment but
has undergone a previous course of treatment is monitored for antibody levels or profiles
to determine whether a resumption of treatment is required. The measured level or
proﬁ.le in the patient can be compared with a value previously achieved in the patient

30 after a previous course of treatment. A significant decrease relative to the previous
measurement (i.e., greater than a fypical margin of error in repeat measurements of the

same sample) is an indication that treatment can be resumed. Alternatively, the value

measured in a patient can be compared with a control value (mean plus standard

57



conpositions can also include, depending on the formnul ati on desired,

phar maceutical | y- acceptable, non-toxic carriers or diluents, which are
defined as vehicles cormmonly used 54 to formul ate pharmaceuti cal
conpositions for animal or human adm nistration. The diluent is selected
so as not to affect the biological activity of the conmbination. Exanples
of such diluents are distilled water, physiological phosphate-buffered
saline, Ringer's solutions, dextrose solution, and Hank's solution. In

addi tion, ceut..ca osition or fo | at i on may .al so i ncl ude

other carri erg‘?séat{%(ﬁ’?der{?m ied iz Iapo;hxg%ﬂ)g)af oS ANGE POUSERAIN &2 CHNEYS Of FreHBIgRi ¢

stabilizers Aﬂtdmbﬂn&ly itheemeainad nElGE1H d mbnm@&rﬁp@mwﬁaa calt®d vhlpelude

| ar ge, sl ova tabol i ze macr.onol egul es such as, proteins, polysaccharides
{H y}a&tn

such as chlt ath%? ALy feate BB‘P?&IWW&‘“&EE SYRR{o®mS Bbelijerss.s

(such as | at &D(pcfpunﬁbmm@idrﬁﬁdtw%ﬂ?h@it@@ﬁf{thMs,wh%Qh@\gﬁﬁmQﬁ&an@r%t{dxgegs%e and the
like), po ymi_mc am.no _aci am no acid_copolyners, and |ipid aggregates

(such as iprisics. 6’?”?&8%&@?}* a shgrafiganbdasraage refatiue 1 theeanitiol 1§Vdan
function as (xmmmﬁ,hﬁmh@ﬁdawda@mhﬁs(ahuﬁncat&%awr@&ﬁéat shE&ag e

adm ni stration, agents of the invention can be adm nistere as I nj ect abl e
dosages of aaE%ﬂcﬂ ion or suspension of the substance in a physiologically

15 acceptabl e dil uent "Mfethsxﬁ SQ&]F\] nykxg?étyﬁ%lf)bq%% Hﬁ%mﬁgganﬁmucéﬁﬁe;' le

liquid such as water oils, ycero I ona
auxiliary suﬁ%‘?&ﬁé‘éébfowhﬂa@ from thﬁ rl?gtl@ti Thfmah'@lehy amRyzzdefot sxanply, farct ant s,

P o £ o0, "9e9DS! ABRES oPRnbIE oAl BT ALERT prdfles TATRRSL O0° Q her

conmponent s of ar rraceu I ca et ani nal ,
veget abl e, oanttbydlbhﬁILISAonetg:bds pfﬂaeaagaﬁmcﬂ;esppam&mmﬂ axeaesyhemn%é , 20

and m neral ene col s, such as opyl ene gl ycol or

pol yet hyl eneg é??lsegpé’ ﬂ’p‘f’%‘fag’# S5 q“’qﬁ ‘g%am%l "e&y“ aﬁﬁ’ﬂ’t‘f‘&’ﬁ@ aptibpdy &y

i nj ectabl e saammmaslsmgmebﬂﬂg@smwe&aanadnh@mﬂfrsgmgacmﬁs hgiynaof a depot
i njection or whi.ch can be fornulated in such a manner

ation,
as to perm tdeéé@ﬁgthﬁ'ieﬁ“eg‘? é’é’é@défa tistue seatpls Bom Agruent bping teajsd i exenpl ary

CONMPOSi t150N ARl S8t ABNIE Hesahs (@@t ifRElY PBIAPP n‘f@x/sg‘md 95@@}(%&9 in 25
aqueous buf f sistin adjusted to pH

f. 50 L- hi d
50w th SRR, Qe GG R i o oid depost s RBOBISFES, ei ( her
as liquid sThexistnge Sd extenPEMISaPNE respMst ProvitledBn fHdichadH 6f hOExisQWbLLN 1 N,

or suspens Olgve!] rc])f antxbgdxesd effective to clear AP in the tissue sample of the patient under test.
The antibody profile following passive immunization typically shows an
20  immediate peak in antibody concentration followed by an exponential decay. Without a
further dosage, the decay approaches pretreatment levels within a period of days to
months depending on the half-life of the antibody administered.
In some methods, a baseline measurement of antibody to A in the
patient is made before administration, a second measurement is made soon thereafter to
25  determine the peak antibody level, and one or more further measurements are made at
intervals to monitor decay of antibody levels. When the level of antibody has declined
to baseline or a predetermined percentage of the peak less baseline (e.g., 50%, 25% or
10%), administration of a further dosage of antibody is administered. In some methods,
peak or subsequent measured levels less background are compared with reference levels
30  previously determined to constitute a beneficial prophylactic or therapeutic treatment

regime in other patients. If the measured antibody level is significantly less than a

reference level (e.g., less than the mean minus one standard deviation of the reference
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vehicles prior to injection can also be prepared. The preparation also can
be enul sified 30 or encapsulated in |iposonmes or mcro particles such as
pol yl acti de, polyglycolide, or copolyner for enhanced adjuvant effect, as
di scussed above (see Langer, Science 249: 1527 (1990) and Hanes, Advanced
Drug Delivery Reviews 28:97 (1997)). The agents of this invention can be
adm nistered in the formof a depot injection or inplant 55 preparation,
whi ch - can be forrmulated in such a manner as to pernmt a sustained or

pul satile rel : ti.ve edient. Additiognal formulations

sui tabl e foreva%t?i@rp gﬁlg%%?ogcag%'?ﬁ bnelgg’f‘trl f%rﬂ ‘feiﬁﬁtef’\ﬁagmwsgﬁtmi @éﬁg@avél and
pul nonary f odasegextfiantilsgdyssimdistes.ori es, and transdernal 5 applications. For
suppositories, binders, and carrjers i.nclude, for exanple, polyal kyl ene
glycols or triglyceri doé@?*mé’ﬂg etb?f{?dﬂ@l’é:eo‘?‘?'@go”@&fp"ﬁ’éﬁfﬁ6?%%"11&“?36?’??%{@&’1r es
cont ai ni ng tdrerecagtizedphysigiogidis aiptomelgh) hiHed 8r Abntat %id?n)*@%ne@’r@fi&f abl'y

1% 2% Orsal oltlr:?,rml at ihons ncl ude excipi ents, such as pharmaceut’ical grades
of manni tol , % RCETLE"ES CHPUR iy a8 fPsPeRitos rBy cddnsFrifdiseasenig s .ne,

cel lul ose, aARheEMENEdisetdt)C FobBidipte, oRé €SB dflior LIRATIL in%ﬁ‘mteﬁ‘tkeﬂ\lterl]ﬁteior m of
sol utions, suspensions, tablets, pills, capsules, sustained release

for mul at i ond'S /Y BBRA Alzhsimercitispse anddRomys svndeasme s canaisaeatcenwithout
preferably  oher%hdiR¥ferisliePbCitherdthdse 8lsbARBs. CRBr @l cdoli or

i ntradernmal delivery. Topical adnjsni’strasti on é‘angk’ec%‘gggfvﬁi%?g%dgﬂggm

co- adni ni st restMYHtoFTd hyfistesgining anatisntiswspeeren tha MinigemalSitate Exaoniidf i ed

der i vat i10eS AREorasRUMith%ohHBEER hr@iznSl R ccidlid erial toxins (See
denn et al., I\rlature139(1), 8511 (19&&‘31)). C%O%g r?if%i&g&?g%i on can be achi eved by
using the conponents as a mxture or as |inked nol ecul es obtained by

chem cal crosslinkingrneXxpression as a fusion protein. Alternatively,
transdermal delivery can _be achieved using a skin path or 20 using
transferosones (Paul d&he mventpofurtier pravides &its fo? erferpiing the @ohitoiave et at,

Bi ochem Bi Qpfiisus dASH o 2005 15 ( L1, Monjtoring.the Course of
Treat ment The i?\d\ientl g?\dl%o?%?/i gé’s]éailgtﬁggg}% onih el“#\ a‘tslpggf"f‘?éﬁtb"i '
patient 135 sofipali¢sig ABr dile dit caualseicludt e 14bel. Afoz detedtin' of antiboies td A, the

o 0d TEPHIGSCAy ih BEALAED 0] AR I SHROEL 'or deRlon S T

f
o

nmet hods can be us or
antibodies, the agent can be supplied prebound to a solid phase, such as to the wells of a

microtiter dish. Kits also typically contain labeling providing directions for use of the
kit. The labeling may also include a chart or other correspondence regime correlating

20 levels of measured label with levels of antibodies to AB. The term labeling refers to any
written or recorded material that is attached to, or otherwise accompanies a kit at any
time during its manufacture, transport, sale or use. For example, the term labeling
encompasses advertising leaflets and brochures, packaging materials, instructions, audio
or videocassettes, computer discs, as well as writing imprinted directly on kits.

25 The invention also provides diagnostic kits, for example, research,
detection and/or diagnostic kits (e.g., for performing in vivo imaging). Such kits
typically contain an antibody for binding to an epitope of AP, preferably within residues
1-10. Preferably, the antibody is labeled or a secondary labeling reagent is included in
the kit. Preferably, the kit is Jabeled with instructions for performing the intended

30  application, for example, for performing an in vivo imaging assay. Exemplary

antibodies are those described herein.
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treatnment on synptomatic patients and prophylactic treatnent on
asynptomatic patients. In particular, the methods are useful for
nonitoring passive inmunization (e.g., neasuring |level of adm nistered
anti body). 30 Sone nethods entail determ ning a baseline value, for
exanple, of an antibody level or profile in a patient, before

adm ni stering a dosage of agent, and conparing this with a value for the
profile or level after treatnment. A significant increase (i.e., greater

than the typical nmargig B:fm? !Eent al error in repeat 56 neasurenents of

t he sane sanpl e, expr standard deviation fromthe nean of such
rreasurerrents) [ n vaI uelhsfintehgord poeldesmethods ¢f i@ vob gnadiss anyioRl depysits ik g£at ment

outcone (i. maLstrat f the a has achi a desired
response) . Qa’“f: ‘r’f Ef“ué’ofi%?re “Fﬁ@ﬁﬁ%g}ﬁég%%ﬁég 'glﬁ&f?ﬁfios‘éﬂg%gge@e@ﬁl ficantly,
or decr easesdiseaasejegaisteppibity theftdIHRur Qi1 Be mSthoBst Me@Bed drih iR

nmet hods, §& control va and standard deviation) of Ievel or

profile i s JEEEPIRSY F’S?’gtaméBE‘EW’Eﬂ"t‘boHGP%?th?Ht hatgpaosmel myleid depasitei dual s

in the contthed the pptidndis 1ikalysaferinpOfrorh PSRl Pdikdabe. L TR cadBiaSHE €d
values of the |level or profile in a patient after admnistering a

t her apeutic ﬁ@%ﬂ‘f a%?’é"‘i’ﬁ%ﬁ PRBFHSa i EseRrE of abRemah derssits ofi amydgid éndicates
signi ficant quBEhBRHES tB%taﬁd s‘ﬁﬁlp{o%atlbﬁlsg&@t AL méflod€are GisH use rﬁ%gﬁxtéﬁ%n one

standard devijation fromthe nmean) signals a positive or sufficient
t r eat ment mﬂ‘%?&?i*‘e"mﬂesslmd’c%@d@r TSPYRF 19 Eefment i patiests vdio lavelbengastowslgnal s a

negat i vegoor dl@gggdlﬁlupnxzhglﬁﬁgg AROLe Outcone. Adm nistration of agent is
generally continued while the level is increasing relative to the control

val ue. As before, at t’giqm@mdsﬂorlabbhqumlaamgﬁet sich@s antitody that bieds 15 i s

an i ndi cat or, ed or
reduced in t%%?:goeﬁ]ggcﬁ%Wrtgg{%#ggﬂg n g%‘ﬁ “ ’%?ﬁso ‘?ePrc?}c‘) ? m\?ﬁieﬁe of
the | evel orbimpttofAR eep(oeixsgn,apaummhammmdsmmdanwbngmvmmmepn@e.determ' ned
froma contrgl g.p atl on of |nd|(\é/¢g£;| vvho have undergone treatnent with
a ther apeut |"t“t’§§ DS hELPIRY H‘r‘H’P‘i"Pé%‘dhb\}QaEﬂ’aﬁMiaé'aued in

responsqsto ;ﬁ'é’f@l@édrﬂﬂtsommméae%élﬁeltlﬁ&% IQBdJ to\4f |e§1t(§He Wi ihes al:n'as 9-1B%tf' ent
contr.ol | f the measured level in a patient is

hot SFSL'F? : gbg%v%*g aaih‘rcrdé"rsémmé'é @Pd Wlﬁhﬂ“&lﬂ@ﬁaﬂg akbsantel gleaang eespanss.ol) from
the control ovigh Hethdds SR fRBbaF&fds B%n @t»ﬁ@%%h{‘#%qmo akidl 1S clf%/[? ! SucﬁI a

patient is significantly bel ow the con
antibodies typically bind and induce a clearing response to AB. However, the clearing

response can be avoided by using antibody fragments lacking a full-length constant

20  region, such as Fabs. In some methods, the same antibody can serve as both a treatment
and diagnostic reagent. In general, antibodies binding to epitopes C-terminal to residue
10 of AP do not show as strong a signal as antibodies binding to epitopes within residues
1-10, presumably because the C-terminal epitopes are inaccessible in amyloid deposits.
Accordingly, such antibodies are less preferred.

25 Diagnostic reagents 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 reagent is labeled, although in some methods, the
primary reagent with affinity for Ap is unlabelled and a secondary labeling agent is used

30  tobind to the primary reagent. The choice of label depends on the means of detection.

For example, a fluorescent label is suitable for optical detection. Use of paramagnetic
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continued adm ni stration of agent is warranted. If the level in the patient
persists below 25 the control value, then a change in treatnent may be
indicated. In other nethods, a patient who is not presently receiving
treatment but has undergone a previous course of treatnment is nonitored
for anti body levels or profiles to determ ne whether a resunption of
treatnent is required. The neasured level or profile in the patient can be
conpared Wi th a val ue previously achieved in the patient 30 after a

b evi ous - mobel Bl SRR Emog s 8Peqind Fowypaa ey oRagptesei n
repeat rreasukabeﬂanhsdmdbddmaﬁl&ﬁ&:g?@ﬂﬂrfs}'m an indication that treatnent
can be resuned. Alter Ilvely, measured in a_patient can be
conpared with a contr a%‘é‘?slf’és E’?fg’éﬂ ‘SL Ysorapagdbemumbeaeiacetnidin intersiter ni ned

in a popul at ofiabadéd J0ail icdhespdhtiRp basedRs Ctidig me%%éﬁﬁl% v%eécfaﬁfi‘%]ﬂ@s@% the
Al ter natlvelu%l, t he npasured value in a patient can be conpare wntﬁﬁ a

control val FECRHeV§IR A RaPRIsHEn Bf“"ﬁl‘séi*ﬂ%}l"%i’é‘tlﬁ'@éﬁ | Baselineatadugs p@tal@nts who
remai n free Rpres 9 Bus Avedidge R,Q,S:LH 0 ally
treated pati eir)lt sw\mo show amgl i g?lgﬁ lcx)ﬁr“é)f sagig}éte%é %an%pgeﬁ)%r%ﬁg e In all
of these cas@d bedeteryived incppatieatchefara besinningitreatmentpandreeasued vales eveI

(i.e., nore {ha totr

Shoui @ be resumgﬁ&.‘:ﬁ‘“@é’*‘égé‘?‘.‘ﬂﬁé{*ﬁ'ﬁ&W%%“Eiuf’é’*s%“é' e hesriiyap BofRe
typically bl%wsmcéﬁw&reseemsamtrmnmerus fluid or cerebrospi naI fluid from

t he patll nt. The sanple is analyzed, for exanple, for 10 levels or
profiles of anti bodies to AR peptide, e.g., levels or profiles of humani zed
anti bodi es. ELI SA net Hiepreséntdmteatdr Wil lenhode dalil edesehitdivlyitke foQovwiRg Hos-

descri bed i njhingag gggﬁﬁrques section. In sone nethods, the level or profile
of an adm ni stered anti body is determ ned using a cI eari ng assay, for
exanple, in an in vitro phagocytosis assay, as described herein: In such
nmet hods, a tissue sanple froma patient being tested is 15 contacted with
anyl oi d deposits (e.g., froma PDAPP nouse) and phagocytic cells bearing
Fc receptors. Subsequent clearing of the anyloid deposit is then nonitored.
The exi stence and extent of clearing response provides an indication of the
exi stence and |evel of antibodies effective to clear AP in the tissue
sanpl e of the patient under test. The anti body profile foll ow ng passive

i muni zation typically shows an 20 i nmedi ate peak in anti body
concentration followed by an exponential decay. Wthout a
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further dosage, the decay approaches pretreatnent |evels within a period of
days to nonths depending on the half-life of the anti body adm nistered. In
sone net hods, a baseline neasurenent of antibody to ARin the patient is
made before adm nistration, a second neasurenent is nmade soon thereafter to
25 determ ne the peak anti body |evel, and one or nore further neasurenents
are nmade at intervals to nonitor decay of antibody |evels. Wen the |evel
of anti bogly. hagndectddadisot o@@e%%l}l/ Bfe SHthdebREIBLRE ka8 dPRISLMIPRAE4 t he
peak | ess baseline (e.g., 50% 25%or 10%, adm nistration of a further
dosage ofwvihthepwamperss! t8diPni stered. I n some methods, peak or subsequent
nmeasured | evel s | ess background are conpared with reference levels 30 -
previously determ ned to constitute a beneficial prophylactic or

t her apeutic treatnent J i : i - . & ant i body
level is signi ?i cant @uléaglgiggﬁﬁgﬂngél%?gr e%?&f%%’é‘?nsﬁ&ﬁg?ggséﬁ han t he
mean N nusomplemshanddatecmiemg atgiamn (GPRsh&omghe t e nB@nogidbybin liphtmbpinl at i on

of patients.henefiting fr Lnj strati. .an additional
Goshges of Vb feae Shenke T A AR tn HTp Mob R ARECR O B BRI N,

over the cegismseranh athnmai aeteptor amyunagidbuliedghnitmedseghgree,gdrogiel tytgpt om
(e.g., ph;sfsical r nent al (ﬁ%lrlrﬁptgrgt r ut.i(r;tglg relie 5 .0n bg researchers or
physi ci an ear“‘()mlfilg‘ij’?ﬁ%"é 5! s &ﬁ%@%ﬁh T ST CP YL REC PRSI zhei ner ' s
di sease) . ffogi thenadlist €2BOHghtCARn Vaiall©fegiongsaijlidne€ whepdh tedrimewbie 1 atter s

a synptom of Al zheiner's disease and.Down's syndrome but can al so occur
wi thout  GtBie 1§ pripcied Bom &hq %’guﬁ)?oné'isf‘%ﬁ\’,\fof t hese di seases. For exanpl e,

cogni tipve i NpaisyTent; residue thit noRRbYMérRY Uadsdatigendificng a patient’s score on
the Mni-Mental State Examin 10 accordance wth convention throughout the
course of treat(ent 2 resduegdjasentipa CRRention further provides.kits for

perform ng the(g§oni LK nte Sdelesgd | bed above. Typically, such kits
contain an agent” that specifically binds to 15 antibodies to Ap. The kit

can al so includ@ a [2apddue pagicipaaipd it the Y LoV thirterBe’li es to AR the label is
typically in the formof |abeled anti-idiotypic antibodies. For detection
of .antibodies, the agent can be supplied prebound to a solid phase, such
as to Ibhe wel | - of . & hymanigad imgrungglehulindieayy ghaim ceryprising Yajiablsmegidm | abel i ng

10147 S S i B bt fSladhas) e e o
chain variable region sequence set forth as SEQ ID NO:4 and comprising variable
framework regions from a human acceptor immunoglobulin heavy chain, ;Srovided that
at least one framework residue is substituted with the corresponding amino acid residue
20  from the mouse 12B4 heavy chain variable region sequence, wherein the framework
residue is selected from the group consisting of:
(a) a residue that non-covalently binds antigen directly;
(b) . aresidue adjacent to a CDR;
(c) a CDR-interacting residue; and

25 (d) a residue participating in the VL-VH interface.

3. The light chain of claim 1, wherein a CDR-interacting residue is
identified by modéling the 12B4 light chain based on the solved structure of 2 murine
ifnmunoglof)ulin light chain that sﬁares at least 70% sequence identity with the 12B4

30  light chain. ‘
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20 |l evels of neasured |label with |levels of antibodies to A. The term

| abeling refers to any witten or recorded material that is attached to,
or otherw se acconpanies a kit at any tinme during its manufacture,
transport, sale .or use. For exanple, the termlabeling enconpasses
advertising |l eaflets and brochures, packaging materials, instructions,
audi o or videocassettes, conputer discs, as well as witing inprinted
directly on kits. 25 The invention al so provides diagnostic kits, for
exanpl e, researchg, detmh@mahaﬂ@m&uﬂi a»gia&srt b COR-trgerh@irg resif@ris pRAET BN NQ
in vivo imging). Such kits typical tain An antlb?%gﬁfor binding to

an epitope obY Fiodelingsthe L 2B ieh§ haim a? ‘ééoml SPCtET 8 By, the

antibody is lramh o&nmalgafeaﬁnmwshh@bai nemso%asg@mncmehn@wdﬂde iipR4t he
Kit. Preferabl%t e kit is labeled with instructions for performng the
I

i ntended 30 #ppichedii on, for exanple, for performng an in vivo inaging
assay. EXﬁrrpI ary anti bodi es are those described herein. 59 D. In vivo
I magi ng The invention provides nethods of in vivo imaging anyloid deposits
ina patient. Suéh mefThotightzheain@é elpim 1 herpiagr{dR-ipterasting fesidielisagnosi s of

Al zheimer’ s ; di 5885 m8§e1§+§%ﬁ§%ﬂ ﬁhtcxa.massreatomh&%ﬁve% & oflaMfydFR! hods

can be used on a pa resenti enenti a. t he
pati ent has abmno@bbtamyigm dxadem@sah'@e;s at ltCh%ﬁO%h?eqtngF alentifysvith thellyB4
suffering fr? {thhel mer's di sease. The nethods can al so be wused on
asynpt omati c g}‘ 8%t s. Presence of abnor nal deposits of anyloid indicates
susceptibdlity to future synptomatic di sease The net hods are aI so usef ul

for nonitoring dlseas [ession and or sp to treat

pati ents who have been$5$évgﬁﬁgy9° ORIVl 88qaigﬂn%f§ﬂ%ﬁr ues’sdlsease
The net hods waenkfieybypabtidlingttRe | TBY Reavg alimbasesd ua hlml\&ﬁtstrbﬂdl}c df Aafurtyiends
to AD, to the patlénb and then dete ting ;he ent afte ﬁk b?ﬁ§$'
Preferred antPBYBPELbulg;nsavY ah(( AFIPGS tt§a‘°1t 2 SpR{ER eﬁﬁ‘?’ﬁ"d theyj ng to
full length ARRydkypeptide. Antibodies binding to an epitope of AR w thin

am no aC| ds 1-10 are particularly 15 preferred. In some nethods, the
ant i body 1Binds to an epitope within amno acids 7-10 of A Such anti bodi es

typically bind w tzhout Thé gy REaia of bk AN hetkin Gl GOR lifgracesPRMNgERs isl N ot her
met hods, the antibody binds to an epitope within am no acids 1-7 of A(3.

Such anti bod‘ile@§ﬁﬁ‘§/BY @aﬂ?lwgahw%hﬁvna ip based PR ARG $9) elSEPEHS O RgnyKine
However, the;ghRaksB8lin heavy chain that shares at least 80% sequence identity with the 12B4

heavy chain.
20
8. The heavy chain of claim 2, wherein a CDR-interacting restdue is
identified by modeling the 12B4 heavy chain based on the solved structure of a murine
immunoglobulin heavy chain that shares at least 90% sequence identity with the 12B4
heavy chain.
25
9. A humanized immunogiobulin light chain compnising variable region
complementary determining regions (CDRs) from the 12B4 immunoglobulin light chain
variable region sequence set forth as SEQ ID NO:2, and compunsing variable framework
regions fro‘m a human acceptor immunoglobulin light chain sequence, provided that at
30 Ieést one framework residue is substituted with the corresponding amino acid residue

from the mouse 12B4 light chain variable region sequence, wherein the framework
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response can be avoi ded by using antibody fragnments |lacking a full-length
constant 20 region, such as Fabs. In sone nethods, the sane anti body can
serve as both a treatnent and diagnostic reagent. In general, antibodies
binding to epitopes Ctermnal to residue 10 of AD do not show as strong a
signal as antibodies binding to epitopes within residues 1-10, presunably
because the C-term nal epitopes are inaccessible in anyloid deposits.
Accordingly, such antibodies are |ess preferred. 25 D agnostic reagents can
be adm ni stered by._int aveno cti t.o t bad f.the.patient, or
Girectly it rHet B REPRIR e ST P g b <8R SPrTRABR “hof o

t hr ough t he fskatlon.as ideeti lasiBgmablsisrod aglerat- dsimldzhalhﬁodml bﬁth& valighls agpkory. anges
as for treatnent nethods. Typically, the reagent is |abeled, although in
sone nethods, the primary reagent with affinity for A(3 is unlabelled and
a secondary Iabeluong aglﬁﬂﬁadxﬁedumﬁﬁnaglobmublhdidybﬁhxﬁ Ekﬁnﬂﬁdlﬁ@V%ab%&gQBE The
choi ce of | abel depends on the neans of detecti

f1 uor escént PHPMMINErE fFeRHNBE FEs R CHR HBEI‘EEtI?%ﬁ‘m‘@g%"%‘?b“ﬂ&rhﬁﬁ‘&gnet| c

60 | abel s i shaihi viaalWI€ rdefin deQUENIE 31 Foren SSRGS D QDM 4AQImpEidingivaalble
intervention. Radioactive |I|abels can also be detected using PET or SPECT.

Di agnosi s | ST35eeYask FREPNS JTorbHP AheFCEmar ingnpraglobs|in Beavyfia gy priomidedidiat y  of
| abel ed loc'a’tléagt FRHaARReAMBuDRSEb ARy RiHES: comsjmb.agpg alnhﬁ'@aé{@!réé Can

represent the mean | evels in a popul ation of undi seased indivi
Basel i ne valfous tlmnowbéém beaveshan varishle mgson segednse, dét@'mthfefdamqwqrhe sarre

patient. FOrreSé@J@'a‘?es&%%%dbﬁ‘ee%*’ﬂe%@r eeg@g fin 9515 J‘Pegx%ﬂ cbBfofni! Nt

bef ore begl nning treatnent, an ues ter conpar Bd with
t he basel i ndunetianas xdeAnﬁl@bbmé/swrpf\aahraedlm@ismnamoctemosdse'lamtée regiggnal s a
positive response to treatnment. 10 The present invention will be nore fully
described by the following non- Iimting exanples. 61 The present invention
al so provides anyllone Tae hghte:hanxtnfctiamarﬁ wheiiescthe Sretievetkonsidnalisiselditedit ed
with the nunlié) |nI| ht chain
Corpr | o1 ng. AT 3 S o AP UR R LR E R Bipethd t o) 1 rom
t he 125415I mmaﬁg{aokwhe tntigeg Bindleasits, a residue capable of interacting with a CDR, a
residue adjacent to a CDR, a residue within 6 A of a CDR residue, a canonical residue, a
vernier zone residue, an interchain packing residue, a rare residue, and a .glycoslyat_lon

site residue on the surface of the structural model.

20 12. The heavy chain of claim 10, wherein the framework residue is selected
from the group .consisting of a residue capable of interacting with antigen, a residue
proximal to the antigen binding site, a residue capable of interécting with a CDR, a
residue adjacent to a CDR, a residue within 6 A of a CDR residue, a canonical residue, a

_ vemier zone residue, an interchain packing residue, an unusual residue, and a

25  glycoslyation site residue on the surface of the structural model.

13. The light chain of claim 9 or 11, wherein the framework residue 1s
identified by modeling the 12B4 light chain based on the solved structure of a murine
~ immunoglobulin hight chain that shares at least 70% sequence-identity with the 12B4
30 ]igﬁt chain.
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5 variabl e regi on sequence set forth as SEQ ID NG 2, and conpri sing

vari abl e framework regions froma human acceptor i nmunoglobulin I'ight chain
sequence, provided that at |east one framework residue is substituted with
the corresponding amno acid residue fromthe nouse 12B4 |ight chain

vari abl e regi on sequence, wherein the franework residue is selected from
the group consisting of 10 (a) a residue that non-coval ently binds antigen
directly; (b) a residue adjacent to a CDR, (c) a CDR-interacting residue;
and (d)- a residue participating in the VL-VH interface. 15 2. A humani zed
i mmunogl obul i n hedvy cHeilrght ompr ofsilaig Yar | labiherdie giedramerarpreidaatar y

determ ni ng .,eqi - r i nogl obul i,n_heavy . chain

vari abl e reg'fi%ﬁlfgegq%ge"%(%gﬁééhcﬂg’?%a’%gé&%%ﬂb Sgﬁvﬁdégﬁ‘%ﬂe&fﬁé’“{fﬁ‘f*i abl e
framewor k r eginnsgfabolin Hgltwinain tiet clgésort 16a3N80%0 Gbqlettd ideMaawithahal 184

provi ded that h %g | east one franmework residue is substituted with the
correspondi bgé #% acid residue 20 fromthe nouse 12B4 heavy chain

vari abl e sregi on sequence, wherein the framework residue is selected from
the group consisting of (a) a resjdue that non-coval ently binds antigen
directly: (b) . & res"ih&dt%}‘&%f}aab aipy of Idpphereyy ths famRwiosk epidie isng

resi due; anddefifed)byanddeBhguR 108k tighi dhald med@nmaesomayﬁdu%%ﬂgﬁﬁm?’; The
light chain of claiml1, wherein a éDR—I nteracting residue is 1dentified: by
nodel i ng -t he™es|abyhin lightghainshas shprespt deast A5k veqheses identity withftheal 3R4 i ne

i munogl obulli%m bhght chain that shares at |east 70% sequence identity with
the 12B4 30 Tight chain. 6l1a 4. The light chain of claim1l, wherein a
CDR-i ntef¥acting residue is identified by nodeling the 12B4 |ight chain
based on the sol v st : STl [ ql ' L ght .chai n that
shares at |east 81%&) s%‘gg]%g‘r ‘ihgfélnﬁ%%% vxll:ate0 h 1tb Trﬁgy%g%ﬁpﬁ%ﬁ‘ka%(%aﬁl%ge '8 5. The
| i ght chai n id¢ntdied bpntodeimgtheil AB4 h&BR-chaindrasest mipe selsedistaucige of a murine

immunoglobulin heavy chain that shares at least 70% sequence identity with the 12B4

" heavy chain.
15 y . .

17. The heavy chain of claim 10 or 12, wherein the framework residue is
identified by modeling the 12B4 heavy chain based on the solved structure of a murine
immunoglobulin heavy chain that shares at least 80% sequence identity with the 12B4
heavy chain,

20

18. The heavy chain of claim 10 or 12, wherein the framework residue is
identified by modeling the 12B4 heavy chain based on the solved structure of a murine
immunoglobulin heavy chain that shares at least 90% sequence identity with the 12B4

, * heavy chain.
25

19. A light chain comprising the complementarity determining regions
(CDRs) and variable region framework residue L2 (Kabat numbering convention) from
the monocl'onal antibody 1284 light chain, wherein the remainder of the light chain is

from a human immunoglobulin.
30
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identified by nodeling the 12B4 |ight chain based on the solved structure
of a murine inmmunoglobulin [ight chain that shares at | east 90% sequence
identity with the 12B4 |I|ight chain. 10 6. The heavy chain of claim 2,
wherein a CDR-interacting residue is identified by nodeling the 12B4 heavy
chain based on the solved structure of a nurine immnogl obulin heavy chain
that shares at |east 70% sequence identity wth the 12B4 heavy chain. 15
7. The heavy chain of claim2, wherein a CDR-interacting residue is

identified by modgling e, é%?a%cd?@ﬁ‘yﬂngcth@-b&nﬂét%@rqagﬂ &elﬂé?m%mlé’%gloﬁg ructure

of a murine _inmmunoglobuli’n heavy chain that shares "at | east % sequence

identity w {®DP Bﬁbanfzenablhémwerkaqeﬁduasd‘l% H2¢hH2R 338 H48aHA9.d16 76 Hal nari,
wherein a Chfgi( Rta@{t%ﬁﬁbogrgng&%'vgﬂl%n') Fomi HERbLhS A& QA/szlangtawF&Jr} cﬁ}%m heavy

chain based on the solv Structure of a nurine | nmuun obu eavy chain
t hat shar es vAerdiedstrerag9ges of therhcavy ehein is frprvd ltuhmm@mmlobhéavy chain. 25
9. A hungnl zed i mmunogl obulin I'ight chain conprising variable region

conpl ementary determ ning regions (CDRs) fromthe 12B4 i nmunogl obulin |ight
chain variable l?.égi oA }Eequerwecmridr@rthhcnaspl&iE@uh:ﬁlyI\[atc?mirﬁmgjregmnpri si ng

variable fr osfro l.obul in Iight
chain seque@w{)row ﬁ%‘tew r§8 ng-ib[@g{gsz—;jﬁ ﬁ‘b‘(ﬁ?ﬂa‘? D2} Ypdsrigs

substi t ut ed cm\tehtmrk)efranommmkdnngmamdyol MI}ﬂa‘F}eﬂiadu evhefeﬁ@metrémalfrw%@ 12B4
i ght chain qbeﬁabl e re ﬁ uence, FI n the framework 61b residue is
a residue c& ?éygfa"h‘fs ﬂ'ﬂfr} W“%‘? Wrari abl e regi on conformation or
functiomoas | dent| fied by anal ysis of a three-di nensional nodel of the

vari abl e region. 0 A huna&\azed [ mrunntcp;l obuI i n heavy, chain conprising
variabl e region 2% coftgiSBRETRHY SPRRSEEEHF PR tey detspRENNE ©8IeNS he 12B4

i mmunog! obul((L‘DRB)eﬂMWanﬁlhaErﬂm\éﬁbtk&l@&:@uersﬁmwflﬁW'ﬂm 5o\ 2h@HYY (RSHaPEQ | D
NG 4, and conprising varjable
numbering convention) from the monoclonal antibody 12B4 heavy chain, wherein the
remainder of the heavy chain is from a human nmmunoglobulm.

15

23. A humanized immunoglobulin comprising the light chain of any one of
the preceding claims, and the heavy chain of any one of the preceding claims, or

antigen-binding fragment of said immunogiobulin.

20 24.  The immunoglobulin or antigen binding fragment of claim 23, which

specifically binds to beta amyloid peptide (AB) with a binding affinity of at least 107 M.

25. The immunoglobulin or antigen binding fragment of claim 23, which
specifically binds to beta amyloid pepﬁde (AB) with a binding affinity of at least 10" M.
25
26. The immunoglobulin or antigen binding fragment of claim 23, which

specifically binds to beta amyloid peptide (AB) with a binding affinity of at least 10 M.

27. The immunoglobulin or antigen binding fragment of claim 23, wherein

30  the heavy chain isotype is gamma 1.
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framewor k regions froma human acceptor inmunogl obulin heavy chain,
provided that at |east one franework residue is substituted with the
correspondi ng amino acid residue fromthe nouse 12B4 heavy chain vari able
regi on sequence,. wherein the framework 10 residue is a residue capabl e of
affecting heavy chain variable region conformation or function as
identified by analysis of a three-dinensional nodel of the variable region.
11. The light chain of claim9, wherein the framework residue is selected

fromthe group. cegsi sty I ble of interacting wth
antigen, a resi dugg' 15&1;1)‘?%?(:?{% lc{b%%%ﬁ%%?%énﬁ?ﬁ %%ﬁ“ﬁed‘ gffclél,m g3’r"€§‘f*ﬂue
capabl e of i binds tcdalutde bdtd hmaloDieptide (ARSI due adj acent to a CDR, a residue
within 6 A of a CDR residue, a canonical residue, a vernier zone residue,
ani nterchain packing residue, :a rare residue, and a glycoslyation site

residue on the sue$.aceThd inifi€nogidbulih OF ahti ¥R BRding2Pachient JNQaiRERY Wighai n of
claim 10, wherein the framework residue is selecte fromthe group

consi stimy ofinds feRgeHisated Rpanryiee pepitder(A8di ng with antigen, a residue
proximal to the antigen binding site, a residue capable of interacting with
.a CDR, a residue adjacent to a CDR, a residue within 6 A of a CDR residue,
a canoni cal residd@, aTheimmeogkabuin pesitiigr birdmg frigarenhaf dlaipazk iwnghr esi due,

an unusual regsidye - .25 qgl.ycosl ion site resid on the surface of
t he structur%ﬁh%daenle.%ng%e%'fﬁg r%'ggﬁggéyhgébﬁ%o?m%?'giW%‘E%&%l, wherein the
framework residue is identified by nodeling the 12B4 |ight chain based on
the solved structyre of, a.nmunne . .inpmunoglobylin Iight chain that shares at
| east 70% sequenc i"i deﬁ?‘? f’?"W??r‘OEE“R'é‘ %2&‘48‘3“%"4‘]?%ﬁ’PSTEﬂ}iiOﬁ?lamélmhlchrhe
light chain mtdiatedipRagdcbsid 3f batb@hglo pepeidt [RgpWor k residue is identified

by nodeling the 12B4 |ight chain based on the solved structure of a mnurine
i mmunogl obulin I'ight chain that shares at | east 80% sequence identity with

the 12B4 |ight chain. the kRmuddBobulihr 2t bi of; i m 11 erein the
framework residue is i d%n.ti ?ié_ehgo_ byl rrpé}ell rrllg%lﬁnegq}%ﬁar\?iogﬁtm%%%%'%sed on
the sol ved s¥PEEE thedlesid-tyaimbalmins in & pyhierdgl obul in i ght chain that shares at

| east 90f9 sequence identity with the 12B4 |ight chain.

33. The immunoglobulin or antigen binding fragment of claim 23, which

reduces beta amyloid peptide (AB)' pl.aqué burden in a subject.

34, A humanized antibody comprising the complementary determining
20  regions (CDR1, CDR2 and CDR3) of the 12B4 variable light chain sequ_énce set forth as
SEQ ID NO:2. '

3s. A humanized antibody comprising the complementary determining
regions (CDR1, CDR2 and CDR3) of the 12B4 variable heavy chain sequence set forth
25 as SEQID NO:4.

- 36. A humanized antibody, or antigen-binding fragment théreof, which
specifically binds to beta amyloid peptide (AB), comprising a variable region comprising
complementary determining regions (CDRs) corresponding to CDRs from the mouse

30 12B4 antibody.

37. The fragment of claim 36 which is a Fab fragment.
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10 16. The heavy chain of claim10 or 12, wherein the framework residue is
identified by nodeling the 12B4 heavy chain based on the solved structure
of a murine inmunogl obulin heavy chain that shares at |east 70% sequence
identity with the 12B4 heavy chain. 15 17. The heavy chain of claim10 or
12, wherein the framework residue is identified by nodeling the 12B4 heavy
chai n based on the solved structure of a nurine inmunoglobulin heavy chain
that shares at | east 80% sequence identity with the 12B4 heavy chain. 20
18. The heavy chain of claim10 or 12, wherein.the f% mewor k resi due is
identified by nodefi ngAtqHé“ﬁ%ﬁnﬁéﬁgébBth?Wwvw Eﬁég‘%ﬁﬂéﬁf‘%t ructure

of a nurine sdb@mng 211 foRnhg8EY IORON 6r@%®@@3,ﬂfdc!oﬁ@ﬁ%in@@c%ls?aﬁguence
identity with the 1ZB4 heavy chain. 25 19. | i ght chain conprising the

conpl ement ar tegipndeaeanaenirery arwgla8 nmmupesdpRylinand vari abl e regi on franmewor k
residue L2 (Kabat nunbering convention) from the nonoclonal antibody 12B4
i ght chain, wherein the renmainder of the I'ight chain is froma human

i munogl obul i n. 389.61dA20¢thgd pkrig¥enihgPTireating ah simylpidegsnic shissrsene apatient,y

determ ning regions g%;F@ . LiaRLe fhed r&si 24 H24, H27,
H29, HA48, M@?rg%sf?g , 'Sagﬁggqg%q)fk%gt enunﬁ%\rl&laﬁ ecogn\/ece*ﬂﬁﬁg%d fromthe
nmonocl onal antinboaglot2iB4 flaepuye cfithe precedigeeleinrs. t he renmmi nder of the heavy
chain is froma human i nmunogl obulin. 5 21. A heavy chain conprising the
conplenentarity determ ning regions (CDRs) and variable franmework residues
H24, H2710H29 and46i71 @Aka&tabdd ofgrbemiingor weming Mlziwiner s diseashia aymriea) onal
anti body 1284 heany, chal el §l0ah0S ah SHBLANHosSle of iShuiaRY Chai n 18
immunoglobulin of any one of the preceding claims.

41.  The method of claim 40, wherein the effective dosage of humanized

15 immunoglobulin is 1 mg/kg body weight.

42. The method of claim 40, wherein the effective dosage of humanized

immunogiobulin is 10 mg/kg body weight.

20 43. A pharmaceutical composition compnsing the immunoglobulin of any

one of claims the preceding claims and a pharmaceutical carrer.

44.  An isolated polypeptide comprising a fragment of SEQ ID NO:2 selected
from the group consisting of amino acids 43-58 of SEQ ID NO:2, amino acids 74-80 of
25 SEQ ID NO:2 and.amino acids 113-121 of SEQ ID NO:2.

45. An isolated polypeptide comprising amino acids 43-48 of SEQ ID NO:2,
amino acids 74-80 of SEQ ID NO:2 and amino acids 113-121 of SEQ ID NO:2.

30 46. An isolated polypeptide comprising a fragment of SEQ [D NO:4 selected
from the group consisting of amino acids 50-56 of SEQ ID NO:4, amino acids 71-86 of
SEQ ID NO:4 and amino acids 118-131 of SEQ TD NO:4.
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10 22. A heavy chain conprising the conplenentarity determ ning regions
(CDRs) and variable framework residues H24, H27, H29, H48, H/71l and H78
(Kabat nunbering convention) fromthe nonocl onal antibody 12B4 heavy
chain, wherein the remainder of the heavy chain is froma human

i mmunogl obul in. 15 23. A humani zed i mmunogl obul in conprising the |ight
chain of any one of the preceding clains, and the heavy chain of any one
of the preceding clains, or antigen-binding fragnent of said

i mrunogl obulin. 20 24. The i mmunogl obul i n or anti gen. binding fragnent of
claim 23, which specifically binds to beta anyloid peptide with a

bi ndi ng af finity46f afnlissdated ngymeprde CQBP“%amm5gI58bi§qur$ NOi4en

bi nding fra I nyl oi d
pept i do. (anfbyast iR TER PR sRE BRI £ 1o gt P RER BB

i mmunogl obul i n or antigen binding fragrrent of claim 23, which specifically
binds to beta a oi d,peptid A(3 a_.bi ndj f ! Ieast
10" M ° 27. Thgx% ﬁﬁgﬁ%ﬁé&fﬁ%#‘&%ﬁg%“m% ndﬁ’%aar éigné‘g‘%{“g%‘"e T4 m 23,
wher ei n  30fribhethbgeony cofstingicd SEYPED NO:2)amhSEQ 1D6\1@ 628. The i munogl obul i n
or antigen binding fragnent of claim 23, which binds to soluble beta

anyl oid peptide (A . 29. The inmmunogl obulin or antigen binding fragnent of
claim 2|3 bWlhi ch 48, bi nﬁlssouagecaggwgﬁxﬁedorhpﬁan@ﬁyhﬁjrd JoRipdelavcé @d]%qtedgo. The
i mrunogl obulin or antigen bindi [ 0 a ihds to an
epi t ope wit fem ﬁhéﬁﬁiﬁégn%’;“?bc??sgg}é) W%‘:@ b%ﬁq%&%&@wéggqu SHdD

i mmunog{@buNign1®r antigen binding fragnent of claim23, which nediates
phagocyt osi's of beta anyl oid peptide (AR). 32. The i munogl obul i n or
antigen binding fragment of claim23, which crosses the blood-brain

b?”: er i 238 \?\EngCt ALArizs of TRepd1ypapaasbphthl 48, QhidankkaeBmpHAHE BGe{k agment
of claim ich

one conservative amino acid substitution, wherein the variant retains the ability to direct

specific binding to beta amyloid peptide (AB) with a bmdmg affinity of at'least 107 M.

15 _ _ .

51. A vanant of the polypeptide of claim 49, said variant comprising at least
one conservative amino acid substitution, wherein the variant retains the ability to direct
specific binding to beta amyloid peptide (AB) with a binding affinity of at least 107 M.

20 52.  Anisolated polypeptide comprising amino acid residues 20-131 of SEQ
ID NO:2.

53.  Anisolated polypcptide'comprising amino acid residues 20-142 of SEQ

ID NO:4.
25

54.  Anisolated polypeptide comprising amino acid residues 21-132 of SEQ
ID NO:6.

_ 55.  Anisolated polypeptide comprising amino acid residues 20-142 of SEQ
30 IDNO:s. '
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reduces beta anyloid peptide (AP) plaque burden in a subject. 34. A

humani zed anti body conprising the conpl enentary determ ning 20 regi ons
(CDRI, CDR2 and CDR3) of the 12B4 variable |light chain sequence set forth
as SEQ ED NGO 2. 35. A hunmani zed anti body conprising the conpl enentary
determning regions (CDRlL, CDR2 and CDR3) of the 12B4 vari abl e heavy chain
sequence set forth 25 as SEQ ID NO 4. 36. A humani zed anti body, or

anti gen-bi ndi ng fragment thereof,. which specifically binds to beta anyl oid
peptide (AP), conprising a variable region conprising conplenentary
determ ning regions (CDRs) corresponding to CDRs fromthe nouse 30 12B4
-anti body. 37. Tte fragrentedgholypkpidncd@thpnkinglaming acidadsidueadflrbsit of SEBAf 38. A
chineric iﬁ%ggl%lsobul in conprising variable regi on sequence substantially
as set for NSEQ ID NO 2 or SEQ ID NGO 4, and conprising constant region
sequences from a human i munogl obul i n 5 39. A nethod of preventi ng. or
treating an anyl_oi dogeni c di sease a patient I Si tering
to the patient Hn efgék?‘t’a{ﬁgpﬂb?%’ CHPTPRENR G ‘?ﬁ%cé‘grn}g Hﬁ%ﬁgb&o‘g{ﬁg of any
one of st hegpgrecedi ng clainms. 10 40. A nmethod of preventing or treating

Al zheiner's disease in a patient, conprising admnistering to the patient
an effective dosage of the humanized immunoglobulin of any one of the
precedi ng cl ai ngy 41, ibadiElpRE Rfd rﬁbl@!umeéQeodMé%@b&gﬁéb%d@Efé‘rgldn\éeofdosage
of humani zed 15 |mTunogI obulinis ng/ kg body wei gh 42. The net hod of
cl ai m 40, dberséi2rsthe effecti ve dosage of humani zed i nmmunogl obulin is 10
ng/ kg body wei ght. 20 43. A pharmaceutical conposition conprising the

i mrunogl obul in of any one of clainms the preceding clainms and a

phar mei®eut i cal %ar ri &r isolikd nhpleicsasidameldepo ey the liglgrebrinsif agy endf efagnent

of SEQ I D fromthe group consisting of am no acids 43-58 of
SEQ I D NO %¢ p%é(ggg%i % 74-80 of

66. An isolated nucleic acid molecule encoding the heavy chain of any one of
the preceding claims.
15 . . . : .
61.  Anisolated nucleic acid molecule encoding the immunoglobulin of any

one of the preceding claims.

62. An isolated nucleic acid molecule comprising a nucleotide sequence

20  selected from the group consisting of SEQ ID NO:1 and SEQ ID NO:5.

63. An isolated nucleic acid molecule comprising a nucleotide sequence - _
selected from the group consisting of SEQ D NO:3, SEQ ID NO:7, SEQ ID NO:9 and
SEQID NO:11.

64. A vector comprising the nucleic acid molecule of any of the preceding

claims.

65. A host cell comprising the nucleic acid molecule of any of the preceding

30 claims.
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25 SEQ ID NO 2 and am no acids 113-121 of SEQ ID NGO 2. 45. An isol ated

pol ypeptide conprising am no acids 43-48 of SEQ ID NO 2, amno acids 74-80
of SEQID NGO 2 and amino acids 113-121 of SEQ ID NO 2. 30 46. An isol ated
pol ypeptide conprising a fragnent of SEQ ID NO 4 selected fromthe group
consisting of am no acids 50-56 of SEQ ID NGO 4, am no acids 71-86 of SEQ
ID NO 4 and amino acids 118-131 of SEQ ID NO 4. 61g 47. An isol ated

pol ypepti de conprising am no acids 50-56 of SEQ ID NO 4, amno acids 71-86
of SEQ ID NO 4 and am no acids 118-131 of SEQID NO 4. 5 48. An isolated
pol y- pepti de conpfbi si nfytranssemi apimat e¥presigamodyrspliee ees@ded bore mhdeigraoidp

consi sting qf, =& Bparyi(g %hea&gc ﬁgélgf‘gboi 6. 49. An isolated pol ypeptide

conprising an amno a seguence se ed fromthe group consisting of
SEQ ID NO4, SEQID NO 8, SEQID NO 10 and SEQ ID 10 NO 12. 50. A vari ant

of the pol ypepti of ¢l aim 48, ' ' risi l.east on
conservative am 26?' aci@egr&g%s%elg{cu %%,o\ﬁ aianﬁglkh\gﬁ remvtglr: P‘glﬁﬁéprt'g?ésl @ refﬂeg
ability tSo dhtiecthilk spedd frimabi ndi ng to beta anyl oid peptide (AP) with a
binding affinity of at least 10-7 M 15 51. A variant of the pol ypeptide
of claim49, said variant conprising at | east one conservative amno acid
Eubgti tuti OB, \Ahesraei n xfj hﬂth‘bardg@l‘liduﬁijagah aﬁn&dag, @gtdgl;nﬁéh; ;mrdaif,rceﬁl%nsiﬁgfci fic
inding to beta .a id peptide (AP) with a binding affinity of at |east
1M 20 52. Aﬁﬁ'li‘?‘gwnéiﬂg’&“&ﬁ?éé‘ﬁt“ﬂ & UBSTSPTUTORF SHRR Hb“t Ht?iaﬂt“i’%’é’i%%?nzmlﬁl of
SEQ | D NO Zprodied ANd issialigd &6d RIS HoliBie GOSTREN S B@u@el N0 aci d resi dues
20-142 of SEQ ID NO 4. 25 54. An isol ated pol ypeptide conprising am no

acid _re_sliodues_ 21-132 of SEQ ID NO 6. 55. An isolated polypeptide
conprising am no @ci d 4 gRiHAHT pAfiudihg aRf bhnifely, @i%i&éﬂ%reoﬁ%gmprising a

fragment of SEQ ID NO:2 selected from the group consisting of amino acids 43-58 of

SEQ ID NO:2, amino acids 74-80 of SEQ ID NO:2 and amino acids 113-121 of SEQ ID

NO:2, said method comprising culturing a host cell comprising a nucleic acid molecule
15 that encodes said antibody, or fragment thereof, under conditions such that the antibody

or fragment is produced, and isolating said antibody from the host cell or culture.

70. A method of producing an antibody, or fragment thereof, comprising a
fragment of SEQ ID NO:4 selected from the group consisting of amino acids 50-56 of
20 SEQ ID NO:4, amino acids 71-86 of SEQ ID NO:4 and amino acids 118-131 of SEQ ID
NO:4, said method comprising culturing 2 host cell comprising a nucleic acid molecule
that encodes said antibody, or fragment thereof, under conditions such that the antibody

or fragment is produced, and isolating said antibody from the host cell or culture.

25 ' 71. A method for identifying residues amenable to substitution in a
humanized 12B4 immunoglobulin variable framework region, comprising modeling the
three-dimensional structure of the murnine 12B4 variable regions based on a solved
immunoglobulin structure and analyzing said model for residues capable of affecting
12B4 immﬁnoglobulin variable region conformation or function, such that residues

30 amenable to substitution are 1dentified.
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56. An isol ated. polypeptide conprising amno acid residues 20-142 of SEQ

I D NO 10. 57. An isol ated pol ypeptide conprising amno acid residues
20-142 of SEQ 5 ID NO 12. 58. An isolated nucleic acid nol ecul e encodi ng

t he pol ypepti de of any one of <clainms 52-57. 10 59. An isolated nucleic
acid nol ecul e encoding the |light chain of any one of the preceding clains.
60. An isolated nucleic acid nol ecul e encodi ng the heavy chain of any one
of the preceding clains. 15 61. An isolated nucleic acid nol ecul e encodi ng
the i munogl obulin of any one of the preceding clainms. 62. An isolated

nucl ei ¢ aci d nol egul eysoOsmakd eamie&eg;uﬁlsapieh@kesesma@cs@Q B9 Nee? ee5Ed frf om
the group co sting of SEQ an Q I.D NO ) | at ed
nucl ei ¢ aci BR?T%IOéGHY B°r88?rﬁ‘r°fes°ifrf@ p&’dﬁﬁ’é‘gé‘d’c"e&éﬂ"@%‘ﬁlﬁ’é‘ﬁh‘é”ag§er‘]é(l,ggﬁ fromthe

group consi shin08PbbuBEQ 282 iMahogRERiA Ehd¥Dof domER thd2eMO 9 and  SEQ ID

NGO 11. 25 64. A vector conprising the nucl’eic aci d nol ecul e of any of the
preceding clains. 65. A host cell conprising the nucleic acid nol ecul e of

any of the preceding A3QuedRioThnadid m§§1o.dbac?>5§@sgary&amfrx%laﬁpreSSI ng a
pol ypepti de encoded by the nucleitc acid ecul e of any of the preceding

cl ai ms. 67. cdprdingadgesieccngtd tma lpatednt eh agant 86 spshidiceilnbmbetopdPyapdpt i de i s
expressed eiq.tng nnlk of s%}d nimal . 68. A nethod of producing an
anti body, o ??5& %?’Pﬂ$¥gﬁp é%prising culturing the host cell of claim
51 under conditions such that the anti body or fragnent is produced and
i solating said antlbod p ho;§ ell. ar cul ture,
met od of claim 73, wherein the agent an antibody comprising a
10  light chain vanable sequence as set forth in SEQ ID NO:2 and a heavy chain varniable
region secjuence as set forth in SEQ ID NO:4, or an antigen-binding fragment of said

antibody.

75.  The method of claim 73, wherein the ’ant.igcn-—binding'fra'gme'rit is a Fab
15 fragment.

76, A .me.thod of treating an amyloidogenic disease comprising administering
to a patient having said amyloidogenic disease, a nucleic acid molecuie that encodes an
immunoglobulin light chain comprising the amino acid sequence of SEQ ID NO:6 and a

20  nucleic acid molecule that encodes an immunoglobﬁlin heavy chain that comprises the
amino acid sequence of SEQ ID NO:8, the amino acid sequence of SEQ [D NO:IO, or
~ the amino acid sequence of SEQ ID NO:12, under conditions such that said
immunoglobulin chains are expressed, s\uch that a beneficial therapeutic response in said

patient is generated.

25
77. A method of preventing or treating a disease associated with amyloid
deposits of AP in the brain of a patient, compnsing administering to the patient an effective
dosage of the humanized immunoglobulin of any one of the preceding claims.
30 78. The methed of claim 1, wherein the disease 1s charactenzed by cognitive

impairment.
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10 69. A nethod of producing an antibody, or fragnment thereof, conprising a
fragment. of SEQ ID NO 2 sel ected fromthe group consisting. of am no acids
43-58 of SEQ ID NG 2, amno acids 74-80 of SEQ ID NO 2 and am no aci ds
113-121 of SEQID NG 2, said method conprising culturing a host cell
conprising a nucleic acid nolecule 15 that encodes said anti body, or
fragnment thereof, under conditions such that the anti body or fragnent is
produced, and isolating said antibody fromthe host cell or culture. 70. A
met hod of produci ng an anti body, or fragnent thereof, conprising a

fragnent of SEQ ID NO 4 selected fromthe group consisting of am no acids
50-56 of 20 SE@PI D N&x tettadioficlame i .dsheTdn 86 difeas8EQAIZDEINGr'4 désnabeani no aci ds
118- 131 of SEQ ID NO 4, said nethod conprising culturing a host cell
conprising a nucleic acid nolecule that encodes said anti body, or fragnent
t hereof, under @ondi (Thenstmdoliclinal, wieeeiarte dxeaye is Dowhisagmizomel S produced,
and isolating said antibody fromthe host cell or culture. 25 71. A nethod
for identifying residues anmenable to substitution in a hunmanized 12B4

i munogkobul i n \ear i althe metRaR\ BRI 1,00 PN HeQlRRAISS MEd DGRV ighphit@ent.

t hree-di nensional structure of the nmurine 12B4 vari abl e regi ons based on a
. solved immunoglobulin structure and anal yzi ng said nodel for residues
capabl e of af f egbi ng Thd 2RthJHILRARY L QPRErdiR theahigddyas bOHInRR iSRHeqsRt i On or
function, such that residues 30 anenabl e to substltutl on are identified.

61) 72. Use of the variable region sequence set forth as SEQ ID NGO 2 or SEQ
ID NO 4, or an ort r I i mage of
a 12B4 i m’runog?é Eul |—ﬂr11‘9%fg%§°?r9nﬁ¥u%ﬂ ogl obul ?r%élﬁg?n&ﬁyé?@ﬂrggﬁﬁésﬂ@?{g& 5 73.
A net hd@s of i nmaging anyl oid deposits in the brain of a patient conprising

adm ni stering tg,the ﬁ‘%ﬁ and
detecting the a(r?tl boéjﬁ)1g 638% 0EIIQ“A %tfi%mélﬁzgﬁng e%)eg@%) eYa{E-g ?%091 tﬁ\Eer ein

t he agent amumdylbtmiﬁyo @oamylpshdngosamﬂt@philgmnctmauwsvatewm ISSEBSAAZAMSt as Set
forth in S IDllﬁllgd%p&qd a heavy chain variable :-region sequence as set

forth in S or an anti gen-bi ndi ng fragrrent of said antibody. 75.
~The nethod of claim73, wherein the antigen-binding fragment is a Fab

15 8s. The method of claim 84, wherein the clearing response is an Fc receptor-

mediated phagocytosis response.

86. The method of claim 84 or 85, further comprising monitoring the clearing

response,
20
87. The method of any one of claims 77-83, wherein after administration the

antibody binds to soluble A in the patient.

88. The method of any one of claims 77-83, wherein after administration the

25  antibody binds to-soluble A in the serum, blood or cerebrospinal fluid of the patient.

89. The method of any of one of claims 77-88, wherein the patient is

asymptomatic.

30 90. The method of any one of claims 77-89, wherein the patient is under 50

years of age.
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15 fragnent. 76. A nmethod of treating an anyl oi dogeni c di sease conpri sing
admnistering to a patient having said anyl oi dogeni ¢ di sease, a nucleic
acid nol ecul e that encodes an i mmunogl obulin Iight chain conprising the
am no acid sequence of SEQ ID NO 6 and a 20 nucl eic acid nol ecul e that
~encodes an i nmunogl obulin heavy chain that conprises the amno acid
sequence of SEQ ID NGO 8, the am no acid sequence of SEQ ID NO 10, or the
am no acid sequence of SEQ ID NO 12, under conditions such that said

i munogl obul i n clai ns Tag et bEEBAGE obtiGinstH1ad0, ahbefahé gdtidht Hab &t RAGKtEH C
response in said patient is generated.. 25 77. A nmethod of preventing or
treating a @SS&508 NdEHRS SHSEPUREPHO AMFNUPY 'S 45p%si ts of AD in the brain of
a patient, conprising admnistering to the patient an effective dosage of
t he humani zed i mmunogl obulin of any one of the precedi ng clainms. 30 78. The
met hod of cl ai m $2- whdhemsthodaf #y«ng skelpigscHH avhereinbedesgeecad gniiody és

i mpai rmegt . Plkst { % g/dMIVRIAGH 0Othe Ghithin 1, Wherein the disease is

Al zhei nmer's di sease. ~ 80. The method of claim 1, wherein the disease is
Down's syndrome. 5 81. The nethod of claim1, wherein the disease is nmld
cognitive inpairgent. gl I ntibody is
of human isotype ' Tgd T h§gg.th-gl?‘ﬁggﬁé%gggag'f&aﬁydpb%hgér%%e%?%%%%ﬁ%?gag@?og?r'ﬁs,
wher ei n t he apkhdt édmg/keg Hadpraweight ddh@patiefithe net hod of any one of clains
77-83, wherein after adm nistration the antibody binds to an anyloid
deposit in the patient and induces. a clearing response against the

anyl oi d 1@eposi t . 945 8Fhe Wiechodef fiybnebf dhiaisii7&s, whkremahaarttibedycik ear i ng
response is gn'g% rgcte}ﬁtor-. medi %;ted QQ%QPC t 0sj.s response. 86. The net hod
of cl ai m 84 6P BB FUP A& LR L A5g 1o tBr T Ayt he clearing response.
20 87. The nethod of any one of claims 77-83, wherein after admnistration
the 95. The method of any one of claims 77-94, whierein the antibody is
administered intraperitoneally, orally, intranasally, subcutaneously, intramuscularly,

15  topically or intravenously.

96. A method for reducing plaque burden in a subject in need thereof
comprising administering to the patient an effective dosage of the humanized

immunoglobulin of any one of the preceding claims.

20 .

97. The method of claim 96, wherein after administration the antibody binds to
an amyloid deposit in the patient and induces a clearing response against the amyloid
deposit.

25 98. The method of claim 97, wherein the clearing response is an Fc receptor-
mediated phagocytosis response.

99. The method of claim 97 or 98, further comprising monitoring the clearing
response.

30

100. The method of claim 96, wherein after administration the antibody binds to

soluble Af in the patient.

61lm



anti body binds to soluble AR in the patient. 88. The nethod of any one of
clains 77-83, wherein after adm nistration the 25 antibody binds to.
soluble AG in the serum blood or cerebrospinal fluid of the patient. 89.
The met hod of any of one. of clains 77-88, wherein the patient is '
asynptomatic. 30 90. The nethod of any one of clains 77-89, wherein the
patient is under 50 years of age. 611 91. The nethod of any one of
clainms-77-90, wherein the patient has an inherited. risk factor indicating

susceptibility to Al zheiner's di sea g.,925 The net hod .of any _one of clains
77-9 1, wherein tRé dddagethed oA iiTB 3 yvhegein gftes padppustption g ARIPORR BpdaE ght

of the pati &Bfubledp in kheseMRh Mshdr cBd¥rofiifal Ahidd rihdBatidt- 91, wherein the
dosage of antibody 1s at least 10 ng/ kg body weight of the patient. 10 94.

The met hod of any one of clains 77-93, wherein the antibody is

dm ni st d wt | e :as : et h t hod
of any one of ol s e R ARG IRRE iRl SPIRIRR AR L, y R N0

i ntraperit onealpryes adicatdiyn hivivig areeat effectanfomarbaneousl y, i ntramuscul arly,
15 topically or intravenously. 96. A nethod for reducing plaque burden in a
subject in need thereof conprising admnistering to the patient an

ef fecti ve dosage 108. t rembthad Tozeducingmarigboddeh irna afbjenin reee tietedfhe

preceding clains..20 97. The nmethod.of claim?9 erein after. -
admi ni strat iQ?Wﬂnﬁ@géﬁ’?’frﬁ%ﬂ?“goﬁ%hgs‘{%bw %fhe%ﬁg}'%g‘éfe\g’kélﬁ(?&“?“’izﬁé tHPof%t i ent and

i nduces 1@ cl@@Eh BBidS RSRAPEEpAFRhMSMiIANKi@MLY OF Beta dRPRS peptidd (28), wheridret hod
of claim97, wherein the clearing response is an Fc receptor- nedi at ed

phagocyt osi she aatefy &s ofdite IsPHdsqegichod of claim 97 or 98, further conprising
nonitoring the clearing response. 30

104. The method of claim 103, wherein the subject has an amyloidogenic
disease. |
15
105. The method ofclaih 104, wherein the amyloidogenic disease 1s

Alzheimer’s disease.

106. A method for treating an amyloidogenic disease in a patient comprising
20  administering to the patient an effective dose of a humanized'antibody capable of reducing
beta amyloid peptide (AB) burden and neuritic dystrophy in the patient, wherein the

antibody binds to an epitope within amino acids 3-7 of AP and is of the 1gG1 isotype.

107. The method of claim 106, wherein the amyloidogenic disease is

25  Alzheimer’s disease.

108. A method for reducing beta amyloid peptide (A§) burden and neuritic
dystrophy in a mammal comprising administering to the mammal an effective dose of a
humanized antibody capable of reducing beta amyloid peptide (Af) burden and neuritic
30  dystrophy, wherein the antibody binds to an epitope within amino acids 3-7 of AB and is

of the IgG1 1sotype.
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100. The nethod of claim96, wherein after adm nistration the anti body
binds to soluble A(3 in the patient. 61m 101. The nmethod of claim 96,
wherein after adm nistration the antibody binds to soluble ARin the
serum bl ood or cerebrospinal fluid of the patient. 5 102. A humani zed

i mmunogl obul i n of any one of the preceding clainms, which conprises a Fc
region having an altered effector function. 103. A nmethod for reducing
neuritic. burdenlPh aTsemeded of Haimell$, whereiadlie meromptis 8 hagaadni ni stering to
t he subject an effective dose of a humani zed anti body 10 which binds to an
epitope within amno acids 3-7 of beta anyl oid peptide (A13), wherein the
anti body is of the0. gBhdmetotppelaim 088 oTHY, wbedemdthe aoirail hasl®3, wherein the
subj ect has an,s égknggglc di sease. 15 105. The net hod of cl ai m 104,
wherein the a I0|§ogen|c di sease is Al zheiner's disease. 106. A nethod
for treabing an anyl oi dogeni c di sease in a patient conprising 20

adm nistering to e tient effecti e dose o hu i zed'" anti body
capabl e of redu0|%g @g QW%Pdiﬂ“b@@tl %mF&T§T“an%§ﬁF§Hﬁmﬁéhrlt|c

dyst rophy i AliHeamgratdigmde, Wherein the antibody binds to an epitope within
amno acids 3-7 of AR and is of the Igd isotype. 107. The nethod of claim
106, wherein the anyl oi dogenic disease is 25 Al zheiner's di sease. 108. A

met hod for reduciing bettRerageliOtdingRitioh d6m né)ym‘g,eﬁ@aqn ?Iotflﬂgel @yst rophy
in a manmal _conpri sing adnlnlsterln% to the mammal an ef ive dose of
i

hunmani z&® afePBs KEHpads te 2pepitapg e Hgalbepac@ﬁgﬂmfdmmamwépem@e (Bddden and
neuritic 30»\@1\5?&6@@%%&@9‘?{%%I%Q?Regﬂéxhpﬂ% Ja'bn,ca%nﬁno%%gje%g' tope wi thin

am no acids 3-7 of AR and I sot 9. The nmet hod of
claim 108, wherein the manmmal is a hunan 110. The nmet hod of claim 108 or

109, wherein the,pamal has @ptreammhﬂ%g%gb&x &?e%? Sif a patient comprising
administering_ to the patient an effective dose of a humanized antibody which binds to
15 soluble beta amyloid peptide (A) and reduces neuritic dystrophy in the patient, wherein

the antibody binds to an cpitepe within amino acids 3-7 of AP and is of the IgG1 isotype.

_ 114.  The method of claim 113, wherein the amyloidogenic disease is
Alzheimer’s disease.
20
115. A therapeutic composition comprising a humanized antibody of the IgG1
isotype which binds to soluble beta amyloid peptide (Af), wherein the antibody binds to

an epitope within amino acids 3-7 of AB and is capable of reducing neuritic burden in a

subject.
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5 111. The method of claim 110, wherein the anyl oi dogenic di sease is

Al zhei mer' s di sease. 112. A therapeutic conposition conprising a humanized
anti body of the 1g@ 10 isotype which binds to an epitope within am no
acids 3-7 of beta anyloid peptide (AP), wherein the antibody is capabl e of
reduci ng neuritic burden in a subject. 113. A nmethod for treating an
anyl oi dogeni c disease in a patient conprising admnistering to the patient
an effective dose of a humani zed anti body which binds to 15 sol uble beta
anyl oi d peptide (ALl3) and reduces neu¢%%§ﬁmﬁ§§trophy in the patient,
wherein the antibody binds to an epi Fthin am no acids 3-7 of AR and
is of the 1g@ isotype. 114. The nethod of claim 113, wherein the

anyl oi dogeni c di sease | zhei ) se. t her.apeutic
cgyrrposi tigon conpri si nglrg f?@ gZ%EU%FIl BH °r6f“et‘ﬁ€ilﬁjﬁ ﬁ°“t|‘}§o@’{;§@1%| ch

bi nds to sol skdtien eteferasrithmivsbghebilih dRaif %abne/&%bﬁhnc]&&ﬁxeam hiRE%cA nds to
an epltopg mﬁthln am no acids 3-7 of AR and is capable of reducing neuritic
burden in”a ?ﬂﬁ?@&t. 6lo EXAMPLES The fol I owi ng Sequence identifiers are
used throughout the Exanpl e$L s@boli@ VL i@heicid O VERILRBEIOD U BrGhal

g
vari abl e regi on Antibddgot i de alg; NO ackdquence SEqUERGRSIce VL NUGLRBTE VL
am no acid VH nucl eotide VH amno acid Antibody sequence seguence seguence

sequence 12B4 SEQIRBA NO 1 KD FONO BESHD N@2NOSEQEBEQIO:D NOSEQ uNeni zed
SEQIDNOSSEQIDNOGS ID NO.7 SEQ ID NO. 8 12B4vl hunmani zed SEQ I D
NO | SEQ ID NO “gﬁg‘? @%E@PD IPNO:62 BAER IRUFRAI z eSEGENOD NO: |
SEQ ID NO 2 SEQ I B 11 SEQ ID NO 12 12B4v3
humanized SEQ ID NO:1 SEQ ID NO:2 SEQID NO:9 SEQ ID NO:10
12B4v2
humanized ~ SEQIDNO:1 SEQIDNO:2 SEQIDNO:11  SEQIDNO:12
12B4v3
germline A19  SEQID NO:29 SEQ ID NO:30 -
KabatID  SEQIDNO:31 SEQ ID NO:32
© 005036
Kabat ID SEQIDNO:33  SEQ IDNO:34
000333 .
germline SEQIDNO:35 SEQ ID NO:36
~ VH4-61
germline SEQIDNO:37  SEQ ID NO:38
VH4-39

As usgd herein, an antibody or immunoglobulin sequence comprising a
VL and/or VH sequence as set forth in any one of SEQ ID NOs: 1-12 or 29-38 can
comprise either the full sequence or can comprise the mature sequence (i.e., mature

10 peptide without the signal or leader peptide).

Example I. Cloning and Sequencing of the Mouse 12B4 Variable Regions
Cloning and Sequence Analysis of 1284 VH. The VH and VL regions of 12B4
from hybridoma cells were cloned by RT-PCR and 5’ RACE using mRNA from

15 hybridoma cells and standard cloning methodology. The nucleotide sequence (SEQ ID
NO:3) and deduced amino acid sequence (SEQ ID NO:4) derived from two independent
cDNA clones encoding the presumed 12B4 VH domain, are set forth in Table 2 and
'I_‘able 3, respectively.
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germine A19 SEQ ID NO 29 SEQ ID NO 30 KabatlD SEQ D NO 31 SEQ D NO 32
005036 Kabat ID SEQ ID NO 33 . SEQ ID NO 34 000333 germiine SEQ I D NG 35
SEQ ID NO 36 VH4-61 germine SEQ ID NO 37 SEQ ID NO 38 VH4-39 As used
herein, an antibody or inmunoglobulin sequence conprising a VL and/or VH
sequence as set forth in any one of SEQ ID NGs: 1-12 or 29-38 can conprise
ei ther the full sequence or can conprise the mature sequence (i.e., mature
10 peptide without the signal or |eader peptide). Exanple 1. Coning and
Sequenci ng of the Muse 12B4 Variable Regions O oning and Sequence

Anal ysis of 12B4 M The VH and VL regions of 12B4 from hybridoma cells
were cl oned DybI&KT: Bﬁasamﬁvmh sH@jelﬁga rrRNAOI from 15 hygrEldega &gl I3)s ang
standard clo 0 The nuc eotl e_seguence an
deduced an‘n£5889£3&£ 4&4; ALTISC Caep [ q ;

RIEY
acTUu—otT ot \v-_

cDNA cl ones eemdcm@hmcm@mmmtcﬂ:%écﬂthﬂ@@&@cc@f@:@ﬁﬁzxdc@rblﬂc'r@q"@rﬁb' e 2

2 Tabl e 2 Mouse 12B4 VH DNA sequence.
oA T eSS e o iR s AT ST RISARC TGOATTCaT

GGTTACTCT Wﬁmwﬁmmm%ﬁ%mem
CTTGITCTTTCT GGGTTTTCACTGAGCACTA&[ &?:TI;QTC{{;TGTGAGCT%ATT
R T AL SEETAPEAER A

CTATAACCCAT CE T A A A AL AGAR TEE R EAMEE AT ACE ST ARG AT RS RC T TaeTCGA
TATTCCTCAAGA\TCACCAATGTGGACACTGC%%&C% (X:CACATACTACTGTGCT
P RICANEPACTE |

AGGAGGATCAT CFATREA QCPEEGCAGCACTCT
CACAGTCT(ETC@&A@EQ@@@Q 3)(sEceadefopgpt i de underl i ned.

*Leader peptide underlined.

Table 3: Mouse 12B4 VH amino acid sequence

mdrltssfl1livpayvlsqVTLKESGPGILQPSQTLSLTCSFSGFSLStngmgVSWIR
15 QPSGKGLEWLAhlywdedkrynps1ksRLTISKDTSNNQVFLKITNVDTADTATYYCAR

rriiydvedyfdyWGQGTTLTVSS (SEQ ID NO: 4)

* Leader peptide and CDRs in lower case.

Cloning and Sequence Analysis of 12B4 VL. The light chain variable VL region
20 of 12B4 was cloned in an analogous manner as the VH region. The nucleotide sequence
(SEQ ID NO:1) and deduced amino acid sequence (SEQ ID NO:2) derived from two
independent cDNA clones encoding the presﬁmed 12B4 VL domain, are set forth in
Table 4 and Table 5, respectively.

25  Table 4: Mouse 12B4 VL DNA sequence
ATGAAGTTGCCTGTTAGGCTGTTGGTGCTGATGTTCTGGATTCCTGCTTCCAGCAGTGA
TGTTTTGATGACCCAAACTCCACTCTCCCTGCCTGTCAGTCTTGGAGATCAAGCCTCCA
TCTCTTGCAGATCTAGTCAGAACATTGTTCATAGTAATGGAAACACCTATTTAGAATGG

TACCTGCAGAAACCAGGCCAGTCTCCAAAGCTCCTGATCTACAAAGTTTCCAACCGATT
30 TTCTGGGGTCCCAGACAGGTTCAGTGGCAGTGGATCAGGGACAGATTTCACACTCAAGA
TCAGCAGAGTGGAGGCTGAGGATCTGGGAGT TTATTACTGCTTTCAAGGTTCACATGTT

63



Tabl e 3: Muwuse 12B4 VH am no aci d sequence

~nidrltssf111ivpayvl sgVTLKESGPA LQPSQTLSLTCSFSGFSLSt ngngvsW R 15
QPSCGKGLEWA. hi ywdedkr ynps| ksRLTI SKDTSNNQVFLKI TNVDTADTATYYCAR _
rriiydvedyf dyWBQGTTLTVSS (SEQ ID NO 4) * Leader peptide and CDRs in | ower
case. Goning and Sequence Analysis of 12B4 VL. The light chain variable VL
region 20 of 12B4 was cloned in an anal ogous nanner as the VH region. The
nucl eoti de sequence (SEQ ID NO 1) and deduced am no acid sequence (SEQ ID

d 12B4
VL domain, ar e Ser T e TR I TADI S Gnd FAG Sy dspeeePuBPy T3S Tabi o 4

Mbuse 12B4 Vi
ATGAAGT TGCCT %W%TGT TCTGGATTCCTGCTTCCAGCAGT GA
TGTTTTGATGACCCAAACTCCACTCTCCCTGCCTGI CAGT CTTGGAGATCAAGCCTCCA

TCTCTTGCAGAT CATAGTAATGGAAACACCTATTTAGAATGG
TA@@W@W %WR@AAGI’TTCCAACCGATT 30
TTUWW@%WT%@W@%T%W@%&A%% 63

TCAGCAGAGT TCTGGGA ATTACTGCTTT
mmwm&&ﬁ% CESHP NS st xhaeenpepet de
under | i ned mbnpﬁcsmw&&fvcvamns?ségdrmmh EtpélnL\GNVYYqugshv

nkl pvrl | vl nf LPVSL S ssgni vhsngntyl e

YL QQPG@PKL LMVS n?%éé@‘%ﬁ% KI SRVEAEDLGVYYCY ggshv  plt FGAGTKLELK
(SEQ I D NO ZL q.g D @IB de Iand CDRs in |lower case. 10 The 12B4 VL and
VH sequences meé%er?%’e' %?iqe JF‘émf SY¥@httional V regions in so far as they

contain & contiguous ORF fromthe initiator nmethionine to the C—regi on,

and share conserved r har eristic of jmmnoglobulin V region
genes. From N-term naI 33%3 %seqﬁ&‘ﬁ‘is meghipe ertgnhionipctiensl ¥s conpri se

t he regions in so far as they contain a contiguous ORF from the initiator methionine to the
- C-region, and share conserved residues characteristic of immunoglobulin V region

genes. From N-terminal to C-terminal, both light and heavy chains comprise the
15 domains FR1, CDRI1, FR2, CDR2, FR3, CDR3 and FR4. The assignme.nt of amino

acids to each domain is in accordance with the numbering convention of Kabat et al.,

supra.

Example II: Expression of Chimeric 12B4 Antibody

Expression of Chimeric 12B4 Antibody: The variable heavy and light

20  chain regions were re-engineered to encode splice donor sequences downstream of the
respective VDJ or VJ junctions, and cloned into the mammalian expression vector
pCMV-hy1 for the heavy chain, and pCMV-hk1 for the light chain. These vectors
encode human y1 and Ck constant regions as exonic fragments downstream of the
inserted variable region cassette. Following sequence verification, the heavy chain and

25  light chain expression vectors were co-transfected into COS cells. Various heavy chain
clones were mdependent]y co-transfected with different chimeric light chain clones to
confirm reproducnbahty of the result. Conditioned media was collected 48 hrs post
transfection and assayed by western blot analysis for antibody production or ELISA for
AP binding. The multiple transfectants all expressed heavy chain + light chain

30 combinations which are recognized by a goat anti-human IgG (H+L) antibody on a

western blot.
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15 domains FRI, CDRI, FR2, CDR2, FR3, CDR3 and FR4. The assignnent of am no
acids to each donmain is in accordance with the nunbering convention of

Kabat et al., supra. Exanple Il: Expression of Chineric 12B4 Anti body
Expression of Chimeric 12B4 Anti body: The variable heavy and light 20
chain regions were re-engineered to encode splice donor sequences
downstream of the respective VDJ or VJ junctions, and cloned into the
mammal i an expression vector pCW-hyl for the heavy chain, and pCW-hKIl for

the light chain. These.ve ode nd constant re |ons as
exoni ¢ fragments domsPF%iﬁ?f"(ﬁifsngtﬁéﬁln}eﬁg25@6“%@ B?gér“\ﬁ’éit‘iﬂ? déy

Fol | owi Ng SeaseCEiguRIS denfoabrds, thitQﬁuﬁE@i@‘ﬁB@%k ?ou%% Bmdhd AP Wwifh H"
expression vectors were co-transfected into COS cells. Various heavy chain

cl ones were RYiddyh&Heidaste habdemanstraisdn démevic anddivifapizeh8D6 (Figwe 5% (Theht
chain clones clBﬁmg,ﬁ@ﬁfa'c{eﬁkitﬁﬂ QGH%B{&M&)X OP%DE psederscg'gyléggn g' [ oned medi a

was col |l ected 48 ost transtection an ern bl ot

anal ysis $or Aanh%b%@erpﬁ@@é@ﬂlﬁﬁ@: thEIsh@A Cbmtlent o&thbaMdnmgrpoiElm headih byl e
transf ect ant g, k gp: chai 0 conbin |o s whi ch
are recogni ze Sy“g’?ég gﬁﬁtgntl ?ﬁ\é?{rg% g '% SHYED ?Brhaséayr\% bl ot .
64 .Direct bthq(sthn@mflZBHianétheanmmmahthmdyesmbaedi@uwﬁ wﬁtﬁstoﬁelyllabédELl SA

w0 i ghe " aont SEPGRRLAL 556, L0 Rk DA (SR menaonl predsce e sthan zed
3D6 (Figure B)Jtypémehrecbgaﬁuem@psﬂhﬁpasﬁﬁ’suzan) Hbiadig {fUJAIBanZ@Tré g¢n of 3D6 is
descri be tion Serial No. 10/010, 94°2 the entire

cont ent g? \Aﬂ?“&?‘[‘sf%te? ﬁ&b@ggé’%ﬁé@“ﬁ@%@;%ln}fy oPeTHFiangles) eprapRies Withreaueher nor e,
an ELI SA baSﬁdiemlWI&i1t§rlo‘{lﬂmbtﬂﬂlafﬁdtmlﬂﬂle%ﬁ&ﬁyxpﬁﬁvﬁﬁh ficle tclﬂﬁted trfaﬂﬁesg %rms ric

12B4 and the nmurine 12B4 anti bodY corrpete equal l'y with biotinylated
muri ne and cWPﬂ‘BSPEb’SPBY’a‘ﬁ%"WEP? 24 tp Adpb-4g aeptifiei ne nonocl onal " ant i body of
the 1gG | isotype which recognizes the sane epitope as 12B4), in binding

to AL Figure 6 10 denonstrates that chineric 12B4 (dashed |ine, open
triangl es) cgnpetes W|th equal otency W|th its non b| otinyl ated muri ne
count er part ynplg 111 =k L hpeury plegica '

nmuri ne 1284 PDARP n'ircéZ peptl de Exanpl e Il Effi cacy of mAb 1284 on

vari ous neur opat hol ogl_l(:i.u endpoints in
s Example describes the efficacy of murine mAb 12B4 on various

neuropathological endpoints. Comparison of two mAbs, 12B4 and 3D6, is described.
Both mAbs are of the IgG2a isotype and both bind an epitope within the N-terminus of the
A peptide. |

20 Immunizations
PDAPP mice were passively immunized with either mAb 12B4
(recognizing AP 3-7) or mAb 3D6 (recognizing AP 1-5), both of the IgGy2a isotype. 12B4
was tested at 10 mg/kg. 3D6 was administered at three different doses, 10 mg/kg, 1 mg/kg
and 10 mg/kg once 2 month (1 x 4). An unrelated IgGy2a antibody (TY 11/ 15) and PBS
25  injections served as controls. Active immunization with AP peptide served as a
comparison. Between 20 and 35 animals were analyzed in each group.

The neuropathological endpoints assayed include amyloid burden and

neuritic burden.
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15 PDAPP m ce This Exanpl e describes the efficacy of nmurine mAb 12B4 on
various neuropat hol ogi cal endpoi nts. Conpari son of two mAbs, 12B4 and 3D6,
is described. Both mAbs are of the IgQ&a isotype and both bind an epitope
within the NNterm nus of the A(3 peptide. 20 |Inmunizati ons PDAPP m ce were
passively immunized with either mAb 12B4 (recognizing Ali 3-7) or mAb 3D6
(recogni zing A3 1-5), both of the JgGy2a isotype. 12B4 was tested at 10
ng/ kg. 3D6 was administered at three different doses, 10 ng/kg, 1 ng/kg
and 10 ng/ kg once a nonth (1 x 4). An unrelated 1gCy2a antibody (TY 11/15)
and PBS 25 injections Awidaidburder controls. Active inmmunization with A(3

B o oun e meur o P RRF P B FoERHE R R RR R BBt R S B e
and neuri t iy ibmnsiesainitp wAhBDEifelldwed b Quatitieatier irtdde a0dlysis eTHerrestltabf BRI t €X

ol I 'owed by HAHE PEaBROEA 148G A Y B fberiiey P TOPUBFALGT AAAPBA s ar o
shown i n sTabms @il dédeb testbd)tdne Alppeptive) lae (oo @sfidagt @ductibMBibiiyIcd btfen t h 12B4,
5 306 (all doses tested) and Ap peptide) led to a significant reduction of
anyl oi d burden. NeuriNeuginibbron Previously, it had been observed that 10D5
was unable to signifi ant.l euritic burden, suggesting that
antibodies of the Ig §?’é°"¥§'o‘ttsﬁg’ee‘b seqygy that 19 quélﬁfti}%@élgn%ﬁcé“tb(bl eto

reduce neuri fedGcedrdiRbuiden,30d¥tingTRA Bhtfoodibs JH tRRIGYRS 1sStypH, §1ﬁ%§€otﬁé§iat a 10 not

shown). Neurjtic burd n follow ng Basswe i mmuni zation with 12B4 versus 3D6

(both of th@otW%la &Br§YEs nenEEC pyrden ip arigrhinadads of Alpsipp’ sdissese (ata

i munost |y Ni i sifwrl)r Rewitic HeQkA mgwmgtpbssﬁesmﬁﬁ’&m%mq@m%§§usf3@é (gimd by
guantitative | ge anal ysis. Neuritic dy stro}phy i s _indicated

appear ance off W%?d?ﬁtl‘i’ehéfﬁ? thpdetqrpingd in BRARE mics "Pﬁmaosmgll bﬁm

appear ance) deoadk Q6th ii-Alpp ahﬁmsagieﬁs ?onMévEdt%}'chén@tfm%DHa leeq iticThe
results 15 of this analysis are shown in These I cate that

treat nent wi 9§trapinds indicated by dhe dripeaiance pf destigpkig nh@rups teig rtsumewuh By
contrast, 3[@05{“5{’ PlarsticObédt &R the/ m{n%%@wclmty of amyloid plaques. The results

15  of'this analysis are shown in Table 7. These data indicate that treatment with 12B4 most
significantly reduced neuritic burden. By contrast, 3D6 did not significantly reduce

neuritic burden.
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zdHzRd a?a,~a 67 The above results indicate that
treatment with an AR anti body of the I1gGy2a isotype may be necessary,
not sufficient, to reduce neuritic burden. Binding AP via a distinct
epitope (i.e., A(3 3-7) may also be essential to reduce this pathology in
5 The characterization of various neuropathol ogi cal endpoints
he PDAPP nouse nodel of Al zheiner's disease provides val uable
i nformation to be usedhehpovelresubkinticae thar tréaent withAe Hipgintibgly ape 056y2at e

hunman t herapeutic i myuni zatiqn rot.ocol s. For exampl e, reduyctiaqn: of

neuritic bur JerPHEY BTSN iY g‘ﬁéﬁ&mmthi?rfﬁ(g'ce §wt'g§@°ﬁsﬁﬂ_g’“§AﬁJ%i zed
versi on of I1&Bhcoépitopee(i k.g&B 3sT)biayRaBo bt esential foeedudeais pethobgyinvPbAPE of the
2A subt yl%%ei n mce) which binds to an epitope within residues 3-7
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The characterization of various neuropathological endpoints in the
PDAPP mouse model of Alzheimer’s disease provides valuable information to be used
by the skilled artisan in designing appropriate human therapeu_tic immunization
protocols. For example, reduction of neuritic burden may be accomplished in human
subjects using a humanized version of 12B4 of the IgG1 subtype (i.e., the human
equivalent of the IgGy2A subtype in mice) which binds to an epitope within residues 3-7
of AB.

Example IV: Ex vivo Screening Assay for Activity of Antibodies Against Amyloid
Deposits '

To examine the effect of antibodies on plaque clearance, an ex vivo assay

was utilized in which primary microglial cells were cultured with unfixed cryostat
sections of either PDAPP mouse or human AD brains. Microglial cells were obtained
from the cerebral cortices of neonate DBA/2N mice (1-3 days). The cortices were
mechanically dissociated in HBSS™ (Hanks’ Balanced Salt Solution, Sigma) with 50
pg/ml DNase I (Sigma). The dissociated cells were filtered with a 100 um cell strainer
(Falcon), and centrifuged at 1000 rpm for 5 minutes. The pellet was resuspended in
growth medium (high glucose DMEM, 10%FBS, 25ng/ml recombinant murine GM-CSF
(rmGM-CSF), and the cells were plated at a density of 2 brains per T-75 plastic culture
flask. After 7-9 days, the flasks were rotated on an orbital shaker at 200 rpm for 2h at
37°C. The cell suspension was centrifuged at 1000rpm and resuspended in the assay
medium.

10-um cryostat sections of PDAPP mouse or human AD brains (post-
mortem interval < 3hr) were thaw mounted onto poly-lysine coated round g]ass
coverslips and placed in wells of 24-well tissue culture plates. The coverslips were
washed twice with assay medium consisting of H-SFM (Hybridoma-serum free medium,
Gibco BRL) with 1% FBS, glutamine, penicillin/streptomycin, and 5ng/m! rmGM-CSF
(R&D). Control or anti-AP antibodies (12B4) were added at a 2x concentration (5

68

t 00

but

of



Exanmple 1V: Ex vivo Screening Assay for Activity of Antibodies Against

Anyl oid Deposits 15 To exam ne the effect of antibodies on plaque

cl earance, an ex vivo assay was utilized in which primary mcroglial cells
were cultured with unfixed cryostat sections of either PDAPP nouse or
human AD brains. Mcroglial cells were obtained fromthe cerebral cortices
of neonate DBA/2N mice (1-3 days). The cortices were nechanically

di ssoci ated in HBSS-- (Hanks' Balanced Salt Sol ution, Sigma) with 50 20
g/m DNase | (Sigma). The dissociated cells were filtered with a 100 m cel
strainer (Falg@Mnal)@sd it Thd maeskial cshdORrd M ie@&ecﬁatmdeh&tg%foﬁmope' I et

was resuspende row h nedi um (hi gh gl ucose DVEM 25ng/ m
r econbi nant ﬁﬁ?s('ﬁgasﬁ&‘wﬂ‘m( WW)W‘"%W&’“!W%@PI“B"IM@19¢‘l§’9@d(3¥f’ca

density of 2 sbycd,nEorR8hr of niore.PAAGE | 'eﬁd S%E H{cﬁbanoh %gculﬁfrés%erg ﬁgeog@%lg ol he

fl asks were rotated on an orbital shaker at 200 rpm for

cel | suspensPa@forRaldglsie and B@'@Gaﬁhzeﬂwm%h%mon-&%pﬁhmmqm “tehaastaisexhy

medi um | §- Mygiias rzeﬁ%@ﬁl@n b Afh H@Q pains (post-
nortem i nterval %nga wer e t untegc?mg#fgcgjﬁom |(ﬁ9(coat ed round

gl ass cover mgo%darﬁﬂ)a&'édemxewsInscm’ghalcﬂ:el\hewd:retwswued buhhm’learpia&t es The

CFybr 1 donra- s C0RPBy THEERES WirE Bysthybl WARAI ITRES HILERAR! Mitolitord aiton,
penicillin/sfl Eéﬁi)@n#ohmomamgr@hQMe takdBIWiCSFSPORAR)tal Cantera wingBPGMt i - An

anti bodi es (1ZB4 drflefy2X concentration (5 68 pg/nl final) for 1
hour. The mcro % gﬁlagne%sﬁweree en seeded at a density of 0.8x 106

cells/n @ssay me h mdifie

i ncubat of (37>C/: g@&%@) -I;i Sr%h%‘%&e}ﬁr&@ ﬁ?ﬁéﬂ% ﬁé’m s,ganodxls 1 {f?gpfeﬁ?ﬁ?ﬁ& fon, the
cul t ures wer eortiok edibatly mw%nqdawafomfﬁedcﬁ,@mﬂglo&ndacpﬁﬁ repaitediimted and hé 0. 1%
Triton- X100. .The secti ons t ai ned h bi oti nyl ated 3D6 fol |l owed by
a streptavi dP*hagP”?X/%s ‘c%sn ‘g I(S‘f%tf?éb %%EW&B‘C cufygeddn ifenous

i croglial Cpﬂek&xcMﬂfH)&brSWl medmmbuﬁd@idﬁxksaﬂére Hlr @1 gordel ke miRlimul t ur es
wer e observed WILh an inverted fluorescent mcrosc (N kon, E300) and
phot omi cr ogr SPRSPWFINUMERQYS PRAgORYYE ‘S?P@FSGP@PWH!E%@% e isis @llsFI@PltSsoftware

(Di agnosts ¢ ivemtobtamatvaih ADGra euetib ke 306 SaNud@Sz AR e R Rt MirhtHPRARP brain

sections in the presence of a
induced phagocytosis of AD plaques, while control IgG1 was ineffective (Figure 8A-B).

The data presented in Examples II and III confirm function of the cloned 12B4

variable regions.

20  Example V. 12B4 Humanization
A. 12B4 Humanized Antibody, Version 1
Homology/Molecular Modeling. In order to identify key structural

framework residues in the murine 12B4 antibody, a three-dimensional model was

generated based on the closest murine antibodies for the heavy and light chains. For this
25  purpose, an antibody designated 2PCP was chosen as a template for modeling the 12B4

light chain (PDB ID: 2PCP, Lim et al. (1998) J. Biol. Chem. 273:28576), and an |

antibody designated 1ETZ was chosen as the template for modeling the heavy chain.

(PDB ID: 1ETZ, Guddat e al. (2000) J. Mol. Biol, 302:853). Amino acid sequence

alignment of 12B4 with the light chain and heavy chain of these antibodies revealed that
30  the2PCP and 1ETZ antibodies share significant sequence homology with 12B4. In

addition, the CDR loops of the selected antibodies fall into the same canonical Chothia
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control antibody having no in vivo efficacy, (3-anyloid plaques renai ned
intact and no phagocytosis was observed. In contrast, when adjacent
sections were cultured in-the presence of 3D6 or 12B4, the anyloid
deposits were largely gone and the mcroglial cells showed numerous
phagocytic vesicles containing AR (Figure 7). Simlar results 15 were
obtained with AD brain sections; 3D6 (a humani zed version) and chineric
12B4 i nduced phagocytosis of AD plaques, while control 1gGl was
ineffective (Figure 8A-B). The data presented in Exanples Il and I

conf i rm f uncitn@furarfclishe 26 1o RRACBR Bbps YATIERD I hef B8t PP a%@lﬁﬁm{r@ V. 12B4
Humani zation, A, 12B4 Humani zed Anti gody Version 1 Honol ogy/ Mol ecul ar

Mbdel i ng. | nitdiaii selegted a%ﬁt"bf’?e%(‘éffog'ﬁi stetctira for homalagysiodelingsifdaBs. i n t he
murine 12B4 antibody, Af{inHeg §|n%gﬂ ?@I %reg%g%%hggtbased on the

cl osest nurine_antibodies Por the eavy an or this 25
pur pose, an %m{bPB’GEIPOtﬂé§1?(‘gﬂataé60@tl’@edi\mn&thg§eﬂk &sSeaMOérm:bchtesGeoeMmdel i ng

the 12B4 s|ights)ch@lste pRRBed. o ;ﬁ{ﬁﬁ&

273: 28576) g)r?d)an e% oay DQ’e’gE naa{é_ggg \A%islgn(%:i%osaee emaﬂ%e@s‘et gh??f}l ate for
nmodel i ng thelvhée&vgar énahqatxons(map (H:alo AlETZA). Ghidaifiwate pakkage 200yedby Mol .

Bi ol . 302: 858) Pﬁ\m @@H e Tent of th t e Ilght chain
and heavy chal}n a@ﬁlé%g& gnnc‘S }%gsfa?lg\l/aé%lqedprf’%eéf é@%ﬂ‘@nﬂ W ETZ

ant i bodi es shuematgigghe $tﬁwantolwqmemmelrhbfmﬂeﬁlgya\phmhrylsz%ncddihaﬁd'@llité on, the
CDR | oops of t|b dlesfall i nt e sa can ni cal Chothla
69 structur ?ftmﬂ%va@lggg&g%% toﬁm HEF Rsasde %1‘ \%?%if‘ 'f°c5’r aplygsdBlang |
ETZ wer el0 i nworkatatign s&iechMX&evmmneandheeraodH‘ledsmluvmfb i hitt@htitaRy tFinedlOnol 0gy
nodel i ng of 1 vari abl e regi on based
on the antllézgﬁeggs P\g ne{fgy 'm ’Zg\/}bé’ LeB%Z"[rgﬁf:‘feéﬂ gfaﬁgdafﬂﬁlcﬁefﬁ%‘%“@egwbd
Modul es Gened]dtlmeze aet(tm’Staﬁé ars:biiath&f Wallatkagions A SurfiRt tefmeEmv@sd was baipased
under a perpestnu og nse frar l\/gbecul r Applications Goup (Palo Alto,

CA). This so‘ffv%are"b € épaé BP9y Drs. Mchael Levitt and Chris Lee,
facilitates the process of nol ecul ar nodeling by automating the steps

i nvol ve 5|n structural del p i mry sequence on.a tenplate of known

structur€ based on squﬁéﬁ’é%{' e TRIIRGDOTFIHESES. | SBADIECHABAR cs | RIS 10
wor kst ati on acmmdir aﬂnbMy)ée@ImtésCWHﬂ@mEmlﬁ&d%y@ﬂ@h@ﬁc&ﬁﬁa‘ﬁ%d&r&tHesammo acid

aut ormat i cal ls\é uences oefdhe mouse variable regions with the sequences of known human antibodies.

The comparison was performed separately for the 12B4 heavy and light chains. In
particular, variable domains from human antibodies whose framework sequences

20  exhibited a high degree of sequence identity with the murine VL and VH framework
regions were identified by query of the Kabat Database using NCBI BLAST (publicly
accessible through the National Institutes of Health NCBI intemnet serQer) with the
respective murine framework sequences. |

Two candidate sequences were chosen as acceptor sequences based on

25  the following criteria: (1) homology with the subject sequence; (2) sharing canonical
CDR structures with the donor sequence; and (3) not containing any rare amino acid
residues in the framework regions. The selected acceptor sequence for VL is Kabat ID
Number (KABID) 005036 (Genbank Accession No. X67904), and for VH is KABID
000333 (Genbank Accession No. X54437). First versions of humanized 3D6 antibody |

30  utilize these selected acceptor antibody sequences.
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by a series of energy mnimzation steps to relieve unfavorable atomc
contacts and optimze electrostatic and van der Walls interactions. A
further refined nodel was built using the nodeling capability of
Quanta(r). 15 Selection of Human Acceptor Antibody Sequences. Suitable
human acceptor anti body sequences were identified by conputer conparisons
of the am no acid sequences of the nouse variable regions with the
sequences of known human anti bodi es. The conparison was perforned
separately for the 12B4 heavy and |light chains. In particular, variable

donai ns from hunman ant$:.Besh&s: Joaso Akia Keyidids. ASAYRAGHS a2@e B¥RAREIed a hi gh
degree of sequ&ng}g identity with the nurine VL and VH framework regions

ver e identi f HBPOBYS Bfiree ywsmthnwerrmamanealﬁ5@a§yowe@gnmptam&sfromb| icly
accessi bl e t UGB g8k Q@Jeplo‘?%hhhﬂﬁ&uﬁﬁ) Hﬂ%h‘ﬂle‘hﬁgﬁlm dynn%e‘?érﬂx‘?ﬁm erver)

with the respective murine framework sequences. Two candi e sequ nces
wer e chosen @sloaés@sﬁa@albémmnmsvmoshbul%(dpn@ imyiungglobigind termed i a: (1)
honol ogy 4 t fpgdesahl ﬁeﬁtlfﬁgw ’lcn'(e%}an térﬂlgmﬁ%‘ RS 8k 128HRaSt r uct ur es

w th the donor sequence; contarning any rare amno acid
residues in aneoma@d'@mmweegarmunqgmube&wmt serwpt tordesgymemdichf dr VL i s

Kabat 1D Nu 4 and for VH
is KABID 00%%3%5%@%%I2 g%%i&#%ﬁp&o%gi@ﬁﬁgiﬁn FeofF p\%/%g)z‘z%o%’lgthof

humani zed 3D&swhig uochniZ0 antibddyze t hese sel ect ed acceptor anti body
sequences. 70 Substitution of Am no Acid Residues. As noted supra, the
humani zed aﬁgsihpﬁeq,l %ﬁ ,?v—fa"t Peedifyention conprise variable framework regions
substantial l'y om aman | mmnogl obul in (acceptor imunogl obulin) and
conpl ementarity deterninin regi ons substantially froma nouse

i munog! bbul i n” ( dB1 @“‘PW&@WF ofrihe reghapedilighy chaipy regigpiingropadmt i fi ed t he

~ conpl enent argigredetie RhitbOsr the sceptsr Rimewrdd (eqtda @@ﬁﬁﬁ{s'f&?ﬁh%ﬁﬁ@ accept or

i nrnunogl obul rns, the next step was to determ ne any, . resi dues
from these CRfdHubegraun as hatydich eamesposduigtthainueng Heaegion pas nd wruisedl t he
resul ting hugaplZad At R heREFRAREH IS GRS rﬁbeh&h\éJaﬁ&LQﬂstr&Quthe am no
acid alignment of the reshap 5 aln Vare I on Figure 1.
The choi ce oFFotRfe Aatiegipbesk 'T“i*‘a \R)IE figtated 39@59%’)““? falls inprthetpanagigad

15  classification. Version 1 of the reshaped VL is fully germline.

Reshaped heavy chain V region:

The amino acid alignment of the reshaped heavy chain V region is shown in
Figure 2. The choice for the acceptor framework (Kabid 000333) is from the same
human subgroup as that which corresponds to the murine V'region, has no unusual

20  framework residues, and the CDRs belong to the same Chothia canonical groups.

Structural modeling of the murine VH chain, in conjunction with the amino acid
alignment of Kabid 000333 to the murine sequence dictates 9 back-mutations in version
1 (v1) of the reshaped heavy chain:- L2V, V24F, G27F, 1291, [48L, G49A, V67L,
V71K, & F78V (Kabat numbering). The back mutations are highlighted by asterisks in

25  the amino-acid alignment shown in Figure 2.

Of the 9 back mutations, 4 are dictated by the model because the residues are
canonical residues (V24F, G27F, 1291, & V71K, indicated by solid filled boxes), i.e.
framework residues which may contribute to antigen binding by virtue of proximity to

CDR residues. There are no back mutations necessary in the next most important class
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human subgroup as that which corresponds to the nurine V region, has no
unusual framework residues, and the CDRs belong to the sane Chothia
canoni cal structure groups. A single back nutation (12V) is dictated as
this residue falls into the canonical 15 classification. Version 1 of the
reshaped VL is fully germine. Reshaped heave chain V region: The am no
acid alignnment of the reshaped heavy chain V region is showmn in Figure 2.
The choice for the acceptor framework (Kabid 000333) is fromthe sane
human subgroup as that which corresponds to the nurine V region, has no
unusual 20 fofresdmsskthe aserfise sesidasdintdleedGRREH LAl pargingintthaetiaR TRdcael By a

canoni cal groups. t ruct ur al. del.i ng of e rine VH chain, in

conj unct i og We?'ﬁ’of‘?f‘i i ?‘?B’aéf@?%rj? re @Fﬁ&ﬁ‘éﬁ&eﬁg‘?r qgg‘bf“éf“@@’(’)g@g?’t%glt’ﬁé9ﬁuri ne
sequence di cVarEF78VhHakat AuhBdring) 81l faN iMQIthé Mdiniet cladl(ndREcticb@rib@fhaped heavy
chai n: _ L2V, E\r{ﬁgﬁ &gZE‘Z‘E 129L, 148L, G49,A_, V67L, V71K, & F78_V (Kabat

nunberi ng). 9. At fFT5R SnRied bexetinifigitscd)- by asterisks in 25 the

am no-acig al i gnment sWQ¥¥Bn b Waki&kRd % refdin thRGoWesPRGHLINSE AS-CBR mitri

e
di ctated by the nodel because the residues are canonical respc?ues l?ETV24F,
Q7F, 129L, &gk ThekdVchackmutptonsipirpduices 3 nerygesantias phange vhenfusingeMidt-k

~resi dues whi ghad WY s&GRIKhE }a&%xgcg ,QndHid BRRmBNG ﬁ%li%ma\féc{i%llr‘]@rsﬂjn zf&%és {“ ty to

CDR residues. There are no mut ations necessary I n the nex
i nportant clkeagy ghaigfo regterediie germ liee. | Thegpmhainmerdewiraiercdass ek metdtions avé+ VL

packing inte L (Lo e THe Lhi r,esi dues
t arget ed for£l%g{:e§tg{:rfb3tlgkl ?}glr?ﬁ?tI?g@eq‘%ﬁwgﬁb(i% %%" bﬁ%@'ﬁkzbg?r S'g’ﬂr%beri ng)
al | fal |19 nttbus pantaip e titdrof § Inee-€OR myfinerssidoes(( in Vit aroid tnoVHICDRersion 3

conformati o aﬁi&g i i j o} - i esi gned
to retain tﬂvé om%g%ﬂr?dnﬁégrggc?? mr%?)?l\:éggﬁgljﬁ%?‘?cﬁéﬁg%égﬁgggé’%ﬁghe&f%%ep
backnut at i orinflisetepniay s the mong-igpemntdnt nench esgieey. Viiewe ugsiog 3\¢bitainS 4 tatsl t he
gernine refcﬁ-rmqleéDR Qinwés?d[ugsfwk”m ation is elimnated in version 2 of
the heavy chain to restore it to germline. The remaining 4 vernier class
back mutations are also restored in version 2 of the heavy chain (148L,
GA9A, V6175L’ F78V)' Vegé!s?rrl]mz i thtehHgn Cglr})tcai gra?edt'ottoai'ler'()f % Pond- mur i ne
residues (1 in VL, and Z"TH VR OVETE oN CIPOREE RSTTGNEE 't 9™ %e3Pore 2 of
the 5 ver ni dumangied 1284 arepBisentéd in7BY)e 8.whi ch t he nodel indi cates nmay be
the nore inportant vernier residues. Hence version 3 contains a total

Table 8. Summary of changes in humanized 12B4.v1

Changes VL (111 residues) VH (123 residues)
Hu->Mu: Framework 1/111 9/123
CDRI1 | 8/16 717
CDR2 377 8/16
- CDR3 6/8 10/13
Total Hu->Mu 18/111 (16%) 34/123 (28%, v2=23%)
Mu->I-'Iu: Framework 10/111 16/123
Backmutation notes 1. 12V: a canonical position. | 2. Canonical: V24F, G27F,
1291, & V71K
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of 7 non CDR nurine residues. 15 A summary of the changes incorporated into
versions 1, 2 and 3 of hunmani zed. 12B4are presented in Table 8. Table 8.
Summary of changes in humani zed 12B4.vl Changes VL (111 residues) VH (123
residues) Hu->Mu: Framework 1/111 9/123 CDR | 8/16 7/7 CDR2 3/7 8/16
CDR3 6/8 10/13 Total Hu->Mu 18/111 (16% 34/123 (28% v2=23% Mu->Hu:
Framework 10/111 16/ 123 Backmutation notes 1. 12V. a canonical position.
2. Canonical: V24F, &7F, 129L, & V 71 K 72 3. Packing: none. 4. Vernier:
L2V* | 148L%# CAGA—VB7L* F78V#  Acceptor 5 KABI DO05036/ Genbank 8.
KABI DO00333/ Genbank not es| Acc#-x67904 Acc#x54437 6, CDRs from samg 9.
CDRs from $ame canonical ptructural canoni cal étrfﬂ?l‘li‘lga‘lmnﬁroup graup as
donor nouse¢; as donor nousg; 7. anti-cardiolipiin/ss DNA 10. rheunataid

=l

factor mAb| autoantibody ffom SLE from RA pati qmt Veaaterel®V*, f43L*ai nate in

v2 and v3;{ #elimnate in y2, restore in v3. Table 0 11 set forth
Kabat nunbering keys for the various |ight and he‘g‘\‘/éjl"‘*cs}a]ﬁqﬁs’,]]:zscygﬁecti vel y.

5 5. KABID 005036/Genbank | 8. KABID000333/Genbank
Acceptor notes :
Acc#-x67904 Acc#x54437
6. CDRs from same 9. CDRs from same
canonical structural canonical structural group
group as donor mouse; as donor mouse;

7. anti-cardiolipin/ss DNA 10. rheumatoid factor mAb
autoantibody from SLE from RA patient

patient;

*eliminate in v2 and v3; .
#eliminate in v2, restore in v3.

Tables 10 a;iii' 11 set forth Kabat numbering keys for the various light and
heavy chains, respectively.
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73 Table 9: Key to Kabat Nunbering for Light Chain nouse HUM A1l9 KAB 12B4
12B4 KABID Germ# # TYPE VL VL 005036 line Cooment 1 1 FRR DDDD2 2V
| | canonical - backmutate invl, v2and v33 3 LVVYV 44 MMM

TTTT 66QQQQ 77TSSS 88PPPP 99LLLL 1010 S
11711 L LLL 1212 PP"PP 1313 VVVYV 14 14STTT 15 15 L
16 16 GGGG 17 17 DEEE 18 18 QPP P 19 19 AAAA 2020 SSSS
21 211 I I I 2222 SSSS 2323 CCCC 742424 CDRR RRRR

Table 9: Key to Kabat Numbering for Light Chain

Vv

M 55
SSS
PPP

mouse HUM Al9-
KAB 12B4 12B4 KABID Germ-
# # TYPE VL VL. 005036 line Comment

1 1 FR1 D D D D
2 2 \% A% I I canonical — backmutate in v1,
v2 and v3
3 3 L \Y \ \
4 4 M M M M
5 5 T T T T
6 6 Q Q Q Q
7 7 T S S S
8 8 P P P P
9 9 L L L L
10 10 S S S S
I 11 L L L L
12 12 P P P P
13 13 v \'% A% v
14 14 S T T T
Is 15 L P P P
16 16 G G G G
17 17 D "E E E
18 18 Q P P P
19 19 A A A A
200 20 S S S S
21 21 I [ 1 I
22 22 S S S S
23 23 C C C C
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2525 SSSS 2626 SSSS 2727 QQQQ 27A28 NN
27C30 VVLL 27D31 HHHH 27E32 SSRS 28 33 N
G 3035 NNYY 313 TTNN 3237 YYyy 33381L
D 3540 FRR WWWW 36 41 YYYY 3742 LLLL 384
K 4045 Pppp 4146 GGGG 42 47 QQQQ 43 4

K K
pp
YY

p 4550 KQQQ 4651 L LLL 4752 LLLL
y 5055 CDRZ KK L L

24
25

24

25

26
27
27A
27B
27C
27D
27E
28
29
30
31
32
33
34

35
36
37
© 38
39
40
41
42
43

45
46
47
48
49

50
51
52
53
54
55
56

26
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35
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43
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54
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5156 VV GG 5257 SSSS
56 61 SSSS 75 57 62 FR3

DDD 61 66 R
SSS 66 71 G
DDD 71 76 F
I 11 76 81 S
AAA
57
58
59
60
61
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63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

89
90
91
92
93
94
95
96
97

WO

" 8

RR 62 67
GG 67 72
FF 72 77
SS 77 82

62 FR3
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81

83
84
85
86
87
88
89
90
91
92
93

94 CDR3
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81 86 EEEE 8287 DDDD 8388LVVYV 848GGGG 8 90VVVYV
86 91y yyy 87 92YYYY 8893 CCCC 8994 COR8S F-FMM 90 95 QQ
QQ 9996 GGAA 9297 SSLL 9398 HHQQ 9499 VVTT 95 100 PP
pp 96101 L LYO97 102 TTT 76 98 103 FR4 FF F 99 104 GG G 100 105
AQQ 101 106 GGG 102 107 TT T 103 108 KKK 104 109 L L L 105 110

EEE 106 111 L I | 106A 112 K K K 77 Table 10. Key to Kabat Nunberi ng

for Heavy Chain Mouse HUM VH4- 39 VH4- 61
98 103 FR4 F F F
99 104 G G G
100 105 A Q Q
101 106 G G G
102 107 T T T
103 108 K K K
104 109 L L L
105 110 E E E
106 111 L I I
106A 112 K K K

77



KAB TYPE 1214 12B4 KABID Germ Germ # # VH VHvl 000333 line |ine Coment 1
Il FRLQQQQQ22VVLLVvernier- backnutate in vl only 33 T QQQQ
44LLLLL 55KQQQQ 66 EEEEE 77SSSSS 88GGGGG

99 PpppP 1010GGGGG 11 122 LLLL 21212LVVVYV 1313QK

G
KKK 1414 pppop 1515SSSSS 1616 QEEEE 17 17 TTTTT
S

p
1818 L LLLL 19 19 S SSS 2020LLLLL 2121 TTTTT 2222¢C
CCCC 2323 ST TT24 24 FFVVVcanonical - backnmutate in vl, v2

T 2
and v3 25 251‘a§1e§051éy§o K%gat%@um%enng forHGavyC a7mF F G G G canoni cal -
backnmutate in

Mouse HUM VH4-39 VH4-61
KAB TYPE 12B4 12B4 KABID Germ- Germ-

¢ # VH VHvl 000333 line line Comment

1 1 FR] Q Q Q Q Q

2 2 v \% L L V  vernier-
backmutate in v1 only

3 3 T Q Q Q Q

4 4 L L L L L

5 5 K Q Q Q Q

6 6 E E E E E

7 7 S S S S S

8 8 G G G G G

9 9 P P P P P

10 10 G G G G G

11 11 I L L L L

12 12 L \% \% A" v

i3 13 Q K K K K

14 14 P P P P P

15 15 S S S S S

16 16 Q E E E E

17 17 T T T T T

18 18 L L. L L L

19 19 S S S S S

20 20 L L L L L

21 21 T T T T T

22 22 C C C C C

23 23 S T T T T

24 24 F F \"2 A" V  canonical — backmutate in
vl, v2 and v3

25 25 S S S S S

26 26 G G G G G

27 27 F G G G canonical ~ backmutate in
vl, v2 and v3

28 28 S S S S S

29 29 L L I I V  canonical —- backmutate in

: vl, v2 and v3
30 30 S S S S S
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vl, v2 and v3 28 28 SSSSS2929 L LI | Vcanonical - backmutate in
vI:v2andv3303OSSSSS 78 31.31 CDRI TT- RSS 3232 NNGSG
3333GGSSG 343 MMHYY 3535 GGYyy 35A36 VVWww 35B 37
SSGGS 36 38 FRZ WWWww 37391 I 1 I I 383 40RRRRR 39141 QQ
QQQ 4042 ppppp 4143 SPppp 4244 GGGGG 43 45 KK KKK
44 46 GGGGG 4547 L L LLL 46 48 EEEEE 47 49 WWWWW48 50 L
and v3 only 49 51 A A GG Gvernier-

LI I | vernier- backnutate in vl
backmrut at e in31vl 31onasRlSO ?2 CDR? H HRS S Y851 5351 110 1 1
32 32 N N G S G
33 33 G G S S G
34 34 M M H Y Y
35 35 G G Y Y Y
35A 36 Vv \% w w W
35B 37 S S G G S
36 38 FR2 w w W w w
37 39 I I I 1 1
38 40 R R R R R
39 4 Q Q Q Q - Q
40 42 P P P P P
41 43 S P P P P
42 44 G G G G G
43 45 K K K K K
44 46 G G G G G
45 47 L L L L L
46 48 E E E E E
47 49 w w w w w
43 50 L L I 1 1 vernier = backmutate in v1
and v3 only
49 351 A A G G G vernier — backmutate in v1
only
50 52 CDR2 H H S S Y
51 53 I 1 I I I
52 54 Y Y Y Y Y
53 55 w w Y Y Y
54 56 D D S S S
55 57 E E G G G
56 58 D D N S S
57 59 K K T T T
58 60 R R Y Y N
59 61 Y Y F Y Y
60 62 N N N N N
61 63 P P P P P
62 64 S S S S S
63 65 L L L L L
64 66 K K K K K
65 67 S S S S S
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4 YYYYY 5355 WWYY 54 56 DDSSS 5557 EEGGG 56 58D
EZNSSS 57 59 KKTTT 5860yRRYYN 50 61 YYFYY 6062 NNNNN
61 63 ppppp 6264SSSSS 63 65LLLLL 64_66KKKKK 65_67
SSSSS 7966 68 FRERRRRRG67 69 L L VYVYVvernier - backnutate in
vi only 68 70 TTTTT69 71111 -11 7072SSSSS71 73 KKVYVYV
canoni cal - backnmutate in v 1, v2 and v3 72 74 DDDDD 73755 TTTTT
74 76 SSSSS 7577 NKKKK 76 78 NNNNN 7779 QQQQQ78 80 V

V FF Fvernigr -gacgggutatg in v andv3d o R
' 67 69 L L \% v vV vernier — backmutate in v1
only
68 70 T T T T T
69 71 1 I I I I
70 72 S S S S S
71 73 K K v \" V  canonical — backmutate in
vl, v2 and v3
72 74 D D D D D
73 75 T T T T T
74 76 S S S S S
75 77 N K K K K
76 78 N N N N N
779 Q Q Q Q Q
78 80 A% \%4 F F F vernier — backmutate in vl
and v3
79 81 F S S S S
80 82 L L L L L
81 83 K K K K K
82 84 I L L L L
82A 85 T S . S S S
82B 86 N S S S S
82C 87 \" A" A% -V \"4
83 88 D T T T T
84 89 T A A A A
85 90 A A A A A
86 91 D D D D D
87 92 T T T T T
88 93 A A A A A
89 94 T v \% \Y \Y
90 95 Y Y Y Y Y
91 96 Y Y Y Y Y
92 96 C C C C C
93 97 A A A A A
94 98 R R R R R
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1FSSSS 808 LLLLL 8 83KKKKK 8841LLLL 82A85
%9585 SS 82B8 NSSSS 8C8 VVVVYV 838DTTTT 848 TAA
AA 8590 AAAAA 86 91 DDDDD 87 92 TTTTT 8 93 AAAAA 89
94 TVVVYV 9095YYyyy 9196 YYYYY 9296 CCCCC 93 97 AA
AAA 9498 RRRRR 809599 CDORS RRL 95A 100 - - G 96 101 RR P
97 102 1 1 D 98 103 1 | D 99 104 Y Y Y 100 105 DD T 100A 106 V V L

I0COB 107 EE D 100C 108 DD G 100D 109 Y Y -

95 99 CDR3 R R L
95A 100 ] . G
9% 101 R R P
97 102 I I D
98 103 I I . D
99 104 Y Y Y
100 105 D D T
100A 106 \% \Y% L
100B 107 E E D
100C 108 D D G
100D 109 Y Y -
100E 110 F F M
101 111 D D D
102 112 Y Y \%
103 113 FR4 \ w w
104 114 G G G
105 115 Q Q Q
106 116 G G G
107 117 T T T
108 118 T T T
109 119 L Y v
110 120 T T T
111 121 Vv Vv A\
12 122 S S S
113 123 S S S

The humanized antibodies preferably exhibit a specific binding affinity
for A of at least 107, 10°, 10° or 10'° M. Usually the upper limit of binding affinity of
the humanized antibodies for A is within a factor of three, four or five of that of 12B4

5 (ie,~10°M™"). Often the lower limit of binding affinity is also within a factor of three,
four or five of that of 12B4.

Assembly and Expression bf Humanized 12B4 VH and VL, Version ]
Figure 9a is a schematic representation of the strategy for PCR mediated assembly of
humanized VL.v1. Figure 9b is a schematic representation of the strategy for PCR
10 mediated assembly of humanized VH.v1. Table 11 sets forth primers used for the PCR-
mediated assembly of 12B4v1.

81



0

of
Orm HIla

for
PCR

| ower

four or five

limt of
of that of 12B4. Assenbly and Expression of Humani zed 12B4 VH and VL,

t he humani zed anti bodies for AP is within a factor
d .14 0 Cm.E

Oten the
Q > 1,

limt of binding affinity is also within a factor of three,
medi at ed assenbly of

gCsSi

--109 M'1).

. e.
Figure 9b is a schematic

109 or 1010 M'1. Usually the upper
PCR 10 nedi ated assenbly of humani zed
1 sets forth prinmers used for the PCR-
Ni O1J fEM E QQ a,
.1 OHO}

humani zed VL. vl .

108,

| east 107,
I
Oyl mrE~ ONX -+

bi nding affinity of

t hr ee,

four or five of that of 12B4 5 (i
. 14i

Tabl e

100E 110 F F M 101 111 DD D 102 112 Y Y V 103 113 FRA WWW 104 114 G
d

GG 105 115 QQQ 106 116 GGG 107 117 T T T 108 118 T T T 109 119 L
VV 110120 T T T 111 122 VV V 112 122 S S S 113 123 S S S The
Version 1 Figure 9a is a schenmatic representation of the strategy for

humani zed anti bodi es preferably exhibit a specific binding affinity
representation of the strategy for

VH. vI .
12B4v1. 81 V) Lr.w+ m 41 V al

medi at ed assenbly of

A(3 of at
JJ mE

rt

LT:ON aI 0ds

@319
IITPUTH PUE ‘SNIUISUOD MRZO)Y
§Ppe ‘ZZI-T SJU SUOD " TAHAVHZI
*039 80BT10 Aq pezysayjuds
xewtad YIAHA PHEZIWOY

OLIDYILOIDIOLIDIYOYHOILLIDD
YYOLODLIVYIDYIDIDOOILOVOOYIOLD
OYODLOOYIDILOLIILODDINOYIOILD

OQUOO&GOHUOBUUHUUHBUHHOwHUBUU
YIOVVYOLYI0eD060063306ereqebeb

£3X

€Vl

5889

9T:ON dI O3S

‘@315 IHweg+Iouop ao1(ds
SPP® (L6E€'98Z)BU0D  TATAPLZT
aouanbag
¥Nd Juswatdwo) asaaasy
038 B0BITO0 Aq pezissyjufs
Tawtad QIAMA pHZTWNY

YYYLOLOVYDLLILY
OLIDLOLIVIILIDIOVILIILYIVYIIDD
WYYV LYYIOVIOYYVOLLIOVYOLOLYOYY
DDODVYHLODYYDIIVOLIIIILOOLLOOY
JJLOIVYOLLLDO®D 3o eE6 e ehy

ON

0t1

vast

ST:ON dI 0dFs

‘pPuexls asu’ls
'SUOD" TATIALHZY 9TE<SET 83U
*038 8oBT10 Aq pszysayjuis
asuwtad DTATA pazIUny

: DLIDOVYOODLOYOVYDOY
ALYYYYOLOVIVILLLYOVIVIDOVILYD
DLOYIOOLOYDLLODYIYDLIODLOODOL
OLLLLYDDDYYOOLLLOYYYIOVLOLYDLD
DLIDYIVIDLILOVODDDYIDIOVYOYIOL

SaX

AN

€88%

¥1:0N a1 0as

(S1Z°58) sU0D " TAIAPEZT 9ousnbag
¥NG 3uswatdwo) 981343y
*2318 sobt10 Aq pazrsayjuis
Jowtad HTATA pgzTWny

DYDVYODOVYIDO90YD
1I9DDYIIIILODDIDODYOILYOVIOND
DLIJYOVLOVOLILLOLYVOVYOLYIOVL
LYIILLIOLODYIVYYIDLIVIOYLIOOVD
OLOLLODOLIDDOLOVOYOOLOLIOYIOV

ON

T€T

[4:1:24

£ET:ON aI 0ds

“ENSUSSUOD YEzZOy
+ 23Ts IIIPUTH SPPY ‘pueils
9SU3IS 'SU0D* TATAPLZT STI<T B3U
*033 806110 Aq pazisayjuis
xawtrad YIAIA pEZTWOY

DIODVOVOOIIDDDOYILDD
OIDLIDDLILIYIILIIOYILIVYOLYOLO
ILOLYOOODLOVYIILYOOLILILOOOLOL
OOLVYYIIDLIDDOOLIILIOYILIOLIDD
1ODDVDLY22ed0bo063306eeyebeS

53X

SET

188%

g3jueumno)

eouenbeg

ipuexls
Bbutpop

8ZIS

# VNG

14 ‘suoidar A pg7] poziuewmy Jo K|qUOSSE Paje(pal YO J Ul pasn $3p1j03[onuosijo oneyuAS 1] 3|qe]

82




1
m > OU

ﬁ1 E mEm
rAfO NmH

m(aH1
-r
UQa~4 00
UWw F
[ 0~000 WO
UHHQU 00000
U0000. 7 U F UUE- ~

I >

=
=0z oOuWw m
=z Ot <
~>4 c S5O ,
w
I AEUcmaU
~Z > © E.nu

q
UF
C

H
U
CD

roO UCOO 0 UU QQ

UU. U HUO UUTrr0~000 8K4 40 HFaO NF
OH U0 00 E-4 ICO O WU OUH L1: A (9000 F

UQC7 Q U OHC70U HUOU OQU QOC7C7 C7HE+ HC7

E-i 000 aCOFCWU U OUF EUHUUS OU

CQOF 0-0CQ D~20)

CTZ'ON aI D3s |

L¥°99 ‘D dwal, BUTIToM -
yyoyg‘utraisjod’staeq [€1]
06°T9 = 54D § ![8])
0T°BE = L+y gxswrad

LD DOL J¥D ¥HO 1OHL DOHY 9OV

154

Yeq g+¥ ‘TATA $dZT1 wny oN 068%
TZ:ON aI Ods
S v9 'O dwal DUTITeMW
yjoy‘utraisjod’staeq [z1)
SS°¥S = D+tD % ‘[0T]
S¥'Sy = I+¥ gxowrad
I0d g+Y ‘TATTA $HZT wnyg ¥ 2ooe 20b 2956 330 bee 33e beb §ax z2 ce8¥
_ 0Z:0N aI d3s
‘pus , ¢
03 Uua.m IHweqg + Iouop mu.n.ﬂmm
SppPe (LZV’LOE)SUOD" TAHAYEZT, OYDLOOYOYIVOLODIOVIOLOL
aousnbog : OLOD0DDIYIVIVYLOVIVYIOOLILLODL
YN Judwaidwo) 881949y - DOLVOLVYOYIVILYIVYILIOLOYIOVYY
‘018 s0b110 Aq pazissyjuds JLOYILOYIDIDDDLLODILOOLODIVOLO
aswrad QIAHA vdziwny DOVYOVYOOVOLOOed3deddebbjegedy ON 6€1 888%
_ 61:0N QI 0dS
LODDDDIYIYOYIOLIDIIVOL
- OLILIOYDIIDVYOLIDDILYLOOYIOWYD
8E€E€-T10Z83U SUOD ' TAHAPLZT YOI LODYOVOOYYYILYILYIOVILIOYDD
‘0313 sobt10 Aq pazrsayauds LOVYOYYILIDDLYIIOVYIYIIODOWYIOY
aowtad DTAHA pEZIWNY DOVOLYDDOLLYLOLYIVIYIOOLINOLO - 83K get L88E
8T:ON dI 03S
- LIDDOYYODDLOLOOOVIVOD
(0€Z'%6) 5U0D TAHADPHZT 22uanbss | OVOLOOYIDLOVYYOVOYIIVYIYYONOY
VNG Juswaidwo) 8siaaay JLIOLOVILLVIDVLYIDDYOYILIOYIDL
*032 506110 Aq pazTsayjuis Y0D0D910D999DLIDILLODILOYIILI
aswrad gTAHA vEZTIwny ¥OI9YIIOLOLOLYOVIVYIOILYDLIDL ON LET 988

83



N~
S.t 788 -°
O ITooa
2)DOD —~ OO nvmu
HOOUZ4FQN
e Hunu.A.wM cc
oiL°0loT.""5
© o Lo N |
5= 7.MWH”A.~ — w
- =
1| SWLQWw._ <
O O%ZQamlﬂ
OBF co9g-
mu)%%umwoma
0UL4®® MN %
— 1 -] (@)
) mwﬁL D) oI
¢ mypmm4nwO
— ) — -
alwmmbwwNwA
>3 N <C > m@.
o Do o
< <t D) c %
E7U0 m m[wl
Mcuow TS =
N~ o L .0O
O=T 0Fn>0|
TOO wAaMOz_
oo oD - <
mw Hunu mw_k.mw anu1d
Mw > -] - DN O ®©
UU NU®4Wm0y
o' a<«TwvcDom
oCO . o<
o Humth Humw c
WPWUmOIm @
oo
WQ T LO +H o
Tr_ O o, >
U%OU Lo~ E
1 m<AURQO
> uumw > o
LL m H0~mO
© @0 < m Z
%J%UOw@ o
HwUFW7QmCRO
55052651 T~

8Z:0ON 41

oas

LS b9 D dwag
BuratsK Yoy ’ursisiog’'staeq

(21] 00°0S = 94D %
‘e1) 00°05 = L+Y % _ R
aoutad 04 Q+d 'TAHA bEZT wny ‘DLD 2ed 30® 003 v6H el eoy ON ve 968V
. LZ:ON I O3S
S %9 ‘D dwag
buriran :uomNEﬂwumuom~mﬂ>mn
{z1} SS°FS = O4D §
‘fot] SH Sh = I+Y %
aawtad 104 Q+D ‘YAHA $HZT wny OLL ¥1D IWD WOV¥ D099 1dD 51O 89x ze SE8Y
9Z:ON dI 0dS
LS'$9 ‘D duwag
BuUTITSW Y30y ’uraisiog’staeq
(z1] 00°05 = D+D' %
flet) 00°0S = L+Y % : 009 .
Towrad  yeq g+¥ ‘TAHA bEZT wny I9L DLV 9YL WVYD D21 VoL J01 ON 4 ¥68%
SZ:ON dI 0das
S5° %9 D dwsL Bur3ten
y3oy‘uraisijog’siaeq [z1]
LT°2s = 9+2 % ‘[11)
€8°LY = L+v gxawtxd ¥ :
I04 g+Y ‘TAHA ¥dZ1 wuny oo® 206 Dob 330 bee eje Beb Sax %4 £68%
_ ¥Z:ON a1 0a3s
19°'¥9 ‘D dwal
mﬁ,.nn:”wz Yo .-.:.”mumucm ! gsTAeq
{z1] 98°ZF = 94D %
1 191) PL°LS = LY & 0 1DL WL
aawtrxd xeq d+d 'TIATTA BHZI wny IO Doed 30® D03 ebH ey by ON g8z z68%
€2:0N dr d0ds
0S°¥9 "D dwsl _
buritemn Y30y ‘utaisjog’ staeq
(21} 00°09 = D+D %
!19) 00 0% = LtV %
zawtxd JIo4 @+d 'TATA bgZT wny L) LOY D99 HYD DOV VOV I9L sax 0z 168%

84



U44) vo tou mu uumu rxxi x~f' fAq

d O,- LL d wwmO
) QQ 7 vy & O0>"'00+Uadv OuwQwm

EOO0O>Hil43 > QUC

m

oa do mHdo OL F a A a HE adP HuO0O1l RLN6/ N(AN~rd mNyv .

OR y>0CQyrc -4Q E9Ema-'i >'i ~i oc] u''"' AL Ed)
w:j M 0lcoai Up ~CVwal[47I1Cd4asqgayE r-4r--f mNMHa
mUWQFQ~~F VHIUOUdaUuQOFOVF 0OUaO0OOOFO QWUU

m

QFOF FUQ@ECU nNns U UOOOduOOOOFOOUHUB81-4 u HO-C7 ODUUO

UQU OOHE~-UQUUFUHO EFOOOU -UOQU UWUddO Uu OOUOaHOT ~
U

U
UOUEC/UQ E Opguitibid rifotes 6t OiiviAFvEAvES aftt FHE1E-VEVLD s¥ndierc

fragments were annealed as pairs, in separate reaction tubes using standard procedures.

OXI

The A+B annealing reaction was assembled using PCR with primers A+B for and A+B
back at 60°C annealing, 25 cycles (for = forward and back = backwards, alternatively,
5 revorreverse). Likewise the C+D annealing reaction was assembled using PCR primers
C+Dfor and C+Dback under identical conditions. The PCR-assembled 5° A+B half, and
3’ C+D half, were gel purified for a final PCR-mediated assembly. Full V region
assembly was effected by mixing the A+B assembled 5’ half with the C+D 3 half of the
V-region, annealing, and extending by PCR using VHv1A+B for primer, and VHv1C+D
10 back primer. The full length VH and VL regions assembled in this manner were gel
_ puriﬁed, and cloned into pCRScript for DNA sequence verification.
The nucleotide sequences of humanized 12B4VL (version 1) (SEQID

NO:5) and 12B4VH (version 1) (SEQ ID NO: 7) are listed below as Tables 12 and 13,

respectively.

15

Table 12. Nucleotide sequence of humanized 12B4VLvl.

ATGAGGCTCCCTGCTCAGCTCCTGGGGCTGCTAATGCTCTGGGTCTCTGGATCCAGTGG
GGATGTTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCCTGGAGAGCCGGCCT
20 CCATCTCCTGCAGGTCTAGTCAGAACATTGTTCATAGTAATGGAAACACCTATTTGGAA
TGGTACCTGCAGAAGCCAGGGCAGTCTCCACAGCTCCTGATCTACAAAGTTTCCAACCG
ATTTTCTGGGGTCCCTGACAGGTTCAGTGGCAGTGGATCAGGCACAGATTTTACACTGA
AAATCAGCAGAGTGGAGGCTGAGGATGTTGGGGTTTATTACTGCTTTCAAGGTTCACAT
GTTCCGCTCACGTTCGGTCAGGGGACCAAGCTGGAGATCAAAC

25
Table 13. Nucleotide sequence of humanized 12B4VHv1

ATGAAGCACCTGTGGTTCTTCCTCCTGCTGGTGGCAGCTCCCAGATGGGTCCTGTCCCA
GGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACCCTGTCCCTCA
30 CCTGCACTTTCTCTGGTTTTTCCCTGAGCACTAATGGTATGGGTGTGAGCTGGATCCGG
CAGCCCCCAGGGAAGGGACTGGAGTGGCTGGCACACATCTATTGGGATGAGGACAAGCG
CTATAACCCATCCCTCAAGAGTCGACTCACCATATCAAAGGACACGTCCAAGAACCAGG
TATCCCTGAAGCTGAGCTCTGTGACCGCTGCAGACACGGCCGTGTATTACTGTGCGAGA

AGGAGGATCATCTATGATGTTGAGGACTACTTTGACTACTGGGGCCAAGGGACCACGGT
35 CACCGTCTCCTCAG
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B. Humanized 12B4 Version 2 Antibody

d
d
W
1
D
r

A second version of humanized 12B4 was created having each of the

substitutions indicated for version 1, except for the L-> V substitution at residue 2, the
5 I L substitution at residue 48, the G> A substitution at residue 49, the V> L,
substitution at residue 67 and the F=> V substitution at residue 78. The nucleotide
sequences of humanized 3D6 version 2 light and heavy chains are set forth as SEQID
NOs: 9 and 11, respectively. The nucleotide sequences of humanized 3D6 version 2
light and heavy chains are set forth as SEQ ID NOs: 1 and 9, respectively. The amino
10 - acid sequences of humanized 3D6 version 2 light and heavy chains are set forth as SEQ

ID NOs: 2 and 10, respectively.

C. Humanized 12B4 Version 3 Antibody

A third version of humanized 12B4 was created having each of the

15 substitutions indicated for version 1, except for the L-> V substitution at residue 2, the
G-> A substitution at residue 49 and the V- L substitution at residue 67. The
nucleotide sequences of humanized 3D6 version 2 light and heavy chains are set forth as
SEQID NOs: 1 and 9, respectively. The nucleotide sequences of humanized 3D6
version 3 light and heavy chains are set forth as SEQ ID NOs: 1 and 11, respectively.

20  The amino acid sequences of humanized 3D6 version 3 light and heavy chains are set
forth as SEQ ID NOs: 2 and 12, respectively.

Example V1. Prevention and Treatment of Human Subjects

25 A single-dose phase I trial is performed to determine safety in humans. A
therapeutic agent is administered in increasing dosages to different patients starting from
about 0.01 the level of presumed efficacy, and increasing by a factor of three until a
level of about 10 times the effective mouse dosage is reached.

A phase IT trial is performed to determine therapeutic efficacy. Patients

30  with early to mid Alzheimer's Disease deﬁned'using Alzheimer's disease and Related
Disorders Association (ADRDA) criteria for probable AD are selected. Suitable patients
score in the 12-26 range on the Mini-Mental State Exam (MMSE). Other selection
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|_ complicating issues such as use of concomitant medications that may interfere. Baseline

evaluations of patient function are made using classic psychometric measures, such as

the MMSE, and the ADAS, which is a comprehensive scale for evaluating patients with

5 Alzheimer's Disease statusand function. These psychometric scales provide a measure

of progression of the Alzheimer's condition. Suitable qualitative life scales can also be

used to monitor treatment. Disease progression can also be monitored by MRI. Blood

profiles of patients can also be monitored including assays of immunogen-specific

antibodies and T-cells responses.

10 Following baseline measurements, patients begin receiving treatment.
They are randomized and treated with either therapeutic agent or placebo in a blinded
fashion. Patients are monitored at least every six months. Efficacy is determined by a
significant reduction in progression of a treatment group relative to a placebo group.

A second phase II trial is performed to evaluate conversion of patients

15  from non-Alzheimer's Disease early memory loss, sometimes referred to-as age-
associated memory impairment (AAMI) or mild cognitive impairment (MCI), to
probable Alzheimer's disease as defined as by ADRDA criteria. Patients with high risk
for conversion to Alzheimer's Disease are selected from a non-clinical population by
screening reference populations for early signs of memory loss or other difficulties

20  associated with pre-Alzheimer's symptomatology, a family history of Alzheimer's
Disease, genetic risk factors, age, sex, and other features found to predict high-risk for
Alzheimer's Disease. Baseline scores on suitable metrics including the MMSE and the
ADAS together with other metrics designed to evaluate a more normal population are
collected. These patient populations are divided into suitable groups with placebo

25 comparison against dosing alternatives with the agent. These patient populations are
followed at intervals of about six months, and the endpoint for each patient is whether or
not he or she converts to probéble Alzheimer's Disease as defined by ADRDA criteria at
the end of the observation. _

Although the foregoing invention has been described in detail for

30  purposes of clarity of understanding, it will be obvious that certain modifications may be
practiced within the scope of the appended claims. All publications and patent

documents cited herein, as well as text appearing in the figures and sequence listing, are
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(n O N UNtd Nbt NUNONtoty) I. ca.. mO!J) UOmOEI 00O
(nx GdO" "uncam”" HLEa HfdHE+ HC7I HLH UOroQdO CY Uri 0C7
d roOOwOC wrd E wWU wH wuO E+ to ++ Hcn tr Qcn E+ C7 cn 0 U2 4.1 Q
Vf mmmOco VNNNNNNN -1 Nr'l WNw a%a, 01 01 Trn CD COCD
CDcoCD V VV V 7V 84 Equinolar rations of VHv1A+VHv1B and

VHvl C+VHv1D synthetic fragnments were annealed as pairs, in separate
reaction tubes using standard procedures. The A+B annealing reacti on was

assenbl ed ugj with pripers A+tB for.and A+tB back at 60C anneal ing, 25
cycles (for %2&?255‘%8“‘E°r9ﬁbf§§°%"&° B F&&?‘Hﬁtﬁ% Hlepumpases fe|the samerexipnies if
reverse). Lick@dwnvereso heivihidlladaeatd. ng reacti on was assenbl ed usi ng PCR
prinmers C+Dfor and Dba kfunder j denLi cal conditions. The PCR-assenbl ed
5 A+B half, and 3' € R5f9reeqips & wilkbe trparent at themventionpsevigesiforrredi at ed
assenbly. Funhinbd ofegésOFor @K kDE inantiSl R IdRE fof Yhe Ts¥ bigh enbl ed
5 half with éhe C+tD 3' half of the V-rggi on, anr?ezgl i ng,ytdg?]}}cf%gl%gd?% ng by
PCR usi nS‘ VIR AR Aescribed phoyv gy the etmepty propltylaxs prdikenosis pbamyldidegénid | | engt h
VH and VL r agif8Soras 8 Hing ' re gel url.fied, and cloned
into pCRScript for DNA sgquginugeew\}iel??;l casl{%rn.'agf]ﬁglcncﬁ’gﬁ’g%'%’?'blg’ré’é‘h‘ﬂé‘i‘f’ces of
humani zed 19PR%L (version 1) (SEQ ID NO5) and 12B4VH (version 1) (SEQ ID
NO 7) are |listed below as Tables 12 and 13, respectively. 15
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Tabl e 12. Nucl eoti de sequence of humani zed 12B4VLv1.

ATGAGGCTCCCTGCTCAGCT CCTGGGECTGCTAATGCTCTGEGT CTCTGGATCCAGT GG

GGATGT TGTGATGACTCAGT CTCCACT CTCCCTGECCCGT CACCCCT GGAGAGCCEECCT 20
CCATCTCCTGCAGGTCTAGTCAGAACATTGT TCATAGTAATGGAAACACCTATTTGGAA

TGGTACCT GCAGAAGCCAGGECAGT CTCCACAGCTCCTGATCTACAAAGT TTCCAACCG

ATTTTCTGGGGT CCCTGACAGGT TCAGT GGCAGT GGATCAGGCACAGATTTTACACTGA

AAAT CAGCAGAGT GGAGGCTGAGGATGT TGGGGT TTATTACTGCTTTCAAGGT TCACAT

GITCCGCTCACGT TCGGTCAGEGCGACCAACCTGGAGATCAAAC 25 Tabl e 13. Nucl eoti de
sequence of humani zed 12B4VHvI
ATGAACEACCTGTCI;TTCTTCCTCCTGCTCI;T%AGCTCCCAGATCII;TCCTGTCCCA

GGTGCAGCT GCAGGAGT CGEGECCCAGGACT GGTGAAGCCT TCGGAGACCCTGTCCCTCA 30
CCTGCACTTTCTCTGGT TTTTCCCTGAGCACTAATGGTATGGGT GTGAGCTGGATCCGG
CAGCCCCCAGGGAAGGGACT GGAGT GGCTGGCACACAT CTATTGGGAT GAGGACAAGCG
CTATAACCCRATBSCT CAAGAGT CGACT CACCATAT CAAAGGACACGT CCAAGAACCAGG
TATCCCTGAAGCTGAGCTCTGTGACCGCT GCAGACACGGCCGT GTATTACTGTGCGAGA

AGGAGGAT CATCTAT AT S h A CTIAGTI RN AGE ?ggﬁ

CACCGTCTCCTCAG 85 B. Hunmani zed 17B4 VErS|on 2 An g§6‘ a%S%%vapglon of
hunmani z e FAPBAMRPENCEASHY deferiningdedon (CRR) frore thesiBstimmutioglobulirnitihe amee;d for
ver si on ﬁ%gﬁ { resi the 5
substltu%ﬁén at P%E C%Q%§Pﬁ§ﬁ¥£§§?§ﬁ%ﬁgg%?#%?pgﬁmg &?§§FGH@*49QO¥ QHWM L
subst i t uhiwan zaceptesimiuenogiobahin lightechRis st odes bkt uhl_haht dhesicdmpridl. The
nucl eotide s S n|z d 3D6.version light and heavy chains are
set forth as %guél?%%& Qﬁgﬁu}&é f cmo&cﬁgé?rf’?/‘%?r .resfﬂ"é? nucl eoti de sequences
of humani zed @ipGat msmmmul%tlrdtiogw afirtlerbiggy yackligiresdar € set forth as SEQ ID
NGs: 1 and 9, §eiﬁgct|ve " The ?nlno 10 acjd sequences of humani zed 3D6
version 2 Iigfft 3iF8SHPRSUPSEREIORO! 3 vernics Foge frampevintk gistguey @ NOs: 2 and 10,

respectivel y. (d§. atl'dldﬁﬂiﬂb&ﬁlﬁknilﬁﬁﬁ o¥airse edtidhe ANt i body A third version of

humani zed 1284 was created hayi n%n each of the
wherein the substitution 1s with the corresponding amino acid residue from the mouse.

12B4 light chain variable region sequence.

2. The light chain of claim 1, wherein the canonical framework residue is seiectea

from the group consisting of 1.2, 143, L64 and L71 (Kabat numbering coni'ention).

3. The light chain of claim 2, wherein the canonical framework residue is L2 (Kabat

numbering convention).

4, The light chain of claim 1, wherein the interchain packing framework residue is
selected from the group consisting of L36, L38, L44, L46, 187 and L98 (Kabat numbering

convention).

5. The light chain of any one of the preceding claims, which comprises two

complementanty determining regions (CDRs) from the 12B4 immunoglobulin light-chain

variable region sequence.
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15 substitutions indicated for version 1, except for the L4 V substitution
at residue 2, the &4 A substitution at residue 49 and the V4 L
substitution at residue 67. The nucleotide sequences of hunani zed 3D6
version 2 |light and heavy chains are set forth as SEQ ID NGs: 1 and 9,
respectively. The nucl eoti de sequences of humani zed 3D6 version 3 |ight
and heavy chains are set forth as SEQ ID NGs: | and 11, respectively. 20
The ami no acid sequences of humani zed 3D6 version 3 |ight and heavy chai ns
are set forth as SEQ ID NGs: 2 and 12, respectively. Exanple VI.
Prevention and Treatnent of Human Subjects 25 A singl e-dose phase | trial
is performed to determ ne safety in humans. A therapeutic agent is

~administered in i ing.dosages to. . different patients starting from
about 0.01 th% |ecg#ﬁgikgg%%ﬁ%%g°8??f%%@??e Wﬂdﬁﬁgrgg§$ﬁﬂnﬂ?méﬂ¥ ctor of

t hr ee untdirhpleméreargly deferrainmgtrediOnst (ODRS) tibg thE i 284 inBunoRleselif DSAYRAiA S
reached. ﬁﬁgpase Il trial is perforned to determ ne therapeutic efficacy.
Pati ent s 80 UFA" &' o nid Al zheiner's Disease defined using
Al zhei ner' s di sease and Rel ated Disorders Association (ADRDA) criteria for
pr obabl e AD aée selecgﬁg. Sui table patients score in the 12-26 range on
the M ni-Mental StHtedietkehain §siPne of the preseding ¢lpigs. Biereinhumana are t hat
pat i ent singhndgldealiy al@p@H iyt ¢Baih B&uEALAL bPMRe Abei S agile Yic Ad An@g&ion).
conplicating issues such as use of concomtant Tedi cations t hat may
interfere. Baseline evaluations of patient function are made using cl assic
psychonetric as : 3 : MR S, which . i.s a
conprehens{veﬂgcargﬁ?g%§gﬁ§}ﬂ§¥?ﬁgﬁpat|Eﬁ?gg%?%ﬂggéiﬁy eﬂﬁ%gmgmﬁi%%%se
status apkpirf sequenceis. KataeHe 09¥36homet ri ¢ scal es provide a neasure of
progression of the Al zheiner's condition. Suitable qualitative life scales
can also be wused to nonitor treatnent. D sease progression can al so be
moni tored by %Rl . Biedight clirodfi dng onebf thapteeeding daimsatvherein €ha Touhk EIRfiefhrther
i ncl udi ng_ass of . 1 mmu en-specifi.c _antibadi es and T-cel|s responses.
10 Fol | oWy BLadrh e TSR S dere SRmeBRTSS BT NPEEERs FHyFEPexeTiont |
They ar eresidne sruzetitadidith heairegondisdainbheid rth@ieaReAE EEmBEYE Viridle hacebo in
a inndegmﬂJ%%P&gg. Patients are nonitored at | east every six nonths.
Efficacy 1s ermned by a significant reduction in progression of a
treatment group relative to a placebo group. A second phase Il trial is

performed to F(yal uﬁ;eelig%?&ya?r{ 3 c?e{}mcg, VJ?lg'rteine teéermline variable light chain sequence is

A3 or Al9.

_ 11. The light chain of claim 9 or 10, wherein the rare framework residue of the light
chain is selected based on occurrence at that position in less than 10% of human light chain

variable region sequences in the light chain variable region subgroup.

12. A humanized immunoglobulin heavy chain comprising (i) at least one variable
region complementarity determining region (CDR) from the 12B4 immunoglobulin heavy chain
variable region sequence set forth as SEQ ID NO:4, and (ii) a variable framework region from a
human acceptor immunoglobulin heavy chain sequence, wherein the heavy chain comprises

(a) at least one substitution of a canonical frarhework residue,

(b) at least one substitution of an interchain packing framework residue,

(c) at least one substitution of a vernier zone framework residue, or

(d) at least one substitution of a rare residue;
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15 fromnon-Al zheiner's Di sease early nenory | oss, sonetines referred to as
age- associated nenory inpairnent (AAM) or mld cognitive inpairnent

(MCl), to probable Al zheinmer's disease as defined as by ADRDA criteria.
Patients with high risk for conversion to Al zheiner's Di sease are sel ected
froma non-clinical population by screening reference popul ations for
early signs of nenory loss or other difficulties 20 associated with

pre- Al zheimer's synptonmatol ogy, a famly history of Al zheiner's D sease,
genetic risk factors, age, sex, and other features found to predict

hi gh-risk for 'Alzheiner's D sease. Baseline scores on suitable netrics

i ncluding the MMGE and the ADAS together with other netrics designed to
eval uate a nore normal population are collected. These patient popul ations
are divided i it o 25. conmpari son again 05|ng
al ternatives \Lv}n&e?ﬂﬁtﬂkeﬁg%gﬁ%rnq eg\éﬁ%}%{) ?éelﬁ DOPU Cldtresgﬁ © tlé?rg%ef’g?qs%

i nt er val keavy clalowriablexegromsdysencand t he endpoint for each patient is V\/net her
or not he or she converts to probable Al zheiner's D sease as defined by
ADRDA criteria at the end of the observation. Al though the foregoing

i nventi on hasteeﬁHﬂexswyl dheiet of Blagietla) whereih tR0vPMEPRRRE FraRbwhbikatdidig 19f
it wll be obvio that certain nodifications may be

understan

pract i cest‘]’ eﬁiﬁoﬁl ?ﬁ@%&ﬁ?lﬁ’fﬂg@@%ﬁ%%"é’dPW&P%USﬂﬁﬁbapembfmgl ons and
patent caeerA.Ss cited herein, as well as text appearing in the figures
and sequence listing, are 87 her eby incorporated by reference in their
entirety for all purposes to the same extent as if each were so

i ndi vidual I'y @enotmgd hefmﬁhﬁxhﬁ cfa%?g%ﬁ@mh ev\d,au)mpzﬁ ﬂ%ﬂl%w ﬁ{'resuiue uc 1S s%ec?ed

i nvention provides for & nunber of uses or exanple, e inv

provi desfrem the greunieamsigingefy 2, H2RsHAHHAS0H7 £snd H94 (:Kzﬂdat mle&laenmbedwamm@ in
the treatnment, prophylaxis or diagnosis of anyloi dogenic disease, or in the
manufact ure of a nedi cament or di agnostic conposition for use in the .sane.
88 CLAI M5 1. 1&. huriwilzag dhaimnf@gtﬁmbaj \klhieréihgﬂfftcaﬁbmbzﬂ flaaiEpoliSiesigudik keledted €ast

one vari on c et g| on (CDR) fromthe 12B4
i mmunog| o(f)mu;%llJe gp?ﬁnﬁé %’?Zbﬁ% ?"@gﬁéﬂb{ag TG FORVERtE)-as SEQ | D
NG 2, and (i) avarlablefraneworkreglonfroma
16.  The heavy chain of claim 12, wherein the interchain packing framework residue is
selected from the group consisting of H37, H39, H45, H47, H91, H93 and H103 (Kabat

numbering convention).

17. The heavy chain of any one of claims 12-16, which comprises two
complementarity determining regions (CDRs) from the 12B4 immunoglobulin heavy chain

variable region sequence.

18. The heavy chain of any one of claims 12-16, which comprises three

complementarity determining regions (CDRs) from the 12B4 immunoglobulin heavy chain

variable region sequence.

19. The heavy chain of any one of claims 12-18, which comprises

(a) a substitution of the H24, H27, H29 and H71 canonical framework residues
(Kabat numbering convention), and

(b) a substitution of the H2, H48, H49, H67 and H78 vernier zone framework residues
(Kabat numbering convention);
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human acceptor i mmunogl obulin Iight chain sequence, wherein the |ight chain
conprises (a) at |east one substitution of a canonical framework residue,
(b) at |east one substitution of an interchain packing residue, (c) at

| east one substitution of a vernier zone framework residue, or (d) at

| east one substitution of a rare residue; wherein the substitution is with
the corresponding am no acid residue fromthe nouse 12B4 |ight chain

vari abl e regi on sequence. 2. The light chain of claiml1, wherein the
canoni cal framework residue is selected fromthe group consisting of L2,
L43, L64 and L71 (Kabat nunbering convention). 3. The light chain of claim
2, wherein the canonical franmework residue is L2 (Kabat nunbering
convention). 4. The light chain of claim1l, wherein the interchain packing
framewor k r eswhitein] the substivtbeid Wittoir tdreesporiny GONG6 h&iH rgiue frok3Be mod® L44,
L46, L87h§£§ L 98 (Kabat Punberln convention). 5. The light chain of any
one of t heaX L Eiay Y aieRle e ORFRIBFNE AR i ses two  conpl enentarity

det er mi ni ng r @BireIAShe(reRBRNerd JTRHB KeAGy didBis HFrAREhAPMh thokidBlitn. chai n

variabl e region sequence. 89 6. The light chain of any one of the preceding
claims, which conprises three conplenentarity determ ning regions (CDRs)

from the 12B4y, mnm%gﬁxgbéﬁlainrbflahggﬁe &Q@hﬂf 17351 @0l &nrh%glla.ﬁﬂnﬁﬁr%é?&ﬁﬁn 7. The

l'ight chain of any one o6f the preceding clalns, erein

i munogl adsaptonheary. eimiroseqnénghis aftiag f’r\lbw@qlﬂe(ﬁi@batlcsnvﬁntlbm)e subt ype kappa ||
(Kabat convention). 8. The light chain of claim7, wherein the human
acceptor i munogl obulin Iight chain sequence is Kabat | D 005036. 9. The
| i ght chain o2l. anyTT@ﬂeavyfclmime)fpiaméoédi wigereih alienlsymanteecepitar ilnhmndgdl ghullin Gibaiyn
further rlses Al e substitutio rk residue,

hhororn R aRR At 88 HonE eRMRRbA W B B I B 33 GRUBAR AR oo

am no aciNd. AAEBGI(ME, fnrdoGerdagentdessien MarAabbeglle ght chai n sequence. 10. The
light chain of claim9, wherein the gernmine variable |ight chain sequence
is A3 or Al9. '

22.  The heavy chain of any one of claims 12-21, wherein the heavy chain further

comprises at least one substitution of a rare framework residue, wherein the rare framework
residue is substituted with a corresponding amino acid residue from a germline variable heavy

chain sequence.

23.  The heavy chain of claim 22, wherein the germline variable heavy chain sequence

is VH4-39 or VH2-5.

24. The heavy chain of claim 22 or 23, wherein the rare framework rgsidue of the
heavy chain is selected based on occurrence at that position in less than 10% of human heavy

chain variable region sequences in the heavy chain variable region subgroup.

- 25, Ahumanized immunoglobulin which specifically binds to beta amyloid peptide |
(AB), comprising the light chain of any one of claims 1-11, and the heavy chain of any one of

. .. . g f
claims 12-24, or an antigen-binding fragment of said immunoglobulin.

26.  The humanized immunoglobulin or antigen-binding fragment of claim 25, which

specifically binds to beta amyloid peptide (AB) with a binding affinity of at least 10" M-,
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11. The light chain of claim9 or 10, wherein the rare franmework residue of
the light chain is selected based on occurrence at that position in |ess
than 10% of human |ight chain variable region sequences in the light chain
vari abl e regi on subgroup. 12. A humani zed i nmunogl obul i n heavy chain
conprising (i) at least one variable region conplenentarity determning
region (CDR) fromthe 12B4 i nmunogl obulin heavy chain variable region
sequence set forth as SEQID NGO 4, and (ii) a variable franework regi on
froma human acceptor imrunogl obulin heavy chain sequence, wherein the
heavy chain conprises (a) at |east one substitution of a canonical
framework residue, (b) at |east one substitution of an interchain packing

f ramewor k resé ue, . (,c) at | east Ongaubstitution.of a vernier zone
framework res due,ﬂl?rh“%‘lﬁnzﬁ‘il IugLRGelQPHen SUHEEER-Gindie fement of ckaimesi due; 90
wher ei n %&eﬁ&b@ﬁ&rﬁﬂﬁie@ﬂnﬁrﬁmb%@btﬂm&Qﬁ@é&'ﬁ@iﬁkﬁn@ﬁh@ﬁerﬁ‘@#&iﬁc@ﬂ gings fofem t he
nouse 12B4 ~heavy chain variable region sequence. 13. The heavy chain of

cl ai m 12amylpisknepide (dd) et ipdipg alinfty ghetersk1¢°di'due is sel ected fromthe
group consisting of H2, H48, H49, H67 and H78 (Kabat nunbering

convention). 14. The heavy chain of claim 12, wherein the canonical
framewor k res?8ue Tle Imelaezee tnminaobulie ogamigen-ddiigStdgh@nodf kb 25H26, H27,
H29, H71_and. H94, ( Kabat, .nunber, ng. conventi.on).. .15. The y. chai n of

Cl o m 12O B hE A RRPC P P PRk PRt R et Sotee Ly e he
group comsyisid pegued (AB4vithbindin 8fang oFfiledsKad?al-nunber i ng convention). 16.
The heavy chain of claim 12, wherein the interchain packing framework
residue is selected fromthe group consisting of H37, H39, H45, H47, HO1,
Ho3 and HIOS fdCabatne fiihBks RmGANGERLh 8Pdonigh L oinkile DAL GRALA BT WARY One
of clainms 12-16, which conprises two conp nentarrty‘ﬁ%ternlnlng'reglons
(CDRs) f biods it Bibl¢ bewiaroplostpeptide (Ad0wyd egmegutedvB.i abl e regi on sequence.
18. The heavy chain of any one of claims 12-16, which conprises three
conplenmentarity determ ning regions (CDRs) fromthe 12B4 i nmunogl obul in

heavy chain 3a@ri diechunegized imaoueidtalin bPantibe bhrias/rahrhiofefaiany, one of

clainms 12-18 i C rise
wherein the so(ixtlole 8&? amylo?d peptide (AB) is disaggregated Ap.

31. The humanized immunoglobulin or antigen-binding fragment of any one of

claims 25-30, which mediates phagocytosis of beta amyloid peptide (Ap).

32. The humanized immunoglobulin or antigen-bindihg fragment of any one of

claims 25-31, which crosses the blood-brain barrier in a subject.

33. The humanized immunoglobulin or antigen-binding fragment of any one of
claims 25-32, which reduces both beta amyloid peptide (AB) burden and neuritic dystrophy in a

subject.

34. The humanized immunoglobulin or antigen-binding fragment of any one of

claims 25-33, wherein the fragment is a Fab or Fab’2 fragment.

35. A pharmaceutical composition comprising the humanized immunoglobulin or
antigen-binding fragment of any of claims 25-34 and a pharmaceutical carrier.
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(a) a substitution of the H24, H27, H29 and H71 canonical franmework

resi dues (Kabat nunbering convention), and (b) a substitution of the H2,
H48, HA4A9, H67 and H78 vernier zone framework residues (Kabat nunbering
convention); 91 wherein, the substitution is with the correspondi ng am no
acid residue fromthe nouse 12B4 heavy chain variabl e regi on sequence, and
wherein the renmai nder of the heavy chain is froma hunman i mmunogl obulin.

20. The heavy chain of any one of clains 12-19, wherein hunan

i mrunogl obulin acceptor heavy chain sequence is of the subtype Il (Kabat
convention). 21. The heavy chain of claim 20, wherein the human accept or

i mmunogl obul i n heavy chain sequence is selected fromthe group consisting
of Kabat 1D 000333, Genbank Accession No. AAB35009, and Genbank Accession
No. AAD53816.5,22. T vy chain of. any one clainms 12-21, wherein the
heavy chain £ort herl&?cgrg SXH % lhflmf"%é C{%BWE’% LR prAnngen-Bndine fpgment of
framevvordnyroespﬂdexmsme?rSeuomethdfremmaﬂcmameMbi@_ residue is substituted with
a corresponding am no acid residue froma germine variable heavy chain
~sequence. 23. The heavy chain of claim?22, wherein the gernline vari abl e
heavy chai n sequende huindnidim3iBurdglo¥iln or a.n%@en i8inB eRWhe ARy Blc & ?iuq%

or \r%o%éa{?n t he rare framewor k residue of the Hheavy chain i's se

based o) F P58 299950 posi tion in | ess than 10% of human heavy chal n
variabl e region sequences in the heavy chain variable region subgroup. 25.
A humani zed i_mmunaogl obulin which specifically binds to beta anyl oid peptide
(AD), conpriStng t P@@‘P%Fedclﬁmnﬁlorg? obyhy ovansiger biotiag Mwgherdtlof aanond dfeldiaavy
chai n ofpsaqy di fra mant af said
Iunogl b e P e A n B o s Py e ngon o

f r agnentansifeetivg doszms of Wi immuneglobiin erdntigerbbindisg frogherdta arryl oid pept| de
(A13) with a binding affinity of at least 10' M 92 27. The humani zed

i mrunogl obul in or antigen-binding fragnent of claim25, wherein the :
humani zed i miﬁnogITbbthnnnimd izmpinge lobblimdi angjigérr bigdinp fragmest dfiaspbleyorRialds t o

bet a a'%' 'CE' i%r Qfe% 'pg:%ex(tﬁ{g?’c)r tl%ﬁatgnh ﬁlzgequlr lesggs]; iinnzii Itagfueg{ byaédrrlugl%ggno]ﬁ%% anM

effective dosage of the immunoglobulin or antigen binding fragment.

40, The humanized immunoglobulin or antigen binding fragment of claim 38 or 39,

wherein the effective dosage is 1 mg/kg body weight.

41. The humanized 1mmunoglobulm or antigen binding fragment of claim 38 or 39,

wherein the effective dosage is 10 mg/kg body weight.

42. Use of a humanized immunoglobulin of any one of claims 25-37 in the
manufacture of a medicament fo the prevention or treatment of an amyloidogenic disease in a

patient.

43, Use of a humanized imxhunoglobulin of any one of claims 25-37 in the

manufacture of a medicament for the prevention or treatment of Alzheimer’s disease in a patient.

44, An 1solated nucleic acid molecule encoding the light chain of any one of claims 1-

11.
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28. The humani zed i mmunogl obulin or antigen-binding fragment of claim 25,
wherei n the humani zed i munogl obul i n or anti gen-binding fragnent
specifically binds to beta anyloid peptide (AR) with a binding affinity of
at least 109 M1. 29. The humani zed i nmunogl obul i n or anti gen-bi ndi ng
fragnment of claim25, which binds to both soluble beta anyloid peptide
(AP) and aggregated A. 30. The humani zed i munogl obul i n or anti gen-bi ndi ng
fragnent of claim 29, wherein the soluble beta amyloid peptide (AR) is

di saggregated A. 31. The humani zed i mmunogl obul in or anti gen-bi ndi ng
fragnent of any one of clains 25-30, which nedi ates phagocytosis of beta
anyl oid peptide (A(3). 32. The humani zed i mmunogl obul i n or anti gen-bi ndi ng
fragnent of any ong _q cl ai 25-31 ich crosses the bl ood-brain barrier
in a subject. %3. %e‘g%ad‘?fla%‘%%eé%ia‘i‘?‘rﬁl?ﬁ%\éﬂc?ﬂﬁﬂquﬁ '8f heavyichein-ob rndinef tlamgment
of any one-2#f clains 25-32, which reduces both beta anyloid peptide (A(3)
burden and neuritic dystrophy in a subject. 34. The humani zed

i mrunogl obul in or antigen-binding fragnent of any one of clains 25-33,
wherein the faagnentvet®dr o hEahcidic bEaSHERM e FR1aik N2 ERCEUt i cal
conposi tion conprising the humani zed i munogl obul 1 n or "anti'gen-bi ndi ng
fragnment of any of clains 25-34 and a pharmaceutical carrier. 93 36. A- kit
conpri sing the7humary i i.0: Of.. Lgen-bi.ndi ng fragment of any
one of clains 25-35QF§§§FE§$B§§?%9?#§¥@SECF@ﬁ§e$%E°§%%F“§V¥4?he humani zed

i mmunogl obulin or antigen binding fragnment of any one of clains 25-36 for
use as a nedi ganent,. ized i nogJ) obul i n or antigen bi ndi ng
fragnent of aﬁg On%ﬂg%ﬁgpgﬁﬁgﬁﬂgg_ 7 8F OB, “preventing or treating an
anyl oi dogeni ¢ disease in a patient by admnistration of an effective
dosage of the, ,mmunagl obulin or.anti.gen binding fragnment. 39. The hunani zed
i munog! obul i ﬁb'or an ?tg%djno%’lr%‘g’icﬁ’& afnrlg’&f’r@ﬂ%loWllnaﬂﬁffr%nbﬁ?etﬁpéicmpﬁ@@% 38 for
use in preweiigithghat cetllrce”ataiixﬂgﬂblrZLBefhﬂ@rcbﬁdidérﬁ%ﬁ&?thhﬂh@in%fxﬁo%ﬁbtbufy or

adm ni stration.of gn effective dosage of the inmunoglobul 1 or antigen
bi ndi ng FPEGREAT ngﬁf.ed?ﬂ 154 HB%FQEH‘WHWR%‘%EUWW@K frant thgbest bélhati ng
fragnent caturel ai m 38 or 39, wherein the effective dosage is 1 ng/kg body
wei ght . '

50. A non-human transgenic animal expressing a polypeptide encoded by the nucleic

acid molecule of claim 44 or 45.

- 51. The non-human transgenic animal of claim 50, wherein the polypeptide is

expressed in the milk of said animal.

52. An isolated immunoglobﬁlin or antigen-binding ﬁagment thereof, which
specifically binds beta amyloid peptide (AP) with a binding affinity of at least 10’ M1,
comprising a light chain comprising at least one variable region complementarity determining
region (CDR) from the immunoglobulin light chain variable region sequence set forth as SEQ ID
NO:6 and a light chain variable region framework from a human immunoglobulin light chain,
wherein the light chain variable region framework has at least 70% sequencé identity to the light

chain variable framework sequence set forth in SEQ ID'NO:6.
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41. The humani zed i nmunogl obulin or antigen binding -fragnent of claim 38 or
39, wherein the effective dosage is 10 ng/ kg body weight. 42. Use of a
humani zed i nmunogl obul i n of any one of clainms 25-37 in the manufacture of
a nedi canent for the prevention or treatnent of an anyl oi dogenic disease in
a patient. 43. Use of a humani zed i mmunogl obulin of any one of clains
25-37 in the mnufacture of a nedicanent for the prevention or treatnent
of Alzheimer's disease in a patient. 44. An isolated nucleic acid nolecule
encoding the light chain of any one of clains | 94 45. An isolated nucleic
acid nol ecul e encodi ng the heavy chain of any one of clains 12-24. 46. A
vector conprising the nucleic acid nolecule of claim44 or 45. 47. A host
cell conprising the nucleic acid nolecule of claim44 or 45. 48. A host
cell conprisify th&heieoharogbulih ai amtidén-bifiding ArapRehtad cRim BD OMkEGEiA theAlbht
i mmunog| Q ulin ﬁr fra rrent gﬂgﬁreof cgﬂ@rl Si ng culturi n? the host cell of -
claim47°€ "an edrégloﬁ ﬁH’ieiNl sELIERst PRAeTYaCS ARG & BB thtthain varighlg nent
i's produtacheabtk de§@dnad s GordRinGEQUIIINOH obul in or fragment from the host
cell or culture. 50. A non-hunman transgeni ¢ ani mal expressing a
pol ypepti de encoded by the nucleic acid nolecule of claim44 or 45. 51.
The non-human transgeni ¢ animal of claimb50, wherein the pol ypeptide is
expressed in the nThddmﬁm@glo@uEmbﬂmhigerﬁﬂlndlAg fiag M@t dlal I NAIE QR Wei 1pnor
antigenbndl L gl theeq &) seC|f|caII¥b|nds beta anyl oi d
peptide { er§ 87 8%6’03? 3 Al ]teﬁ'ﬁt /"a?f’ Yeagsidentsy tavihg hiehtehmpragitiy a
| i ght Ch&memfmS’eq&nlgsa'ﬂforﬂﬂﬂfﬂEQ)mN’O%.| abl e region conplenentarity
determ ning region (CDR) fromthe imunogl obulin [ight chain variable
regi on sequence set forth as SEQID NO6 and a |light chain variable region
framewor k from a human i mmunogl obulin |ight chain, wherein the Iight chain
vari abl e regi 6f fr Eneivoninogldulin of #vigtn-Fideng égpenaariateold dfld@s $1164 | i ght
chain var yence set forth in SEQ ID NO 6. 95 53. The
i mrunog| O%I%P Jlsei\n%‘{qu‘r%w le%%{g I A ?%W %}F"%P&gﬁ?gs%!\%g@@bﬁwnme li ght
antibody light chain vanable reglon sequence set forth as SEQ ID NO:6.

56. The isolated immunoglobulin or antigen-binding fragment of any one of claims
52-54, comprising three light chain complementarity determining regions (CDRs) from the

antibody light chain variable region sequence set forth as SEQ ID NO:6.

57. An isolated immunoglobulin or antigen-binding fragment thereof, which
'speciﬁcally binds beta amyloid peptide (AB) with a binding affinity of at least 10’ M'l,
comprising a heavy chain comprising at least one variable region complementarity determining .
region (CDR) from the immunoglobulin heavy chain variable region sequence set forth as SEQ
ID NO:8 and a heavy chain variable region framework sequence from a human immunoglobulin
heavy chain, wherein the heavy chain variable region framework has at least 70% sequence

identity to the heavy chain variable framework sequence set forth in SEQ ID NO:8.

58. The 1solated immunoglobulin or antigen-binding fragment of claim 57, wherein
the heavy chain variable region framework has at least 80% identity to the heavy chain variable

framework sequence set forth in SEQ ID NO:8.
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chain variable region franework has at | east 80% sequence identity to the
light chain variable framework sequence set forth in SEQ ID NO 6. 54. The
i mrunogl obul in or antigen-binding fragnent of claimb52, wherein the |ight
chain variable region franework has at |east 90% sequence identity to the
light chain variable framework sequence set forth in SEQ ID NO 6. 55. The
i mmunogl obul i n or antigen-binding fragment of any one of clains 52-54,
conprising at least two |ight chain conplenentarity determ ning regions
(CDRs) fromthe antibody |ight chain variable regi on sequence set forth as
SEQ I D NO 6. 56. The isol ated i munogl obulin or antigen-binding fragnment of
any one of clainms 52-54, conprising three light chain conplenentarity
determ ning regionsg, (! fromthe . antibody. ljighf chain variable region
sequence set ? %rth%}ée'(sgggsé)jfW%&"%‘?.Or/&Pl“%e§311%‘t“g%}r?%§ﬁ8§@@§uﬂﬁVbGFCm

ant i gen- eridhngcHairagmiabie rédiet fahewsvina$ar 1653€90% i &lilyo Mlsy bata, amsbei d
pepti de gréﬁ) wi.t h a bi ndi nrﬁjelggﬁ(ﬁptel\é of at |east 10';’ M', conprising a
heavy ch&PHCR8HFRSRAGSAL - (4% abl e region conpl enentarity
determining. region (CDR) fromthe i munogl obulin heavy chain variabl e
regi on sequence set forth as SEQ ID NO 8 and a heavy chain variabl e region

framewor k sequgencef r: hunan i nogl obul i.n . heavy chajn, wherein the

heavy chain vggi abptégl(r%e%%%h rar l%}ﬁﬂo ARugep-Yinding raggagnt einnynne of plgerst i t v

to the héawby, cngirningar leadilteo heaammnkom@w@nﬁags@&er{n%@remé@@f%% 8.
in Imen claimb5b7,

58. The i,sol at ed .i munogl obulin or antigen-bjn fragnent o

wher ei n ﬂfehaél%ﬁ%cg'\}ﬁfa@f'n&aﬂ’ WL%BT%‘W ?@F%eﬁ?téﬂ’é@\ﬁ&@@% 8] east 80%
identity to the heavy chain variable framework sequence set forth in SEQ
ID NO 8. 96 59. The isol ated i mmunogl obulin or antigen-binding fragnment of
claim57, whegein : hai ariable regjl.on. framework has at | east
90% i dentity ?g th}raf’ g‘z’i@‘?ﬁéﬁ’é’ﬁ?@%‘ﬁ B9F atigepsh frasmeat ehany oseef ¢laimsh i n
SEQ | D NO789, @mprifing thrsohatve dhainmmompiginedxdtityietimaitd @80ndidIsR ) Gold @gnent  of
any one g{ltib%ldghgasvcg?- %9. K orregri Si ng at | east two heavy chain _

conpl ementarity  aet et ﬁﬁ‘%gﬂetﬂl&ﬁ% PEIE 1T REQ BENGRR | body heavy chai n
vari abl e regi on sequence set forth as SEQID NO 8. 61. The isol ated

i mrunogl obul in or antigen-binding fragnent of any one of clainms 57-59,

conprising thgee hegyivo1eladiRmeREIROIRTRJE X vHeh & ARl F £9i ans. ( CDRS) |
fromthe _anti body hea?/y chai n vari able rtéqté%{gﬁ%g qﬂ]uae?rrﬂzeélgosf{aaflgfc’{}? PE&%’SSEQ | D
NO 8. 52-61, wherein the immunoglobulin is a humanized immunoglobulin.

63. A humanized immunoglobulin which specifically binds amyloid beta (Ap)
peptide comprising a light chain comprising a variable region comprising at least one.
complementarity determining region (CDR) from the 12B4 immunoglobulin light chain variable
region sequence set forth as SEQ ID NO:2, and comprising variable framework regions from a
human acceptor immunoglobulin light chain sequence, wherein the variable region shares at least

95% sequence identity with the 12B4 immunoglobulin light chain variable region sequence set
forth as SEQ ID NO:2.

64, The humanized immunoglobulin of claim 63, wherein the variable region shéres
at least 98% sequence identity'with the 12B4 immunoglobulin light chain variable region
sequence set forth as SEQ ID NO:2,
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62. The isol ated i nmunogl obulin or antigen-binding fragnent of any one of
clainms 52-61, wherein the i munoglobulin is a humani zed i munogl obul i n.
63. A humani zed i mmunogl obul i n whi ch specifically binds amyloid beta (A(3)
pepti de conprising a light chain conprising a variable region conprising at
| east one conplenmentarity determning region (CDR) fromthe 12B4
i mmunogl obulin light chain variable region sequence set forth as SEQ ID
NO 2, and conprising variable franework regions froma human acceptor
i mmunogl obulin light chain sequence, wherein the variable region shares at
| east 95% sequence identity with the 12B4 i mmunogl obulin |ight chain
vari abl e regi on sequence set forth as SEQID NO 2. 64. The humani zed
i mrunogl obulin of claim63, wherein the variable region shares at |east
98% sequence |dent|ty with the 12B4 i mmunogl obulin |ight chain variable
regi on seque%e sétilugazad Hrmuslqoplingshh Speeifsslly Rind§ amloxbeeta (AB)
i mrunog! gkydldie rao \P{Ehﬁihg 8 ekt cfhbl%%bhﬁﬁnghé‘g%ﬁdﬂ% r@gﬂn BEhBr{iAL MieasPER | d
conpr|5|ng a t chain conprisin vari abl € regi on conprising. at
| east - oneomnlewsméﬁ’efrﬁemtryn@@g@ﬂ &Cg?Ran fomehs b%Bd( ‘amRynoEtabiiiR Heht than variable
i mrunogl ] | D
R R e R L
i mrunogl th@ulPBﬁ 1mrrgmpeleh@1m1hghapliwarbwmabk@g¢mn seelqm@n@et fomh af DEQ BD AO:BEQ | D
NGO 6. 66. The humani zed i mmunogl obul in of any one of clains 63-65, which
binds to an epitope within residues 3-7 of Al 98

66. The humanized immunoglobulin of any one of claims 63-65, which binds to an

epitope within residues 3-7 of AB.
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