ANTIBODIES SPECIFIC FOR THE PROTOFIBRIL FORM OF BETA-AMYLOID PROTEIN
CROSS-REFERENCE TO RELATED APPLICATIONS This application claims priority to provisional
patent 5 applications: 60/988,481 filed November 16, 2007; and 61/019,747 filed January 8, 2008, the
contents of which are incorporated by reference. FIELD OF THE INVENTION The present invention
relates to isolated antibodies 10 that interact specifically with conformational epitopes of a protofibril
form of human beta-amyloid peptide. These antibodies show minimal or no detectable affinity towards
lower molecular weight forms of beta-amyloid peptide. The antibodies disclosed herein will be useful in
the diagnosis, 15 treatment and/or prevention of beta-amyloid plague deposition associated with the
onset and progression of Alzheimer's disease. BACKGROUND OF THE INVENTION Beta-Amyloid

(AP) peptides agg thaught to bera 20causative; agenb fer-Alzheimers.disease ¢ AR through the

formation of insoluble AP peptide fibrils and depgsi f these fibrils to form amyloid plaques. The

formation of such plaques within the area of the brain critical for memory and other cognitive functions
is thought to leadde 25 dementia associatednwith thisidisease{see Selkoe, 1994, J. Neuropathol. Exp.
Neurol. 53:438-447). Beta-Amyloid peptides comprise a group of peptides 39-43 amino acids long that

are proteolytically prodessedifrorhcamifoid precursorprotein {APP) phy bbth ¢hsbcretasetand
7-secretasg at the 1aming-ard cagoxdderminus; respectivelyfhere are at leagtfive distinct isoforms
of APP: 563, 693, /Hé’, 731, and 770.amino acg'zo!s igalgggthdhrgsgectively (see Wirak et al.,

January ontents oi which are

incorporated by reference.

FIELD OF THE INVENTION

The present invention relates to isolated antibodies

10 that interact specifically with conformational epitopeas of a
protefibril form o©f human beta-amyloid peptide. These
antibodies show minimal or no detectable affinity towards
lower moliecular weight forms of beta-amyloid peptide, The
antibodies disclosed herein will be useful in the diagnosis,

15 treatment and/oxr prevention of beta-amyloid plague
deposition assoclated with the onset and progression of

Alzheimer's disease.

BACKGROUND COF THE INVENTION

Beta-Amyloid (AP) peptides are <thought to be a

20 causative agent for Alzheimer's disease (“AD”) through the
formation of insoluble AP peptide fibrils and deposition of
these fibrils to form amylceid plagues. The formation of
such plagues within the area of the brain critical for
memory and other cognitive functicns 1s thought to lead to

25 dementia associated with this disease (see Selkoe, 1994, .J.
Neuropathol. Exp. Neurol. 53:438-447). Beta-Amyloid
peptides comprise a group of peptides 329-43 amino acids long
that are proteolytically processed from amyloid precursor

protein (APP), by both P-secretase and fY-secretase at the



1991 Science 253:323). These isoforms of APP are generated 5 by alternative splicing of primary
transcripts of the APP gene. Numerous missense mutations have been identified in APP infamilies
with autosomal dominant early-onset Alzheimer's disease.Some mutations cluster near the secretase
cleavage sites and affect APP metabolism either by 10 increasing the production or the proportion of
Ap forms (e.g., AND, which tends to be more fibrillogenic and to aggregate faster than other forms.
Neuronal toxicity may reside in the large molecular weight fibrils which are formed via aggregation of
soluble AP peptides into insoluble 15 fibrils and, subsequently, fibril incorporation into amyloid
plaques. An intermediate fibril form is the protofibril (PF) form, a large molecular weight oligomeric

form of AP peptides which is soluble in vitro and may be isolated as an approximately -670 kDa entity.
Thus, the in vittgofthatidif20°8F PSoIdbleeAD: pEptide ABHRSS theleénd redlif of themitial
oligomerizationet AO pepiideitorfornra striutallycdistinet, selubledugher molecalar wetght protofibril

form. These tra;ﬁegtrpt;%ofg}rilg SstrygtU{gg (f"gg prgg%séog Q@yan;)élo(éd &beriregpongble for cell

dysfunction and neuronal 25 loss in Alzheimer's disease(AD)and other proteln aggregatfion diseases.
Various treatménfs hadeé bieeh forwardéd in a?t]é‘?ﬁﬁtsjtéoﬁr‘é\f/‘éﬁt fHe formatioh GEABYFEtte, for
example, ishibitersdoqrevent the prateolyiis psacassing of APPLAlse; 30simarunotherapy strategies

such as adminisiralion of apui:Ap.anibodies ((ondyce.learance of myloid deppsits) rjmmunization
with Ap peptide antigens (to promote a humoral response) have been enlisted in an attempt to reduce
plaque size ana &)ens&? families with  autosomal  dominant early-onset

Alzheimer’s disease. Some mutations cluster near the
secretase cleavage sites and affect APP metabolism either by
10 increasing the production or the proportion of AR forms
{e.g., APsz), which tends to be more fibrillogenic and to
aggregate faster than other £forms. Neuronal toxicity may
reside 1n the large molecular weight fibrils which are
formed via aggregation of soluble AR peptides into inscluble
15 fibrils and, subsequently, f£ibril incorporation into amyloid
plagues. An intermediate £ibril form is the protofibril
(PF) form, a large molecular weight oligomeric form of 2B
peptides which is socluble in vitro and may be isclated as an
approximately ~670 kDa entity. Thus, the in vitro formation
20 of insoluble AR peptide fibrils is the end result of the
initial oligomerization of AP peptide to form a structurally
distinct, scluble higher molecular weight protofibril form.
These transient protofibrils structures are precursor to the
amyloid fibers responsible for cell dysfunction and neuronal
25 loss in  Alzheimer's disease (AD) and other protein
aggregation diseases.

Various treatments have been forwarded in attempis to
prevent the formation of AP peptide, for example, inhibitors
tec  prevent the proteolytlc processing of APP. Also,

30 immunotherapy strategies such as administration of anti-Ap
antibodies (to induce clearance c¢f amyloid deposits) or

immunization with AR peptide antigens (to promote a humoral



U.S. Patent No. 7,179,463, issued to Lannfelt et al., discloses a method of treating Alzheimer's
disease by 5 administering an antibody raised against a protofibril consisting of the Arctic mutation
within the Ap peptide coding region. No exemplification of raised antibodies are presented in the
specification and no comparison as to affinity for low molecular weight forms of AS peptide are 10
presented. U.S. Patent Nos 6,761,888 and 6,750,324, issued to Schenk et al., disclose a series of
antibodies which recognize various epitopes along the amino acid sequence of A1342. Antibodies
specific for the N-terminus and mid-regions 15 of AS42 showed efficacy in reducing plaque both ex
vivo and in vivo. Despite current knowledge in the field of treating and preventing Alzheimer's
disease, there remains a need for an improved compositions and methods of treating and/or 20

preventing this‘di§B38& ¢ ThetEmpésitioRs ant firethBd$df tHe predertinvERtiGH atid?éss and meet
these needs by tlisclesingdantidagies specific for protofibrillar forms of Ap peptide while showing

minimal detectable affinity a:,%gjggglowomolﬁ%u@[ X\éej'ghtifgg@édofgge AS heptide. 25 gﬂg{rmaoeutically

effective compositions comprising such an antibody or antibodies will be useful in treating and/or

preventing betd-5ifyfid Hlague Bepdsitior? knownS-be BssoEEted™iith the Shset hd progression of
Alzheimer's diseasen 30 SUMMARY Ol THEINVENTION agihedaresent jnvendioibeelates to an

isolated antibody hat shgws specific. binding;to a,conformationaliepjtope of 3 profofifil form of

P-amyloid peptide. The monomer of wild 5 type beta-amyloid (AP) peptide is known in the art and is
shown herein &$EW IBNET: Thé fsotdtPantib6aies sf the preséftimehtiori&de affnity for such a
repeated confosmationalepiiope fakthe targer imetecular sveightc  protplibriktorm of thecAP peptide

while showing mipimal.gr 10 no affinify.for qiher farms of AR peptide . sych as mapemet or dimer forms

of AP peptide. The present invention also relates to an isolated antibody that specifically interacts with
and show%oa presented.
J.5. Patent Nos 6,761,888 and 6,750,324, issued to

Schenk et al., disclose a series of antibodies which
recognize varlous epitopes along the amino aclid seguence of
AB4z. Antibodies specific for the N-terminus and mid-regions

15 of APRs; showed efficacy in reducing plague both ex vive and
in vive.

Despite current knowledge in the field of treating and
preventing Alzheimer’s disease, there remains a need for an
improved compositions and methods of treating and/or

20  preventing this disease. The compoesitions and methods of
the present invention address and meet these needs by
disclosing antibodies specific for protofibrillar forms of
AR peptide while showing minimal detectable affinity against
low molecular welght forms of the AR peptide.

25 Pharmaceutically effective compositions comprising such an
antibody or antibodies will be useful 1in treating and/or
preventing beta-amylocid plague deposition krnown to be
associated with the onset and progression of Alzheimer’s

disease,

30



measurable affinity to a conformational epitope of a 15 protofibril form of AP peptide, whereby the
protofibril epitope is represented by an exposed region of a AP- protofibril form comprising the amino
terminal portion of an exposed portion of the AP peptide. The present invention further relates to an
isolated 20 antibody that specifically interacts and shows a measurable affinity to a conformational
epitope of a brotofibril form of AP peptide, whereby the protofibril epitape is represented by an
exposed region of a AP-protofibril form comprising amino acids I-20 (SEQ ID NO:2) of an exposed 25
portion of the AP peptide. The present invention also relates to an isolated antibody that
specifically interacts and shows a measurable affinity to a conformational epitope of a protofibril form
of AO peptide, whereby the protofibril epitope is 30 represented by an exposed region of a
AP-protofibril foH {ihichCopriddy Biind acids 4-12 and 9-20 (SEQ ID NOS: 3 and 4, respectively)

of an exposed portioghcg t?)(% AP ggpti%% n .'I;) %e present invtecgltioln1 rglat S %n art rggirgo }gclonal
antibodies 1303, 1D1 and 19A§, andlany a finlty matured form 5 of 130 , 81 and 19K6” The present

invention furthéPfdlafdt afiaftibody Which Ainfies thé Rmeraal ‘speeifiGit askifestribed herein for

1303, 191 andJ,9A6 < Ta-this end thepresent inuention alse relates 4o higlggicallyactivefragments
and/or mutants of the 1303, 191, 19A6 or a 10 1303-, 1D1-, or 19A6-like antibody, including but not
necessarily limitédtodrhincaeisdostitftione . i cas!d direetsd fofm Sraffiity maturation of the VH
or 18_ regions}isletionscaddiiens@mino teaminal truncations«and sarboxy:terminal tergncations such
that these mut%t[iloens 13 Qr%yide. a bascis for an antibog}_/.l%r. antibgg% binding portion thactergsults ina

3

similar or improved version of ali}§8§, if)nl 1946 or 1303iKe anti ocfyuﬁflndi%g f)‘r’gt%?n. In one

embodiment of°tHié porach Biahe iRVERHER, theoVH &RE V5-PEGiBR of 183G BoRTprisEs tHE amino acid
sequence as sglotofibril form of the AP peptide while showing minimal or
10 no affinity for other forms of AP peptide, such as monomer
or dimer forms of AR ?eptide.

The present invention also relates to an lisolated
antibody that specifically interacts with and shows a
measurable affinity to a conformational epiltope of a

15  protofibril form of AP peptide, whereby the protofibril
epitope 1is represented by an exposed region of a AR-
protofibril form comprising the amino terminal portion of an
exposed portion of the AP peptide.

The present invention further relates to an isolated

20  antibody that specifically interacts and shows a measurable
affinity to a conformational epitope of a protefibril form
of AB peptide, whereby the protofibril epitope isg
represented by an exposed region of a AP-protofibril form
comprising amino acids 1-20 ({SEQ ID NO:2) of an exposed

25 portion of the AB peptide.

The present invention aiso relates to an isclated
antibody that specifically interacts and shows a measurable
affinity to a conformaticnal epitope of a protofiibril form
of AR peptide, whereby the protofibril epitope is

30 represented by an exposed region of a Af-protofibril form



20 forth in SEQ ID NO: 7 (180 and/or SEQ ID NO:5 (V5), respectively. The present invention
further relates to an isolated nucleic acid molecule comprising a nucleotide sequence which encodes
the VH and/Or 175 regions of a 1303, 1D1 or 19A6 25 antibody; and especially an isolated nucleic
acid molecule (polynucleotide) encoding a biologically relevant portion of 1303, or affinity matured
version or otherwise mutated version of 1303, 1Dl or 19A6 antibody. To this end, one embodiment of
the present invention relates to a nucleic 30 acid molecule which comprises a nucleotide sequence
encoding the VH and 175 region of 130, as set forth in SEQ ID NO:8 (1303: V5 region) and SEQ ID
NO:6(1303: VL region), respectively. The present invention also relates to isolated antibodies 1303,
1D1 or 19A6 as disclosed herein, antibodies 5 that specifically interact and show a measurable affinity
to a conformatidfat 2 pitoperafra protofiteil #6rH of AP peptitle? -2 0 TheE Brdsentifventiéndlso relates to

a hybridoma capahle of.produsing a,monoclonal.antibady of the present §0jpyention. Particular

hybridomas of the present invention include hybridomas which produce exemplified monoclonal

antibodies 1303, 19AB &nPIDItespttifaly™ " ThéPreédent invefltion rélatdS o phltftaceutically
effective compesitionsavhichlcompriselanisolatedsantibody b as tlisclosedand-fuitherreefined herein:

an isolatedsantibody that spegjfically interagts with and shows a measured affinity:-to apd ability to

specifically bind to a repeating conformational epitope of a protofibril form of AP while showing minimal
or no measurabfe-&ffiiity t&fow 20 mtBEGRT Weighitforths SFAP ST hede*BompBEitions fay optionally
comprise one cramote vartigrs; oneeermdrecexeipients, fand/o0B0he drhorechépfiéal derivatives.

The present inygntion.also relates tamethods of treating ap individual afflicted with Alzheimer's
disease active fragments and/or mutants of the 13C3, 1DL, 19225 or a
10 13C3-, 1D1-, or 1%A6-like antibody, including but not
necessarily limited to amino acid substituticons (e.g., as a
directed form of affinity maturation of the Vi or Vi
regions), deletions, additions, amino terminal truncations
and carboxy-terminal truncations such that these nmutations
15 provide a basis for an antibody or antibody binding portion
that results in a sgimlilar or improved wversion of a 13C3,
i1, 1%A6 or 13C3~1like antibody binding protein. In cne
embodiment of this portion of the invention, the Vy and Vq
regicn of 13C3 comprises the amino acld sequence as set
200 forth in SEQ ID NG: 7 {Vg) and/or B3EQ ID NO:3 (V.},
respectively.

The present inventicon further relates to an isclated
nucleic acid melecule comprising a nucleotide seguence which
encodes the Vy and/or Vy, regions of a 13C3, 1Dl or 19A6

25 antibody; and especially an isocolated nucleic acid molecule
{polvnucleotide) encoding a bilolocgically relevant portion of
13C3, or affinity matured version or otherwise mutated
version of 13C3, 1D1 or 19A6 antibody. To this end, one
embodiment o©f the present invention relates to a nucleic

30 acid molecule which comprises a nucleotide seguence encoding

the Vg and V. regicon of 13C, as set forth in SEQ ID NO:8



25 comprising administering to the individual a pharmaceutically effective composition which
comprises an isolated antibody disclosed herein, namely an antibody that specifically interacts and
shows a measured affinity to a repeating conformational epitope of a protofibril form of AP 30 peptide
while showing minimal or no detectable affinity toward lower molecular weight forms of AP
peptide.These methods will provide for a therapeutic intervention so as to reduce the amount of
amyloid deposits in the brain of an individual afflicted with Alzheimer's disease. Particular
embodiments of this portion of the present invention relate to methods of treating an individual afflicted
with 5 Alzheimer's disease comprising administering a pharmaceutically effective composition
formulated with an antibody showing specific affinity (as at least compared to low molecular weight
forms of AP peptide¥ to a'eonfGr#tationalépitope ef alprotdfisrl fofAB6FAP Feptidegiorespecially
whereby the protofiriliepitape is represented by an exposed region of a AP-protofibril form which
comprises amino acids 1-20 (SEQ ID NO:2) of an exposed porti f the AP peptide.Specific
embodiments relating?loe the%gé’etﬁ%?gpeuﬁ%\/;ennd :b?gphyfaic%f)c mé:t%%gse&isclgged ﬁesroe(-i;ﬁ ér%gy 15 utilize
exemplified mote Ftctionalantidddies 11303 619156 LB ¢ L a8 shelhasaifinity matrédaersions of any

such antibady, ehiresseantiiegy, umanized-antibadynbumansanenocienal antiedy,.and/or any other
such antibody form known in the art, including but not limited to the antibody 70 or specific binding

members revieted REFSIA™ AR &idh aftibbdyor sPecific bRTdiRG MaRbder ma§ be Féterfdt to within

this specificatiareas &i¥1.303-like antibody." Thus, a "1303-like antibody" is meant to also encompass

the 1303 monoclonal-antibedy. disclosed herein, 25The presentinvention also relates;tg methods of

screening for and selecting compounds which may actasan
capable Jf producing a mondclonal antibody of the present

10 invention. Particular hybridomas of the present invention
include hybridomas which produce exemplified monoclonal
antibodies 13C3, 18Af and 1D1, respectively.

The present Invention relates t¢ pharmaceutically
effective compositicons which comprise an isolated antibody

15 as disclosed and further defined herein: an isocolated
antibody that specifically interacts with and shows a
measured affinity to and ability to specifically bind to a
repeating conformational epitope cof a protofibril form of AP
while showing minimal or ne nmeasurable affinity to low

20 molecular weight forms of 2AB. Thaese compositions may
optionally comprise one or mwmore carriers, one o©or more
excipilents, and/or one or more chemical derivatives.

The present invention alsc relates to methods of
treating an individual afflicted with Alzheimer's disease

25  comprising administering to the individual a
pharmaceutically effective composition which comprises an
isolated antibody disclosed herein, namely an antibody that
specifically interacts and shows a measured affinity to a
repeating conformational epitope of a protofibril form of AR

30 peptide while showing minimal or no detectable affinity
toward lower molecular weight forms of AR peptide. These

methods will provide for a therapeutic intervention s¢ as to

-6-



inhibitor of fibril and/or senile plaque formation associated with Alzheimer's disease.Such a
methodology =~ comprisesutilizinganantibodywith1303-like 30 characteristics (e.g., specific affinity to
the PF vs. LMW forms of AP peptide) in various antibody/peptide/test compound interaction assays in
order to select a compound which modulates the process of fibril and/or plaque formation. The
present invention further relates to diagnostic assay methods to specifically determine protofibril levels
5 within a subject or patient. Such assays may be carried out by any techniques known and available
to the artisan, including but not limited to Western blots, ELISAs, radioimmunoas
says,mmunohistochemicalassays, immunoprecipitations, or other immunochemical assays known 10
in the art. Thus, one embodiment of this portion of the invention relates to taking a tissue sample from
a subject or pafiBAitafd teterAfiAitiy-thelevBrof PE ARt Sanble tsingta dlagnostiekit and
associated assayawhereby the kiticorprises 8 1803-like antibody sthus=allowing-farthez15 specific
determination of PE AP levels in the tissue sample, The tissue sample for analysis is typically blood,
plasma, serum%jnr%l?gt%a %g%gerggrafgﬁlsnaﬁﬁi’d' ﬁ%moie%ﬁbjgg'? Sﬁ%gtiéﬁy%ttﬁ%neﬁgf i E()aeantibodies of
the present invehtiof 20 Ry bebtill'éd $6F afReastthe follbiiag iises: e asd atsrdphyibetic or
therapeutic agent-teeprevent or reduce plague depositsiasseciated aith Alzheimers disease, either

alone or in conynation.with.any ayailable combination therpy; (2) i designing pepfide immunogens
that may be 25 used to elicit an'e}ffectlve anffbody resgonse in prop%eractlc or therapeufic vaccination
strategies relatfiy t& fréatfiehit ot AlZFEiIHrs dsbase! {3) tPgerdérate asprophiyiactidorttherapeutic
anti-idiotypic antihody {Ab2).mimicking thecryptic spitope(s) thagbind the antipodigg of
conformaticnal epitope cf a preotofibril form of AP peptide,
10 especially whereby the protofibril epitope is represented by

an exposed region of a AP-protofibril form which comprises

amino acids 1-20 (SEQ ID NO:2) of an exposed portion of the

AR peptide. Specific embodiments relating to these
therapeutic and prophylactic methods disclosed herein may

15 uwtilize exemplified mouse monoclonal antibodies 13C3, 19346,
1D1, as well as affinity matured wversions of any such
antibody, chimeric antibody, humanized antibody, human
menoclonal antibkody, and/or any other such antibody form
known in the art, including but neot limited to the antibody

20 or specific binding members reviewed herein. Any such
antibody or specific binding member may be referred to
within this specification as a *#13C3-like antibody.” Thus,
a “13C3~like antibody” is meant to also encompass the 13C3
monoclonal antibody discleosed herein,

235 The present invention alsce relates to methods of
screening for and selecting compounds which may act as an
inhibitor of fibril and/or senile plaque formation
associated with Alzheimer’s disease. Such a methodology
comprises utilizing an antibody with 13C3-like

30 characteristics (e.g., specific affinity to the PF vs. LMW
forms of AP peptide) in various antibody/peptide/test

compound interaction assays in order to select a compound

7.



30 the present invention; and, (4) in designing peptides derived from the complementarity determining
regions (CDRs) of the neutralizing antibodies of the present invention for use in either screening
inhibitors of protofibril formation for use in prophylactic and/or therapeutic regimes and (4) as a
diagnostic reagent to determine the level of  protofibrillar AP in serum or CSF of a patient at risk for 5
developing AD. It is an object of the present invention to provide for antibodies that specifically
interact and show affinity to an exposed, conformational epitope of a protofibril form of AP peptide
which comprises amino acids 1-20 (SEQ ID NO:2) of 10 an exposed portion of the AP peptide. It
is a further object of the present invention to provide for antibodies that interact and show affinity to an
exposed conformational epitope of a protofibril form of AP peptide which comprises amino acids 4-12
and 9-20 (SEQ*TD<I5 NOB W rokan exposedportion of tife thelAPigeptidel /Amothel elject of the
present inventign is 1@ : 1,303-like antibodies which prevent or reduce AP protofibril formation linked to

the deposition of ass%gilated wigé If,lAIzhgr\r/]g]gg_{di§}ea\§e. t21_C1)Anot_he£ o{?(l_ect (gf th% present invention is to
provide assaysutilizing1303.ik8&ntibodig§ii==cn  turther relates to  diagnostic
assay methods to specifically determine protofibril levels

5 within a subdect or patient. Such assays may be carried out
by any techniques known and available to the artisan,
including but not limited to Western Dblots, ELISAS,
radicimmunoassays, immunchistochemical assays,
immunoprecipitations, or other immunochemical assays known

10 in the art. Thus, one embodiment of this portion of the
invention relates to taking a tissue sample from a subject
or patient and determining the level of PF AP in the sample
using a diagnostic kit and associated assay; whereby the kit
comprises a 13C3-~like antibody, thus allowing for the

15 specific determination of PF AP levels in the tissue sample.
The tissue sample for analysis is typically blood, plasma,
serum, mucus or cerebral spinal fluild from the subiect or
patient

To this end, the antibodies of the present invention

20 may be utilized for at least the following uses: (i} as a
prophylactic or therapeutic agent to prevent or reduce
plague deposits associated with Alzheimer’s disease, either
alone or in conjunction with any available c¢ombination
therapy; (2) in designing peptide immunogens that may be

25 used to eilicit an effective antibody response in
prophylactic or therapeutic vaccination strategies relating

te treatment of Alzheimer’s disease; (3) to generate a
prophylactic or therapeutic anti~idiotypic ahtibody {Ab2Z)
mimicking the cryptic epitope(s) that bind the antibodies of

30 the present invention; and, {4y in designing peptides
derived from the complementarity determining regions (CDRs)

0of the neutralizing antibodies of the present invention for

8-



antibody/peptide/test compound interaction assays to select compounds which will be useful in treating
plague deposition associated with Alzheimer's disease. 25As used herein, "Ka" is intended to refer to
the association constant of a particular antibody antigen interaction, "Kd" is intended to refer to the
dissociation constant of a particular antibody-antigen interaction. As used herein, the term "epitope" or
"antigenic 30 determinant"” refers to a site on an antigen to which B and/or T cells respond or a site on
a molecule against which an antibody will be produced and/or to which an antibody will bind. For
example, an epitope can be recognized by an antibody defining the epitope. An epitope can be either
a "linear epitope” (where a primary amino acid primary sequence comprises the epitope; typically at
least 3 5 contiguous amino acid residues, and more usually, at least 5, and up to about 8 to about 10
amino acids in‘&aniglesegiencey e idenformakiohar epitdper@irépitope witaredt #9& primary,
contiguous aming-acid=segyenesis ok the sole-definingrcompenent of-the: gpifope)s Acanformational
10 epitope may, Scomgris% an ipgg%%sced rgtérénobenr of a oino %&desmrn%lgtive &g Iin_eg\r}_r gfito%%, as this
conformational €xcitope recgg’nlzes 3 thfee-dimensional StAicture of the péptide of protéin. For
example, wherragrofeinmbleculefolds tedorm acthrésdiménsiopalksteuctuse, certdin &mmino acids
and/or 15 the pplypeptide backbone forming the conformational epitope become juxtaposed enabling
the antibody to recognize the epitope. Methods of determining conformation of epitopes include but
are not limited to, for ExahipR? x¥ay~&ystdilogtaphy SRF8-dirheridionanileBF Magieti®Fesonance 20
spectroscopy antt site<tlirectedh spindabelingand electron-paramagneticoresefidnce ispectroscopy. See,
for example, Epitope Mapping Rrotgegls-inMethads in Molegular Biclogy; ¥pl. 66, GlengE. Morris, Ed.

(1996), the disclosure of which is incorporated in its entirety herein by reference. 25 As used herein,
"specific bindind® BetwWeetrt e ertitiesTReAAS arraiiHtyeeraElehst 1065W31, 170 N4, 206 M31-,

109M-31, g 10,5 M.As used.hetain,, pretafibrilszare pratefibrillar - aggregates which include spherical

structures comprising Ap 30 peptides that appear to represent strings of the spherical structures
forming curvilinear stiticturds.® FAEUSE HEtdfit thePtermh soRt8deiE ustd R&feifs s used within
the art. Namely;itheistates in-which antibediesispecificcbindingamensbers, mcleictacidanelecules and
the such are found. Antibodies/spe i{icnl;ipdiggirpgrgb%r 5 and nuclei¢c acid molecules yll be free or
substantially frée ot matenal with Which they are Ratura y sssociated such as other polypeptides or
nucleic acids wittPihish thieycdre feund intheirhatdrakeaditoriment, drdhe erViroifdentih which they

are prepaligd (@Q@:§,ellép)u'%e)1§év%§gge portion of the the AP peptide.

Another object of the present invention is to provide
13C3~1like antibodies which prevent or reduce AP peptide
protofibril formation linked to the deposition of pladques
associated with Alzheimer’'s disease.

20 Another object of the present invention is to provide
assays utilizing 13C3~-1ike antikbodies in
antibody/peptide/test compound interaction assays Tto select
compounds which will be useful in freating plague depcsition
asscciated with Alzheimer’s disease.

25 As used hereir, "Ka" is intended to refer to the
association constant of a particular antibody antigen
interaction, "Kd" is intended to refer to the dissociliation
constant of a particular antibody-antigen interaction.

As used Therein, the term Tepitope™ or Tantigenic

30 determinant” refers to a site on an antigen to which B
and/or T cells respond or a site on a meclecule against which

an antibody will be produced and/cr to which an antibody

9.



10 preparation is by recombinant DNA technology (practiced ill vitro) or in vivo. "Isolated" covers any
form containing the identified and characterized component(s) of the present invention following
removal from that initial environment. Examples, but certainly not limitations, include 15
pharmaceutical formulations, formulation with diluents, antibodies/specific binding members, nucleic
acid molecules and portions thereof which have been modified (e.g., antibody glycosylation) either in
vitro or in vivo and removed from that environment. 20As used herein, the term "recombinant human
antibody" represents a viable subset of "antibodies" generated by various means of recombinant DNA
technology and non-human transgenics that are well known in the art. Such methodology is utilized to
generate an antibody from one or 25 the following origins: (i) a SCEv or alternative antibody isolated
from a combinatotial Rtntan aRtBodydibPasy; (ifa patiaRsr complete aitibbuyzgeEndratéd from a
respective expeassionyectarstabhgonrtiansientlydeansfested into-a host gelhpreferably @ mammalian
host cell (e.g., 391,snuebacrloni%gir%%clgptid? %e%uencgs e{prcodér%g/ VHaI%\ngVL acgggws in}q an expression
vector in conjuncfion with r spec%ve CH"and TL Rucléotide equences, so as to Sro'”mofgexpression of
a predeterminetfores of antibBRlyisitcwing:Speelficiytd/the PFRYBHyEOLAP)2ANd/GEGT) ad antibody
isolated from aqer-hymastransgenicaninalwhicheontainshumanimmpunogigbulin genes; or by any
other known methodology.5 which relies of {he recombinant, mixing and matchin’ of fuman
immunoglobulin‘gene seq%ences {6 othef DNA sequences in order t6 generate the hufhan
recombinant arftisey of Inteérest. THETErMB2Eibjett” 6Pipatient” ismednt toMsclide 18-any member
of the Phylum €hergataninelydings witheutdinitation Jaumans anghetherpripates.dnauding nonhuman
primates such as gjh%@dg)anzggg ar%% I%herO pe%%ld rglor%kgg/egpecies farmoagirg%gts%ch S cattle,
sheep, pigs, goats an ﬁorses;pof)dmestic mammals stch a 0gs an%ca%s;rﬁa%orato?yri animals
including F8derfts Stbrastifite FHtS BHtRgLitealpigsBES, imciubiy domestitnwild:ahdsgame birds
such as chickens; tirkeys-andiothesgallinaceeus pirgs, dcks geesenanddhe like; Theterm "treating”
or "treatment” of a disease refers, 20 to executing a protpcol, which may, include administering one or
more drugs to a su%?ect ﬁwman or oﬁ1erW|58), iR an effort 10 alleviate signs or ét))/mptoms of the

disease. Allevi&iiei €&h-ocEproBrsigns Bresy Mpioiis BfthBWisease appetring asowell as after

their appearange. WS dimensional structure, certain amino acids and/or
15  the polypeptide backbone forming the conformational epltope

become Jjuxtaposed enabling the antibecdy to recognize the

epitope. Methods of determining conformation of epitopes

include but are not limited to, for example, X-ray
crystallography, two-dimensional nuclear magnetic resonance

20 spectroscopy and site-directed spin labeling and electron
paramagnétic resonance  spectroscopy. See, for example,

Epitope Mapping Protocols in Methods in Molecular Bioclogy,

Vol., 66, Glenn E. Morris, Ed. (1%%96), the disclosure of
which 1s incorporated in its entirety herein by reference.
25 As used herein, "specific binding" between two entities
means an affinity of at least 10% ™M™, 107 M, 10% M, 10° M7,
or 10 'Y M,
As used Therein, "proteofibrils®  are protofibrillar
aggregates which include spherical structures comprising AB
30 peptides that appear to represent strings of the spherical

structures forming curvilinear structures.
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25 "treating"or"treatment”includes"preventing”or "prevention” of disease. In the case of Alzheimer's
disease, "preventing" or "preventing” may also occur in a situation where a course of treatment is
advanced in order to prevent or stall onset of the symptoms associated with 30 Alzheimer's disease. In
addition, "treating" or "treatment" does not require complete alleviation of signs or symptoms, does not
require a cure, and specifically includes protocols which have only a marginal positive effect on the
subject. As used herein, the term "active ingredient” refers to a 1303-like antibody which shows
affinity and specificity 5(e.g., specific binding) to the amino terminal portion of the protofibril structure of
beta-amyloid. As used herein, the terms "effective amount” or "pharmaceutically effective amount”
of antibody, as provided herein, refers to a nontoxic but sufficient amount of the 10 active ingredient in
order to provide the desiretkBioloyiealresulte Ah<appriprate tefféctive” aptourtdn<ny iadividual case

may be determined;Ry one of qrdinary skilkin the art using.rotine gxpesimentatign..As used herein,
the terms "pharmageutigally acceptable” 1{5 or" rlqrmacologiggllé/ aicgeptable"mmtfan aimaterial may be
administered t6 A IRAVidtiar i & drug detivery ﬁe@fecne}bglro%’g Wit H5é Forfiiidtet biviogical agent
without causingahytiirdesirabledsiological - efféctsidrointeractingdhid deleteddus manber with any of the
components ofthe 20.compositioninwhichitiseentaiped(e.goa pharmaceutically acceptable
composition"_). . As ufsed herreinlth% hr{aswensi" hys}i}ologicglly acce rtali)le carrier" gnd _
"pharmaceutlcalff %ccoeptérﬁl%ecar ier Wwhith mayrbe%nteé?chaanegea% (86l Tefeii8% 35ﬁﬁier, diluent,
and 25 excipieatthatdoes-het-cayse significant ipMtationteian ergalismiahd does ndtahrogate the
biological activity and-propertes.etthe adminigtered corapeund. Ap adjuvant isincluded under these
phrases. in which they are prepared (e.g. c¢ell culture) when such
10 preparation is by recombinant DNA technelogy (practiced ill
vitro) or in wvivo. “Isolated” covers any form containing
the identified and characterized component{s) of the present
invention following removal from that initial environment.
Examples, but certainly not limitations, include
15 pharmaceutical formulations, formulation with diluents,
antibodies/specific binding members, nucleic acid molecules
and portions thereof which have been modified {e.g.,
antibody glycosylation) either in vitro or in vivo and
removed from that envircnment.
20 Az wused herein, the term "recombinant human antibody”
represents a viable subset o¢f Tantibodies®™ gensrated by
various means o©f recombinant DNA technology and non-human
transgenics that are well known in tThe art. Such
methodology is utilized to generate an antibody from one or
25 the following origins: (i) a scFv or alternative antibody
isclated from a combinatorial human antibody library; {(ii) a
partial or complete antlibody generated from a respective
expression vector stably or transiently transfected into a
host cell, vreferably a mammalian host cell (e.qg.,
30 subcleoning nucleotide segquences encoding VH and VL chains
intc an expression vector in conjunction with respective CH

and CL nuclectide seguences, 50 as Lo promote expression of
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As used herein, the term "excipient"” refers to an inert 30 substance added to a pharmaceutical
composition to further facilitate administration of an active ingredient. The term "minimal affinity"
as used in comparing affinity of the antibodies for the protofibrillar form of the AP peptide with affinity
of the antibodies for other forms of AP peptide, such as fibrils, sheet structures, and 5 low molecular
weight oligomers and monomers, indicates that ratio of the affinity for the protofibrillar AP form to the
affinity for other AP forms is greater than about 2. Preferably, the ratio is greater than about 3, or about
4, or about 5. 10 BRIEF DESCRIPTION OF THE FIGURES Figure 1 shows the process of AP
fibrillogenesis, including formation of protofibril oligomers. Figure 2A-B show the process of AP
fibrillogenesis and purification of AP forms at time 0 (A) and 4 hours (B) as 15 indicated by absorbance
at mA0215 (ab3oRF&Téd @25 Am) F6F eftftiorrViclbiptes. A hotir$B); thédéwrmbtedutar weight

(LMW) form elutes as.a -15xkngdimeywhile the prqtofibril form size elutes at :670:kDa. Eigure 3A-B

show the specificity of monoclonal 20 antibodies 13C3 (A) and 4G6 (B) for the protofibril (PE:-.-) and
low molecular WeTgHH{INIW: -I5F FOHFS Bt AP, a8ihlftated BY optical G&RSiR/ {GD) réad'&t 450/650 nit
for increasing comcentgations of bathrthe,PFaand tMWforms:akAP . 2oFiguredA-&ishowy data from a

Biaccre binding,assay showing affinity,of mapaclonal antibgdies 4G8,(4), 1303,(B)and gontrol IgGI (C)

to varying concentrations of low molecular weight (LMW) form of AP from 0.25 ug/m1 LMW AP to 4.0
Ug/m1l LMW AP ERuréBRBFSRE data &8RRG HE EPitdpesTetognizel AHHEARES AP
antibodies descéribedrabovetFigurensAdliestrates ahlWesterm BuotBlotamalysisaiithdgonotlonal
antibodies 1303 {iap panel), 101 (middle panel) 5 and 4G8 (bottom panel) against _a series of
overlapping 13 amino acid peptides as described in Example 5.Figure 5B illustrates amino acid

sequence of A.01442 [SEGTB'RI0:157R35H&IT aSthe Bredicted epitopd€ Bt mdrbcidhalHiftibodies 1303,

and 1D1.10 any member of the Phylum Chordata, including, without

limitaticon, humans and other primates, including nonhuman

primates such as chimpanzees and other apes and monkey

species; farm animals such as cattle, sheep, pigs, goats and

herses; domestic mammals such as dogs and cats; laboratory

15 animals including rodents such as mice, rats and guinea

pigs; birds, including domestic, wild and game birds such as

chickens, <turkeys and other gallinaceous birds, ducks,
geese, and the like.

The term "treating” or "treatment" of a disease refers

20  to executing a protoccl, which may include administering one

or more drugs to a subject {human or otherwise}, in an

effort to alleviate signs or symptoms of the disease.

Alleviation can occur prior to signs or symptoms of the

disease appearing, as well as after their appearance. Thus,

25 "treating" or "treatment” includes "preventing” or

"prevention" o©f disease. In the case of Alzheimer's

disease, *“preventing” or “preventing” may also occur in a

situation where a course of treatment is advanced in order

to prevent or stall onset of the symptoms associated with

30 Alzheimer’s disease. In addition, "treating™ or "traatment”

does not reguire complete alleviation of signs or symptoms,

12



10Figure 6 shows the reactivity of monoclonal antibodies 1303 (-OH) and 408 (-4-) with SEC fractions
from 7PA2 supernatant secreting AP oligomers. Protofibril (PF) and low molecular weight (LMW)
fractions are indicated on the x-axis as measured by optical density (OD) read at 450/650. 15Figures
7A-0 show micrographs from thin section immuno- electron microscopy showing the affinity of
monoclonal antibody 1303 to repeated structures on AP fibrils (B, C). Control immuno-EM is 1gGi (A).
Figure 8A-B show data from electron micrographs showing 20 reduction in plague numbers in a
representative TACENDS transgenic mouse after administration of control IgGi (A) antibody in
comparison to administration of 1303 monoclonal antibodies (B). Figure 9A-B show that treatment of
TgORNDS transgenic 25 mice with 1303 monoclonal antibodies on a once a week (A) or twice weekly
(B) regime resuiPfrsaretductianiofesenilevplaquerformation: 1 callFigure iGishowsctthecnucleotide and

amino acid seqience atthe sloned light and:heavy.chains variable regions far,30mAb 1303.
Flgurellshowsthattheacute eripheral administration of 13¢c3 in APP trans%enlc mice does not lead to

an increase in plasma AB tiffiké teferahcs Entibddly 3596 AdifinistPifsH:°"" Fighiré 12 stows that 1303
recognizes human-amyléidcneuritici pladiuegifaggregated) irND brains out nerthel 5 diffuse AB

deposits unlike theyeferepse:306 apti-AS.aMibedY. tne amino terminal portion of
the protofibril structure of beta-amyloid.

As used herein, the terms "effectlive amount" or
"pharmaceutically effective amcount® of antibody, as provided
herein, refers 0o a nontoxic but sufficient amcunt of the

10 active ingredient in order to provide the desired biological
result. An appropriate "effective" amcunt in any individual
case may be determined by one of ordinary skill in the art
using routine experimentation.

As used herein, the terms "pharmaceutically acceptable"

15 or "pharmacologically acceptable” mean a material may be
administered to an individual in a drug delivery device
aleong with the formulated bilological agent without causing
any undesirable biclogical effects or interacting in a
deleterious manner with any of the compenents of ths

20 composition in which it is contained {e.g., a
“pharmaceutically acceptable composition”).

As used herein, the phrases "physiologically acceptable
carrier" and "pharmaceutically acceptable carrier® which may
be interchangeably used refer to a carrier, diluent, and

25 excipient that does not cause significant irritation to an
organism and does not abrogate the biological activity and
properties of the administered compound, An adjuvant is
included under these phrases.

As used herein, the term “excipient® refers to an inert

30 substance added to a pharmaceutical composition to further

facilitate administration of an active ingredient.
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DETAILED DESCRIPTION OF THE INVENTION The amyloid precursor protein (APP) plays an
important role in the pathogenesis of Alzheimer's disease (AD). 10 Proteolytic processing of APP by p-
and 7-secretases generate AP peptides (AP) which normally range in the length from 39 to 43 amino
acids in length. The onset of Alzheimer's disease is characterized by the accumulation of oligmeric or
aggregated forms of AP in the brain. The immunological 15 compositions of the present invention are
useful in treating or preventing Alzheimer's disease, for use as reagents in diagnostic assays, as well
as for designing small molecule inhibitors of amyloid deposition. The 1303-like antibodies of the
present invention may be administered 20 prophylactically to the general population of a mammal,
especially a human, in a contemplated pharmaceutically acceptable formulation in an amount and/or
dosage regime sufficigrt to etirminate,iredice ordétay omset efstheudiseaséenMethodsofrgrophylactic

treatment are espegially, 25 waranted,with-jndividuals knewn to be.at a.genefic or familiar risk of
Alzheimer's disease. Numerous genetic markers of risk for Alzheimer's disease have been identified,

including but nétfimitéd FRPP futdidhsid.n e IntfanThtitaton (WL 2E7 PHY), thelSwedish 30
mutations (Lys@#@AsncMetf71keu).dbe Hendricks mutation (Alaca2Gly) theQutch muttgtion
(Glu6936%n), the Iran;iian Tutation(%hr?MAla , the German mutation (Val715A1a), and the Florida
mutation (Ife716VAal)"to fist aew’ AdtitioRal titaton SRR HEY tticats A Mcréa & isk of
Alzheimer's diseassecincludenmutations iy thiespresenilin: Stgemies (R $4-ang PS2)antApakE4. The
present inventio fjso relates to therapeutic, intervention via pharmaceutically acceptable compositions
comprising a 1§8 fllrf(letgntilggay 13F individtfals fp%@@ntl& Ssuﬂ%rrl %]t bm Alheiniels disease can be
recognized fromrcHaraeteristicciementiag especialy e 10 therpresemce 0f risk fators-described above
or already suffefing,from stich a disease in an amount sufficient to cure, or at least partially arrest, the
Alzheimer's disease symptoms and complications. Either prophylactic- or therapeutic-based treatment

methods q@ntegﬁgge%gg&ip?rf%lgper%egf%&géjsress early or late onset Alzheimer's disease. In

view of the importance of oligomeric forms of AP in the onset of Alzheimer's disease, the present
invention relates to af isolted antidstipthatispedificalsinterdlcts?dhd shbwsla yaeasaied affinity to a

repeating confarmational 2@ epitope-ef apretefibrd ferm;of APpeptide, The monomer of wild type AP
peptide (A042; the 42 amino acid form) is known in the art and is shown herein as SEQ ID NO:1: Asp
Ala Glu Phe Arg His ASES6r &y Fyr &I VAIHIS FRSTin 13/s Féu VP Phe PR 616 Ap Val Gly

Ser Asn Lys GlyMasication of aB forms at time 0 (A) and 4 hours (B) as
15 indicated by absorbance at maAU;s (absorbance @ 215 nm) for
elution volumes. At 4 hours (B}, the low mclecular weight
{LMW) form elutes as a ~15 kDa dimer while the protofibril
form size elutes at ~670 kDa.
Figure  3A-B show The specificity of monoclonal

20 antibodies 13C3 (&) and 4G8 (B) for the protofibril (PF:—é—)
and low molecuvlar weilght {IMW: —#B—) forms of Aﬁ, as
indicated by optical density {0OD)Y read at 450/650 nm for
increasing concentrations of both the PF and LMW forms of
EB.

25 Figure 4A-C show data from a Biacore® binding assay
showing affinity of monoclonal antibodies 4G8 (A), 13C3 (B)
and control Igh; (C) tc wvarying concentrations of low
molecular weight (LMW) form of AB from 0.25 ug/ml LMW AR to

4.0 ug/ml LMW AB.
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25 lle lle Gly Leu Met Val Gly Gly Val Val lle Ala (SEQ ID NO:1). The isolated antibodies of the present
invention will show affinity for a repeated conformational epitope of the larger molecular weight,
oligomeric protofibrillar form of the AP 30 peptide while showing minimal affinity for other forms of AP
peptide, such as low molecular weight monomers and dimers. The present invention also relates
to an isolated antibody that interacts and shows a measurable affinity to a conformational epitope of a
protofibril form of AP peptide, whereby the protofibril epitope is represented by an exposed 5 region of
a AP-protofibril form which comprises the amino terminal portion of an exposed portion of the AP
peptide. The present invention further relates to an isolated antibody that specifically interacts and
shows a measurable affinity to a conformational epitope of a protofibril form 10 of AP peptide, whereby
the protofibril epitopefisyepresented by ancexposed xegionafel AP-protofitd forap lvick €omprises
amine acids + 20SEQIONG of an exposed ngytion of e AP peRlide, aalaiogs: fsp Ala Glu Phe
Arg His Asp Ser Gly Tyr Glu Val His His GIn Lys Leu Val Phe Phe 15(SEQ ID NO:2).  As
exemplified hefetd“Fousé méndeidhat affibctlied Hiave BeetridBertitiet which speégificalyshow specific

affinity for the protefiril(PH) fermwefithes AR peptideswhileshowing minimakaffiaity fertow molecular
weight spegies of 20 tide. The dimer form of AO (-15 kDa) over time polymerizes to form a
oluble PRI AL il S oA oo oo SieT 670 kDG e WatBimunized with
this higher mol&Bciat weght PREAPS fMorocloifat antibstie s wéreSersened forfspetificityPto the 25 high

molecular weight PH formnof the AR peptide while showingmipmal e&me abijlitydo-bind lawer
molecular weight forms of AP. This portion of the present invention is_exemplified by the screening,

isolation and ch&ractefZatiohof ﬁfeepﬁéﬁgeéjeri?? bf FRGRoclnalhtbodied raised 4aist>30 the -670
kDa high moledul&r weight pEdtofibril form of the AP peptide (i.e., 1303, 1D1 and 19A6).This series of

10 Figure & shows tThe reactivity ¢f monoclonal antibodies
13C3 (——-) and 4G8 (—¢—} with SEC fracticons from 7PAZ2

supernatant secreting AP oligomers. Protefibril (PF) and low
molecular weight (LMW) fractions are indicated on the x-axis
as measured by optical density (0OD) read at 450/650.
i5 Figures 7A-C show micrographs from thin section immuno-
electron microscopy showing the affinity of monoclonal
antibody 13C3 to repeated structures on AR fibrils (B, C).
Control immuno-EM is TgB, (A).
Filigure 8A-B show data from electron micrographs showing
20 reduction in plague numbers in a representative TgCRNDS
transgenic wmouse after administration of control Igh
{A} antibody 1in c¢comparison toe  administration of @ 13C3
moncclonal antibodies (B).
Figure 9%9A4-B show that treatment of TgCRND8 transgenic
25 mice with 13C3 mcnoclonal antibodies on & once a week (A) or
twice weekly (B) regime result in a reduction of senile
prlague formation.
Figure 10 shows the nucleotide and amino acid sequence
of the cloned light and heavy chains variliable regions for
30 mAb 13C3.
Figure 11 shows that the acute peripheral

administration of 13c3 in AFPP transgenic mice does not lead
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monoclonal antibodies shows the intended specificity in vitro while also reducing Alzheimer's
disease-associated plague formation in a transgenic mouse Alzheimer's disease model. Thus, in a
particular embodiment of the invention, 5 the isolated antibody specifically interacts and shows a
measurable affinity to a conformational epitope of a protofibril form of AO peptide, whereby the
protofibril epitope is represented by an exposed region of a AO- protofibril form which comprises
amino acids 4-12 (SEQ ID 10 NO:3) and 9-20 (SEQ ID NO:4) of an exposed portion of the AP peptide:
Phe Arg His Asp Ser Gly Tyr Glu Val (SEQ ID NO:3); Gly Tyr Glu Val His His Gin Lys Leu Val Phe Phe
(SEX ID NO:4). One embodiment of the present invention relates to an 15 antibody which comprises a
VH (SEQ ID NO: 7) and/or VL (SEQ ID NO: 5) region as disclosed for 1303, so as to impart 1303-like
specificity to thedPFaversusdaMy¥ form of tirenAPAfFeptideiAr additroral embodintentys ak303-like
antibody or biolpgically. relevant fragment thereof which show
Figure 12 shows that 13C3 recognizes human amnylioid
neuritic plagues {(aggregated) in AD Dbrains but not the
5 diffuse AR deposits wunlike the reference 3D6 anti-AB

antibody.

DETAILED DESCRIPTION CF THE INVENTICHN
The amyloid precursocr protein (APP) plavs an important

role in the pathogenesis o©f Alzheimer’s disease (AD) .
10  Proteolytic processing of APP by P- and y-secretases generate

AP peptides (AP) which normally range in the length from 39
to 43 amino acids in length. The onsget ©f Alzheimer’s
disease is characterized by the accumulation of oligmeric or
aggregated forms of AR in the brain. The immunclogical
15 compositions of the present invention are useful in treating
or preventing Alzheimer's disease, for wuse as reagents in
diagnostic assays, as well as for designing small molecule
inhibitors of amyloid deposition. The 13C3-like antibodies
of the present invention may be administered
20 prophylactically to the general peopulation of a mammal,
especially a human, 1in a contemplated pharmaceutically
acceptable formulation in an amount and/or dosage regime
sufficient to eliminate, reduce or delay onset of the
disease. Methods of prophylactic treatment are especially
25  warranted with individuals known to be at a genetic or
familiar risk of Alzheimer's disease. Numerous genetic
markars of risk for Alzheimer's disease have bheean
identified, including but not Ilimited to APP mutations
{(e.g., the Indian mutation (Val71l7Phe), the Swedish
30 mutations (Lys&70Asn, Meté&7lLeu), the Hendricks mutation
{Ala692Gly), the Dutch mutation (GLub923Gin), the Iranian
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10 specificity to the PF form over the LMW form of the AP peptide. Thus, the present invention also
relates to biologically active fragments and/or mutants of the 1303, 1D1, 19A6 or a 1303-like antibody,
including but not necessarily limited to amino acid substitutions (e.g., as a 15 directed form of affinity
maturation of the V5 or VL regions), deletions, additions, amino terminal truncations and
carboxy-terminal truncations such that these mutations provide a basis for an antibody or antibody
binding portion that results in a similar or improved version of a 1303, 30 1D1, 19A6 or 1303-like
antibody binding protein.As noted herein, one embodiment of this portion of the invention related to
the VII and/or VL region of such an antibody comprising the amino acid sequence as set forth in SEQ
ID NO: 7 and/or SEQ ID NO:5, respectively. The present invention notes the existence of codon
redundancy whichanay:d resultin differing DNA moleeulesexpréessingtan idemtical antipody or portion

thereof (e.g., altgnative, nycleic agid molecules, encqding.an identical sclv orng VK andjer VL portion

of an 1gG). For purposes of this specification, a sequence bearing one or more replaced codons will be

defined 10 as d'degyeritate Vafistion. Afdther 80 Bf setfuence varatidoh may dcur hrough RNA
editing. Such RNArediting ‘maydesuitdin anotherdermnefcecadam sedundaney, whereimalichange in the

open reading frame dogssaotesultin an altered amino agid residue in the expressed, pratein. Also 15

included withinthe scope of this invention are mutations either in the DNA sequence or the translated
ahtibody whichfifrpidv thePultimateBhRySical properIES b the eXpfessed Bhtibody: Td'this end, the
present inventienaetatesite (Haffinity matured versionsnof & 1308:31Dilk 4 9AG-abany other 20 such

1303-like antibogly; and/or (i) putated forms 014303, 104, 19A6.0r any other;such 1303ike antibody,

including but not limited to one or more mutations in the CDR1, CDR2 an/or ODR3 regions as
generated throtgh kAGWAT affirfity Matlratiohrmetiodsiogy afdetombin&PBRIA teehnigues known 25
for introduding site speeifiermatationsr Thus, thetisolatetkantibodies ebthe: present imeention are

antibodies that spegifiqally interact with a conformational.epitope pf a,profofibril form,of AD peptide.
The isolated antibodies of the present invention will show affinity for such a 30 conformational epitope

for the larger nfol&€ulal weidght FrotsfiBiir oMY ofthe®ABDr peptidewhie SHowmg il affinity for
other forms of Albrpeptide, such as:fibrilsjcat ions. Either prophylactic- or

therapeutic-based treatment methods contemplated herein may
15 be used to address early or late onset Alzheimer’s disease.
In view of the importance of oligomeric forms of AP in the
onset of Alzheimer’s disease, the present invention relates
to an isolated antibody that specifically interacts and
shows a measured affinity to a repeating conformational
20 gpitope of a protofibril form of AB peptide. The monomer of
wild type AP peptide (ABsi; the 42 amino acid form) is known

in the art and is shown herein as SEQ ID NO:1:

Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val His His Gln
Lys Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys Gly Ala

25 Ile Ile Gly Leu Met Val Gly Gly Val Val Iie Ala (SEQ ID
NO:1).

The isclated antibodies o©of the present invention will show
affinity for a repeated conformational epitope of the larger
molecular weight, oligomeric protofibrillar form of the AR
30 peptide while showing minimal affinity for other forms of AP
peptide, such as low melecular welight monomers and dimers.
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sheet structures, and low molecular weight oligomers and monomers. The present invention also
relates to the isolated monoclonal antibody, 1303.This portion of the invention to a hybridoma which
produces the monoclonal A hybridoma which produces the monoclonal is available under ATCC
Accession No. PTA- The present invention also relates to the isolated 10 monoclonal antibody, 1D1.
This portion of the invention also relates to a hybridoma which produces the monoclonal antibody,
1D1. The present invention also relates to the isolated monoclonal antibody, 19A6.This portion of
the invention 15 also relates to a hybridoma which produces the monoclonal antibody, 19A6. The
present invention also relates to methods of screening for and selecting compounds which may act as
an inhibitor of fibril and/or senile plague formation 20 associated with Alzheimer's disease.Such
methodology comprisgseutilizingean antiboeytwith 1303dikeraffinity 40 the PE:formseflAPepeptide in

various antibody/peptide/test.compound interagtionagsays I.arder10:seleet-a,cqmpaund which
modulates the process of fibril and/or plague
conformational epitope of a protofibril form of AP peptide,

whereby the protofibril epitopes is represented by an exposed
5 region of a AB-protofibril form which comprises the amino
terminal portion of an exposed portion of the AP pepitide.

The present invention further relates to an isolated
antibody that specifically interacts and shows a measurable
affinity to a conformational epitope of a protofibril form

10 of Af peptide, whereby the protofibril epitope is
represented by an exposed region of a AP-protofibril form
which comprises aminc acids 1-20 (8SEQ ID NC:2) of an exposed
portion of the AP peptide, as follows: Asp Ala Glu Phe Arg
His Asp Ser Gly Tyr Glu Val His His Gln Lys Leu Val Phe Phe

i3 (SEQ ID NO:2).

As exemplified herein, mouse monoclonal antibodies have
been identified which specifically show specific affinity
for the protofibril (PF) form of the AP peptide, while
showing minimal affinity for low molecular welght species of

20 the AP peptide. The dimer form of AP (~15 kDa) over time
polymerizes to form a soluble PF form of BB, with a
molecular weight of approximately 670 kDa. Mice were
immunized with this higher molecular weight PF 2.
Monocleonal antibodies were screened for specificity to the

25 high molecular weight PF form of the AP peptide while
showing minimal or no ability to bind lower molecular weight
forms of AB. This portion of the present invention is
exemplified by the screening, isolation and characterization
of the 13C3 series of monocleonal antibodies raised against

30 the ~670 kDa high molecular weight protofibril form of the

2B peptide (i.e., 13C3, 1Dl and 19A6). This series of
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25 formation. The compound may be a non-proteinaceous organic or inorganic molecule, a peptide
(e.g., as a potential prophylactic or therapeutic peptide vaccine), a protein, DNA (single or double
stranded) or RNA (such as siRNA or shRNA). It will become evident upon review of the disclosure and
30 teachings of this specification that any such peptide or small molecule which effectively competes
with a 1303-like antibody for binding to the PF form of AP peptide represents a possible lead
compound relating to prophylactic or therapeutic treatment of Alzheimer's disease. To this end,
interaction assays may be utilized for the purpose of high 5 throughput screening to identify
compounds that occupy or interact with the 1303 epitopes of the PF form of AP peptide and displace
the antibody. Various antibody/antigen-based assays known in the art may be used which
incorporate and?élFer13030Ike 20 Ertibad\rof the presehtpnestionsas anféssentialireagent in
screening for compeunds usefukin:the peaphylagtic or therapeutic treatment of Alzheimers disease (e.
g., asmall inorg]?gicurenok%%%gtoir candrildaée %egtide vacc(::ineg, inclu}(kjjin% but not Iimoitt,ed to an ELISA
assay, a radioi mune assay, a 15 Westéin bist gﬁgf%ls, I;'Elm*‘f/sneomogzere?cj)“f‘}%rasssay lréﬁ/?ﬁ& ona
detectable biol&gitat interéietivn riot réquifingiseparatienioriiash steps (ehg., seeiphascreen from
PerkinElmer) apgéor SRR-hasediechnolopy {e4:: see BIACOIeNCompounds apgdiyspeptide vaccine
candidates idepntifé%% éggolt%gh ug :8]; 20a 1903-Iike antil%oq% may beldetectetd by a v:%riety of assays.
The assay may bea simple "yes/no' agsay {0 détermine whether there i§% ¢R& ge in the ability to form
the known antibody/tantigern complex, of maf besmadegquantitative;in nateiredyp utilizingian assay such
as an ELISA b%s%%glsesayi a ZQQOErQ(S)g%QO%fS ssay, or an SPR-based assay. 'ﬁo this %el\&g, the present
invention relates to aﬁy such assgy, regar%l ess Of thié known me hojéi%ﬁ)lgoﬁ1 en?p oy%d, ich measures
the ability of a ®stecompolad foeompeisvitha303-ike amtibody,2oials agpropriatépeptide or protein
mimetic of e aRuRg terminal 30 pepion of acL303 spitope Ofhe BF farmiof AB peptide,s  The

antibodies described herein may be used as the basic reagents in a number of different

innnunoassay§ﬁ¥mlde: Phe Arg His Asp Ser Gly Tyr Glu Val (SEQ ID NO:3);
Gly Tyr Glu Val His His Gln Lys Leu Val Phe Phe (S8EX ID
NO:4) . '

One embodiment of the present invention relates to an

15 antibody which comprises a Vg (SEQ ID NO: 7) and/or Vi (SEQ
ID NO: 5) reglon as disclosed for 13C3, s0 as to impart
13C3-1like specificity tc the PF versus LMW form of the AP
peptide. An additional embodiment 1s a 13C3-like antibody

or Dbiclogically relevant fragment thereof which show

20 specificity to the PF form over the LMW form of the AP
peptide. Thus, the present invention also relates to
biclogically active fragments and/or mutants of the 13C3,
1bl, 19A6 or a 13C3-like antibody, including but not
necessarily limited to amino acid substituti@ns {e.g., as a

25 directed form of affinity maturation of the Vy or Vi
regicns), deletions, additions, amino terminal truncations

and carboxy-terminal truncations such that these mutations
provide a basis for an antibody or antibody binding portion
that results in a similar or improved wversion of a 13C3,

300 1pl, 18A6 or 13C3-like antibody binding protein. As noted

herein, o¢ne embodiment of this portion of the invention
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determine the presence of a AD protofibril form in a tissue sample. Generally speaking, the antibodies
can be employed in any type of immunoassay, whether qualitative or quantitative. This includes both
the two-site sandwich 5 assay and the single site immunoassay of the non-competitive type, as well as
in traditional competitive binding assays. One embodiment of interest, for ease of detection, and its
guantitative nature, is the sandwich or double antibody assay, of which a number of variations exist, all
of which 10 are intended to be encompassed by this portion of the present invention. For example, in a
typical forward sandwich assay, unlabeled antibody is immobilized on a solid substrate, e.g., microtiter
plate wells, and the sample to be tested is brought into contact with the bound molecule. 15 After a
suitable period of incubation, for a period of time sufficient to allow formation of an antibody-antigen
binary complex; & déesnd-antibbly, fabeldd Afith a/'repofterdioléuleseapable’ ofdnddEriya detectable
signal, is then addgd and: incubation. is:sontinuedsalipwing sufficieat timerfos binding20 with the
antigen at a different.site_and the formation of a ternary complex of antibody-antigen-labeled antibody.
Any unreacted{]r%)aterfil igrﬁggﬁed %v@ay,%nd%@é%rese%%@eo ttl%‘é?zeé{l}l/tigen ?s¥ Gtefmined gy observation
of a signal, whithvigray 68 giaititated by Eompairisdnawitls aCeontFsISHTPREZS Eohtdinify known
amounts of antigen.Yariations on.the: forward sandwicheassaydnelude the simultaneeysassay, in
which both sargglgi%gg anti@odgragg %dq%desgpjglt%eously éqég% rpgtuingeanti%qgg,cora% reverse
sandwich assay In which the 1abéled ant ogy and sa'n%l’e {0 be tested are first combing , 30
incubated and &aiteertsthe ttalieled stface boubeRantibetly. THesé teERnigues afe Well known to
those skilled ingheradnand the passibility ebminarvariationsswithhe repdiy appareptAsised herein,
“sandwich assay isintended {0 encompass gl variations.on the basic two-sitg lechpique, ~  For
the sandwich ass%ys of the prese%t invention, the 5 oh y ﬁmlting actor I1s that both antibodies have
different bidingsspécifiéfiss forithe AD pictolibfil formAThitRea nafibiéicof péssitteedmBbinations are
possible. As a maresspeeifie.example-inanbpical fernarg:sandwich assay, aprimany:aantibody is either
covalently or p%%sivelgsbqténdi%o %9] gﬁglid support, ;I'h{e; s&l}ilg syé@cnediasn%sual%%lggsnor a polymer, the
most commonly Used p61ymers being cglfulose, po?yac‘r’ﬁamlde, nﬁbn, poK/’styrene, polyvinylchloride
or polypropyleriéieTHE séiit Stispofi’Say-Bedi ke forATef tdbes, bealds, *dises or fiicrgdlates, or any
other surfaces 45:suitableforeordueting-andmmunoassay « kpedipding-processes are yell known in
the art. Fallowing binding, the solid phase-antibody. complex.is washed in_preparation for the test
sample. Eﬁgo aliqLUQOtho t?fg b%jgpygﬁﬁid Ec%%ta?ﬁi%%ea ﬁé %r%%ﬁb%ﬂgrr}% 6 be teste u%{%ck%méﬁnasdded to the

solid 20 phase &bmgexidand ifcubated af 25T ford péfied ofttfeated antibody which

improve the ultimate physical properties of the expressed
antibody. To this end, the present invention relates to (i)
affinity matured versions of & 13C3, 1D1, 19A86 or any cother
20 such 13C3-like antibody, and/or (ii) mutated forms of 13C3,
1Dl, 19286 or any other such 13C3-1ike antibody, including
but not limited to one or more mutations in the CDR1, CDRZ
an/or CDR3 regions as generated through known affinity
maturation methcdology and reccombinant DNA techniques known
25 for introducing site specific mutations. Thus, the isclated
antibodies of the present invention are antipodies that

specifically interact with & conformational eplicpe of a

protofibril form of AP peptide. The isolated antibodies of
the present invention will show affinity for such a

30 conformaticnal epitope for the larger molecular weight
protofibrillar form of the AP peptide while showing minimal

affinity for other forms of AP peptide, such as fibrils,
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sufficient to allow binding of any AP protofibril form protein present to the antibody specific for the AO
protofibril form. The second antibody is then added to the solid phase complex and incubated at 25C
for an additional 25 period of time sufficient to allow the second antibody to bind to the primary
antibody-antigen solidS phase complex. The second antibody is linked to a reporter molecule, the
visible signal of which is used to indicate the binding of the second antibody to any antigen in the
sample. By 30 "reporter molecule”, as used in the present specification is meant a molecule which by
its chemical nature, provides an analytically detectable signal which allows the detection of
antigen-bound antibody.Detection must be at least relatively quantifiable, to allow determination of the
amount of antigen in the sample, this may be calculated in absolute terms, or may be done in
comparison with& Stantiafd 3 treSeriedTsf steritlartfs) Tontainingta khowR hoffis 1évet of antigen.
The most commenty.ased reporter molecules in this type of assay are either enzymes or fluorophores.
In the case of an enzyme immunoassay an enzyme is conjugated to the second 10 antibody, often by
means of glutaraldeh{de opperiotiate IASWIlISE readily recdenizsd, Reweve?, alwide vafety of

different conjugation: teshniques exist,ywhicheare wethknown ta. the, skilled:adisan:,commonly used
enzymes includ horseradish peroxidase, glucose oxidase. beta;galactosidase, 15 and alkaline
phosphatase, f‘m‘ang others. The su%strg 8510 be uSed with'the specific enzymes are generally
chosen for the prédaetion, uporhydrolySISBRERE corPéShoring erzymelof aetsétable color

change. For examples@;nitropbenyd phesphatelis suifable faruse with-alkaline phosphatase 20
conjugates; foré}& 8xidase conjugates, 1,2-phenylenediamine or toluidine are commonly used. It is
also possible to employ fluorogenio substrates, which yield a fluorescent product rather than the

chromogenic substrates:noted abave.;lpalhcases, the enzyme-lakeled,antibedysis-added to the 25 first

antibody- AD protofibiil rotein corggéex aqu f\llowe](?jhto bind t% the coanl%, a\n,dnthergC th% excess
reagent is ashed %?/vgy.a,& sBRition cghtainlng' the apb?op}?l%jtﬁe SUbstrate is'then added 10 the tertiary

complex of antibbalyantgendabeled antibody.drhe substrateireadtswith the monoclonal
antiboedy, 1D1.

The present invention also relates to the dsclated

monoclonal antibody, 19A6. This portion of the invention
15 also relates to a hybridoma which produces the monocleonal
antibody, 1946,

The present invention also relates to methods of
screening for and selecting compounds which may act as an
inhibitor of fibril and/oxr senile plague formation

20  associated with Alzheimer’s disease. Such methodology
comprises utilizing an antibody with 13C3-like affinity to
the PF form of AR peptide in various antibody/peptide/test
compound interaction assays in order to select a compound
which modulates the process of fibrii and/or plague

25 formation. The compound may be a non-proteinaceous organic
or inorganic molecule, a peptide {e.g., as a potential
prophyiactic or therapeutic peptide vaccine), a protein, DNA
{single or double stranded) or RNA (such as siRNA cr shRNA).
It will become evident upon review of the disclosure and

30 teachings of this specification that any such peptide or

small molecule which effectively competes with a 13C3-1like
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30 enzyme linked to the second antibody, giving a qualitative visual signal, which may be further
guantitated, usually spectrophotometrioally, to give an evaluation of the amount of antigen that is
present in the serum sample. Additionally,fluorescentcompounds,suchas fluorescein or rhodamine,
may be chemically coupled to 5 antibodies without altering their binding capacity. When activated by
illumination with light of a particular wavelength, the fluorochrome-labeled antibody absorbs the light
energy, inducing a state of excitability in the molecule, followed by emission of the light at a 10
characteristic longer wavelength. The emission appears as a characteristic color visually detectable
with a light microscope. As in the enzyme immunoassay (EIA), the fluorescent-labelled antibody is
allowed to bind to the first antibody- AP protofibril form protein complex. After 15 washing the unbound
reagent, the remainingsiernary complex is themexposedin light of the appieprate- wavelength, and the

fluorescence ofseryed.indicates é%%_pr%%%%%%g&th% gg%grggglm%gro'é%é sgence gnd EIA

techniques are both very well established in the art an articu fred 20 for the present

method. HoweVéE GtREF FéorterRdIeEGIes  sdctt As rathois ofdps: themillnihBsEeito6r
bioluminescentimolecidessnay adse berempoyed.:lt willhe readily apparenitosthesskilleghartisan how
to vary the pro I it the required use. 25In anpther embodiment, the sample to be tested (e.g.,
human blogod o%%%%r%%ﬁg cgﬁtraeiﬁ?ﬁlgng A%Oprjéféc?ffb%ﬁgf%rmc)oﬁf}a%/ugég usné E% a?s?r?g }éysitgzlmmunoassay
wherein it is adheted 26ta solid stbstraié dithet covatently ohaoREovalentlyf ARbuniabeled anti- AP
protofibril protein, 30antidedy. is brought inta contact with the sample bound on the solid substrate.
After a suitable period of incubation, for a period of time sufficient to allow formation of an

antibody-antigen binary compleX & SeContramissdy, jabafled Wit & rEBGHRBr fiblddifle Tapable of
inducing a detettable>signaleis ther addethandincubiationis contiued allowing Biiffitisnt time for the

formation of a terpar-egmplex of Saatigen-antibodyslabeled antibody. For the singlg.site,immunas

say, the second antiboggl may be a general antibo%lg(i.e., zenogeneic antibody to immunoglobulin,

particularly anti(GRF AndAgG) iinked 18 8 1eporter Hidlktule) that i€ capab 8f Biffdifig & antibody that
is specific for therARx2eprotofibelepratein fofmPokimerest.” s A 1803:likeantbody nsay take one of

numerous forms-knownin the ait. Antibgdies mayjtake theform. of any. typs of releyant antibody
fragment, antib,od%/ bindingfortion, specific binding member, a non-protein synthetic mimic, or
bu not mited to an ELISA assay, & radioilmmung assay, a

15  Western blot analysis, any homogenous assay relving on a
detectable biological interaction not regquiring separation
or wash steps {e.g., =see AlphaScreen from PerkinElmer)
and/or SPR-based technology {(2.g., see BIACore)). Compounds
and/or peptide vaccine candidates identified through use of

20 a 13C3-like antibody may be detected by a variety of assays.
The assay may be a simple "ves/no" assay to determine
whether there i1s a change in the ability to form the known
antibody/antigen complex, or may be made guantitative in
nature by utilizing an assay such as an ELISA based assay, a

25 homogenous assay, or an SPR-based assay. To this end, the
present Iinvention relates to any such assay, regardless of
the known methodology employed, which measures the ability
of & test compound tc compete with 13C3-like antibody, to an
appropriate peptide or protein mimetic of the amino terminal

30 portion of a 13C3 epitope of the PF form of AR peptide.

The antibodies described herein may be used as the

basic reagents in a npumber of different immuncassays to
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15 any other relevant terminology known in the art which refers to an entity which at least substantially
retains the binding specificity/neutralization activity. Thus, the term "antibody" as used in any context
within this specification is meant to include, but not be limited to, any specific 20 binding member,
immunoglobulin class and/or isotype (e.g., IgGL, IgG2, 1gG3, IgGo IgM, IgA, IgD, IgE and IgM); and
biologically relevant fragment or specific binding member thereof, including but not limited to Fab,
F(ab")2, Fv, and soFv (single chain or related entity). Therefore, it is 25 well known in the art, and is
included as review only, that an "antibody" refers to a glycoprotein comprising at least two heavy (H)
chains and two light (L) chains interconnected by disulfide bonds, or an antigen binding portion
thereof. A heavy chain is comprised of a heavy chain 30 variable region (VH) and a heavy chain
constant regioniéCak2H2 antk0H3} sAdight €hain sBcamprised:afia lightehamn \ariable segion (VI) and
a light chain copstant region (CL)., The variahle regions of bhath the heavy and light chains comprise
framework regi(%%i1 E\?\I‘R);%gggr%% gmgﬁteaa?i{ti/nc?éter%ienir?é%étg%%ﬂé@(scﬁ%. e f%ﬁ?%%ﬁciegions are
relatively converded While COREregiths (EBRICEDR2-and"CERSY5 reépraséht hypervadiable regions

and are arrangedfremdNHAterminus tosthe O terminus asdellows-FWR1, €BRY: EWR2, CDR2,
FWR3, ODRS, FW§4. ggg \% able regions f the heaV)d/ and li r%t Q%ains contain atb.iggi‘pg domain that

i
interacts with a%sasntll/gen whi éé,a dsejbré%d%ngs 0 t?h(.la"r?gtcl)ltlglcﬁ)e? e 1 c&nsetaﬁ?rr]egi%ﬁ%g) rlnay mediate the

binding of the iffAinogdbtifin-to Host fis§ies bF fadiors CPREESATH Wsirciddéed #f e fvorking
definition of "aniibodymiase chirericrantibodiesthumanizedantibodies, & recombinagnt antibody, as

human antibodi nerated fro transgenic 15 non-human animal, as well as antibodies selected
e, 9ERELAEE, r@ﬁur%, el @L“ S0 83 AN

;
o T . ; o ; .
from libraries using enrichment technologies available o the artisan. Anct)l%%d?/ fragmentsyare obtained

using techniqués $é&dily’kndiWh BhcPaviaildtie t¢ thoser 6REFdiRaryeskifl in thie artoas vé&vieived below.
Thereforej@n "antibodyt isary 2Qsuchentity-onspeciic bindingnnembektwhich specifically binds the
conformational eLpiEOAQ of the proto itjlz)ril formp of AQ, as dfscribfd herein, Therefore, the term "antibody"
describes an irr%)m%no% obu |P1}, whether natural or%%arﬁ{} o(?’whof?y s@nﬁf?gﬁéé@‘pr(%c?ur&a&gany
poiypeptide or PFOYEIR- 28 HaiAl a BINdRG domam-wireh ist origsubstadtally Romoiegsds to, an
antibody binding.gemain.These; canhe-dedved from naturad sources; @r they may-he parly or wholly
synthetically prggu%%g. Exam I%s gf a Eibodi s are the immunoglobulin isotypes and their isotypic
subclasses; 30 fragmeﬁts WE%’] gor%%%s_e %nnggntfé)gﬁ %?r%lﬁqgll t@ﬁm?ébﬁ 3&% nés E‘é{g?%é‘ \e/,' Fv, dAb, Fd
and diabotfles, A<t discassed Withcutlipgitatiors infra Citis kHown fitthefaitahaci it time

sufficient to allow formaticn of an antibody-antigen binary
complex, a second antibody, labeled with a reporter nolecule
capable of inducing a detectable signal, is then added and
incubation is continued allowing sufficient time for binding
20 with the antigen at a different site and the formation of a
ternary complex of antibody-antigen-labeled antibody. Any
unreacted material 1s washed away, and the presence of the
antigen 1s determined by observation of & signal, which may
be guantitated by comparison with a control sample
25 containing known amounts of antigen. Variations on the
forward sandwich assay include the simultaneous assay, Iin
which Dboth sample and antibody are added simultaneocusly to
the bound antibody, cor a reverse sandwich assay in which the
labeled antibody and sample to be tested are first combined,
30 incubated and added to the unlabelled surface bound
antibody. These technigques are well known to those skilled

in the art, and the possibility of minor variations will be
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possible to manipulate monoclonal and other antibodies and use techniques of recombinant DNA
technology to produce other antibodies or chimeric molecules which retain the specificity of the original
antibody Such techniques may 5 evolve introducing DNA encoding the immunoglobulin variable
region, or the complementarity determining regions (CDRs), of an antibody to the constant regions, or
constant regions plus framework regions, of a different immunoglobulin. A nybridoma or other cell
producing an antibody may be subject 10 to genetic mutation or other changes, which may or may not
alter the binding specificity of antibodies produced. Antibodies can be modified in a number of ways,
and the term "antibody" should be construed as covering any specific binding member or substance
having a binding domain with the 15 required specificity.Thus, this term covers antibody

fragments, deriva@ifes functitridlegivaleftsandsiomolsgaesof "afitibodytineludinganypohpeptide
comprising an imeumoglobuindinging domain, whether:natyralor wholly.oripartighy. syathetic. Such
an entity may bteegh%% bilréding fragment encompassed within the term "antigen-binding portion" or
"specific binding member of an antibody including but not limited to (i) a Fab fragment, a monovalent
fragment consisting éfthe Vi \Aa Etiand &H domains; {iifa F(aby2 fraghvent, sohivalart fragment 25

comprisingstwodrab fragments;linked by a disuffide bridge af the hinge regien; iiyadd fragment
consisting of the VII and CH domains; (iv) a Fv fragment consisting of the VL and VH domains of a

single arm of ah AHBEHy°RAG GAbHragiet: which E8mpFES S ViH tohidift; (vi)"ai fsoldted 30
complementarityudetermirding region: (CDR)((viikaiscAb' zar antibedy feagment containing VH and V0L

as well as either CL.qr; CHand (vili) artificial antibodies based, ypon pratein, scaffolds, including but
not limited to fibronectin type Il bolypeptide antibodies (e.g., see U.S. Patent No. 6, 03,199, issued to
Koide on Marck'9,"%004 &4 PEFintetnatibRal ApPlicaticts PUbfiEafich Nd MO B2139925).

Furthermdfe, Saltholgh thertwo domairisofstheiBy fragment, VE and¥ ) \are todeddor hy separate
genes, they cap e joined, uging.recombinapt methods, by & syathetic linker taf gpables them to be

made as a single protein chain in which the VL and VU regions pair to form monovalent molecules
(known as singfé 10thaTT By &erv)JY 1000 o ehibadifient, thevErable fighP it E redion for the
isolated 1303 qrcl3@3-dikelantibodiesaf the preésentipventionmanay sompriseteel i3 aming acid peptide

sequence (SEQdQelél,O: }§%My9h !ﬁgggo%d %@r%%%g@ég,pagr any other surfaces
15 suitable for conducting an immunoassay. The binding
processes are well known in the art. Following binding, the

solld phase-antibody complex is washed in preparation for

the test sample. 2An aliguot of the body fluld containing a

AB protofibril form to be tested is then added to the solid

20 phase complex and incubated at 25°C for a period of time
sufficient to allow binding of any AP protcofibril form

protein present to the antibody specific for the AP
protofibrili form. The second antibody 1s then added to the
solid phase complex and incubated at 25°C for an additicnal
25 period of time sufficient to allow the second antibody to
bind tc¢ the primary antibody-antigen solid phase complex.
The second antibody is linked to a reporter molecule, the
visible signal of which is used to indicate the binding of
the second antiboedy to any antigen in the sample, By
30 “reporter molecule”, as used in the present specification is
meant a molecule which by its chemical nature, provides an

analytically detectable signal which allows the detection of
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15 nucleotide sequence (SEQ ID NO: 6): Asp Val Val Met Thr GIn Thr Pro Leu Ser Leu Pro Val Ser
Len Gly Asp Gin Ala Ser lle Ser Cys Arg Ser Gly Gin Ser Leu Val His Ser Asn Sly Asn Thr Tyr Leu His
Trp Tyr Leu Gin Lys Pro Sly GIn Ser Pro Lys Leu Leu lle Tyr Thr Val Ser Asn Arg Phe 20 Ser Giy Val
Pro Asp Arg Phe Ser Sly Ser Gly Ser Gly Ser Asp Phe Thr Leu Lys lle Ser Arg Val Glu Ala Glu Asp
Leu Sly Val Tyr Phe Cys Ser GIn Asn Thr Phe Val Pro Trp Thr Phe Sly Sly Sly Thr Lys Len Glu lle Lys
Arg (SEQ ID NO: 5)
GATGTTGTGATGACCCAAACTCCACTCTOCCTGOCTGTCAGTCTTGGAGATCAAGCCTOC 25
ATOTCTTGCAGATCTGGTCAGAGCCTTGTACACAGIAATGGAAACACCTATTTACATTGG
TACCTGCAGAAGCCAGGCCAGTOTOCAAAGCTCCTGATOTATACAGTTTCCAACCGATTT
TCTGGGGTCECOBACAGEF TCAGTEGLAGTGBATCAGGGTCAGATITCACACTEERAGATC
AGGAGAGTGGAGLGE GAGERATOTIGGEAGT ERAT 3T GG CI LG ECAAAATACATI TGHECCT
TGGAGGITCG&E&C@AG@%QgiCéAGi%TQg;@A%Ag%AA GG (SEQ %D NQ: @L‘?’Q Ina further
embodiment, the variable heavy %VlﬁJ) region for fhe |so’latelgl 7303 9r 1303-Tike a‘nt}bodies‘ of the
present inventihSprayCorhpFisé-a P15 @i atitlpeplid€ Segtehte (SEX IB NO* T #ittoded by a
345 base mair nuelestidesequeneeSEQID N&iE): Ginndal-GCitmken Ginai Seewly Pro Gin Len Val
Arg Pro Gly Vac,!m elrg\éal Lys lle Ser Cys Lys Gly Ser Gly Tyr Thr Phe Thr 5 Asp Tyr Ala Met His Trp
Val Lys Gin Ser His Alré'Lys Ser Len Gin Trp lle Gly Val lle Ser Thr Lys Tyr Gly Lys Thr Asn Tyr Asn
Gin Lys Phe Lys Gly T§% Al@SthravEEThriVal¥&sp E§8SELSefSet ThrsAlalFyrMet Ghyben Ala Arg

Len Thr Ser GlurAgp Ser Alaclle TykhyrSysda Avg Gly:AspAsp&ly TyrrSenrp10:GhrGin Gly Thr
Ser Val Thr Val §eerﬂ§erm(éSE§HADnNaO: % - s cons L ro t n
CAGGTCCAGETCOACCACT CHECEE TS ACHTE CTE AR EET B CETEICAGTERAGATT
TCCTGCAAGEETPCEGGTTAC ACATTEXCTE AT FATCE FATGE ACTEECITBAAGCAGAGT
CATGCAAAGAGTCTAGAGEGGAT T&GAGTIAT,TAGTACTAAGT AGGT AAGAGAAAGTFAC
AACCAGAAGTT%@A%G_G%AGG CACAATGACTGTIGA AAT@_LTC%TOCAV%CAPQQKAGVQCTAT 15
ATGGAGCTTGCCAGATICACATOTCAGEATTOTEECATETATTACT STG CAAGAGEEGAC
GATGGTTATTCCTGEGETCAAG GEACETCAGTEATCGTCTECFCATSER 1D NOv'gFe  In a further
embodiment, the frarpewnik regions; EAVR L, BWR2s EWR3cand FWR4: of the M ehaingnay be

comprised of 20 ami id set forth in SEQ 1D NO:9, SEQ ID NO:10, SEQ.ID NQ:11, and SEQ ID
NO:12, resﬁsect%e yfgjaﬂs{%glfgv%s:pﬁgpsgﬁdi%ge I‘\'/IetaL ﬁ?%iﬁ T Pro Lilr(.;l‘l §ers%1e3rs1 rac%\e/gl er Len Gly Asp
Gin Ala Ser lleSer'G§& Afg Ser &y (SEQIDRO DY IEA HIS Trg TR1ER GirLysTProfGly Gin Ser Pro

Lys Len Len 25lie: Tyr (SE€ IBNOud®); nydrolysis by the corresponding enzyme,
of a detectable color change. For example, p-nitrophenyl
phosphate is suitable for wuse with alkaline phosphatase

20 conjugates; for peroxidase conjugates, 1,Z-phenylenediamine
or toluidine are commonly used. it 1is alse possible to
empioy fluocrogenic substrates, which vyield a flucorescent
product rather than the chromogenic substrates noted above.
In all cases, the enzyme-labeled antibody 1s added to the

25 first antibody- AP protofibril protein complex and allowed
te bind to the complex, and then the excess reagent 1is
washed away. A  solution containing the appropriate
substrate is then added to the tertiary complex of antibody-
antigen-labeled antibody. The substrate reacts with the

30 enzyme linked to the second antibody, giving a qualitative

visual signal, which may be further guantitated, usually
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Asn Arg Phe Ser Gly Val Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Ser Asp Phe Thr Leu Lys lle Ser
Arg Val Glu Ala Glu Asp Len Gly Val Tyr Phe Cys (SEQ ID NO: 11); Phe Gly Gly Gly Thr Lys Len Gin
lle Lys Arg (SEQ ID NO: 12). 30Inafurtherembodiment,thecomplementarity determining regions,
CDR1, CDR2, and CDR3, of the VL chain may be comprised of the amino acids set forth in SEQ ID
NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, respectively, as follows: Gin Ser Len Val His Ser Asn Gly
Asn Thr Tyr (SEQ ID NO: 13); Thr Val Set (SEQ ID NO: 14); Ser Gin Asn Thr The Val Pro Trp Thr
(SEQ ID NO: 15). In a further embodiment, the framework regions, FWR1, 5WR2, FWR3, and
FWRA4, of the VH chain may be comprised of 5 the amino acids set forth in SEQ ID NO:16, SEQ ID
NO:17, SEQ ID NO:18, and SEQ ID NO:19, respectively, as follows: Gin Val Gin Dec Gin Gin Ser Gly
Pro Glu Leu Valragy ProIGlyovalk Sefdal Lystie Ser€ysL & SESIDPNG:I16)ke MetHis Trp Val Lys
Gin Set His Ala kysreetbeu:Gisk Trx lle A0GH-Val (SEQ H2NQ: d0yAla Thr Met Thr Val Asp Lys Ser
Ser Ser Thr Ala Tyr Giu Leu Ala Arg Leu Thr Ser Giu Asp Ser Ala lle Tyr Tyr Cys Ala Arg (SEQ ID
NO: 18); Trp Giy Gin’%i%/lﬁ?%%irﬁyél Thr alf%reer%gPESEQ I%)81:111% 15 Insé}/?&rther émbodiment,
the complemeritatity determining regionsCDR1, CBR2 band CBRB; df the \FSwhdf may be
comprised ©f the,aming:acidssetforth in SEQIRNQ20, . SEQ Ha:iNQ:22-55Q4D. N@:22; respectively,

s ol Ol S oML T Phe, T I Ao SO ANG: 20, 25l S Ty g T G Ly
wavelength, the fluorochrome-labeled antibody absorbs the
light energy, inducing &a state of excitablliity in the
molecule, followed by emission of the light at a

10 characteristic longer wavelength. The emigsion appegars as a
characteristic c¢olor wisually detectable with a light
microscope. As 1in the enzyme immunoassay (EIA}, the
flucrescent-labelled antibody is allowed to Dbind to the
first antibody- AP protofibril form protein complex. After

15 washing the unbound reagent, the remaining ternary complex
is then exposed to light of the appropriate wavelength, and
the fluorescence observed indicates the presence of the
antigen. Immunofluorescence and EIA technigues are both very
well established in the art and are particularly preferred

20 for the present method. However, other reporter molecules,
such as radiocisotopes, chemiluminescent or Dbioluminescent
molecules may also be employed. It will be readily apparent
t0o the skilled artisan how tTo vary the procedurs o sult the
required use.

25 In another embodiment, the sample to be tested {(e.g.,
human blood or spinal fluid containing a AP protofibril
form) may be used in a single site immuncassay wherein 1t is
adhered to a soplid substrate either covalently or
noncovalently. An unlabeled anti- AP protofibril protein

30 antibody is brought into contact with the sample bound on
the sclid substrate. After a suitable periocd of incubatiocn,

for a periocd of time sufficient to allow formation of an

96-



Gly Asp Asp Gly Tyr Ser (SEQ ID NO: 22). Polycional or monoclonal antibodies for use in the
disclosed treatment methods may be raised by known 25 techniques. Monospecific murine (mouse)
antibodies showing specificity to a conformational epitope of a target of choice may be purified from
mammalian antisera containing antibodies reactive against this region, or may be prepared as
monoclonal antibodies using the technique of Kohler and 30 Milstein (1975, Nature 256: 495-497).
Monospecific antibody as used herein is defined as a single antibody species or
multipleantibodyspecieswithhomogenousbinding characteristics, such as the mouse monoclonal
antibodies exemplified herein with the 1303 series of monoclonal antibodies.Hybridoma cells are
produced by mixing the 5 splenic lymphocytes with an appropriate fusion partner, preferably myeloma
cells, under conrditionsdyhichtwilkalldvirthe formatior :of stalde dwybridomas:cikhe splenic antibody

producing cells,ang myeloma cells are fused..selected, and screened for antibody. produgtion.

Hybridoma cells from_ 10 antibody positive wells are cloned by a technique such as the soft agar

technique of Ma¢PRRrsont f1975 SGHPAGar FRChMIGER i Fisstie CRilre Mrthdds 8K& Applications,
Kruse and Patersdni Eds)tAcatdemic Press)e Momodonahantibodies aregproduced irvivotby injecting

reSpECﬂveS antigen-antibody-labeled antibody. For the single site
immunassay, the second antibody may be a general antibody
{i.e., zenogeneic antibody to immunoglobulin, particularly
anti-{I¢gM and IgG) linked to a reporter molecule) that is
capable of binding an antibody that 1is specific for the AP
10. protofibril protein form of interest.

A 13C3-like antibody may take one of numerous forms
known in the art. Antibodies may take the form of any tvpe
of relevant antibody £fragment, antiboedy Dbinding portion,
gpecific binding member, a non-protein synthetic mimic, or

15 any cother relevant terminology known in the art which refers
o an entity which at least substantially retains the
binding specificity/neutralization activity. Thus, the term
“antibody” as used in any coniext within this specification
is meant to include, but not be limited to, any specific

20 binding member, immunoglobulin class and/or isotype (e.g.,
IgG., IgG., IgGs, IgGs, IgM, IgR, IgDh, IgE and IgM); and
biclogically relevant fragment or specific binding member
thereof, including but not limited to Fab, Flab')2, Fv, and
scFv  (single chain or zxelated entity). Therefore, i1t is

25  well known in the art, and is included as review only, that
an *antibody" refers to a glycoprotein comprising at least
two heavy (H) chains and two l1ight {L) chains inter-
connected by disulfide bonds, or an antigen Dbinding portion
thereof. A heavy chain 13 comprised of a heavy chain

30 wvariable region (VH) and a neavy chain constant region (CHL,
CHZ2 and CH3). A light chain is comprised ¢f a light chain

variable region (VL) and a light chain constant region (CL}.



15 hydridoma cells into pristine primed mice, collecting ascite fluid after an interval of time, and
prepared by techniques well known in the art. Beyond species specific monoclonal antibodies
described above, the antibodies of the present invention may also be 20 in the form of a "chimeric
antibody", a monoclonal antibody constructed from the variable regions derived from say, the murine
source, and constant regions derived from the intended host source (e.g., human; for a review, see
Morrison and 0i, 1989, Advances in Immunology, 44: 65-92). 25 For example, the variable light and
heavy DNA sequences (e.g. SEQ ID NO: 6 and 8, respectively) from the rodent (e.g., mouse) antibody
may be cloned into a mammalian expression vector. These light and heavy "chimeric" expression
vectors are cotransfected into a recipient cell 30 line and selected and expanded by known
techniques. Thixeelltme atayetherbiesabjedtedta known célkeulturetéchhigies, résulting in

production of both.the light chain.andiheavy. chain of a shimeric.antibody, such,chimeric antibodies
have historical%é)een shown to have the antigen- binding capacity of the original rodent monoclonal

while significantf§¥edlicing SmmiGAdG&Hicity problems upch hbEPS administFAEIN"® Afdyical
improvement tg thie chimeéyiccanmtiizadyeds el rufiaRizedyantibodg'Athichiaguably féduces the

chance of the patientJpounting, animMLNErespense against a therapeutic, antingdy, whan compared to
use of a chimeric or 10 full murine monoclonal antibody The strategy of "humanizing" a murine Mab is

based on replabfid ahiifio dtid Y&sidtil wifitR dittér font o i thie Fidman Sequentess by site
directed mutagén@sis éfindivideaBresidiies. or hngrafting of lentire cormple mientasty ldeteymining

regions 15 (Jongs:et;aly; 1986, Nature 3211::522-526).; This teChnolagy is:again;now,well known in the
art and is represented brY numerous strat(_,a%ies to improve on this teghnolo_gy; namely byéimplementing
strategies includiig, b nofithitddto, *&shaping *FEEEV&thoyen "éFal. "TO88 8 cience™239: 1534-
20 1536) %hyperchimerizatiopd {seéQueem et ametd8tsProchMNatl. vAcadn§ci. 88:28692873) or

"veneering” (Mapk, gfal.,-k994 Derivation of Therapeutically Active Humanized and Yepeered
anti-CD18 Antibodies Metcalf end Dalton, eds. Cellular Adhesion: Molecular Definition to Therapeutic

25 Potential. N&R Y8R Plenlim Préss, D91-51%). THddd strtBgie’all indbive 5 ¢ome®d&gree
sequence compatisen between rodertandhumanzeguencedtal determime whether specific amino

acid substitutiops fiem.a rodent tq.human-consensus is approprate: Whatever the variations, the 30
central thelgwe involved in generating a humanized antibody relies.on CDR rafting, where these three

antigen binding’Sted 6t both the light 3hd H&avy chiin AFe efRtialy Setected from

libraries wusing enrichment technologies available to the
artisan. Antibody fragments are obtained using techniques
readily known and availlable to these of ordinary skill in
the art, as reviewed below. Therefore, an “antibody” is any
20  such entity or specific binding member, which specifically
binds the conformaticnal epitope of the protofibril form of
AP as described herein. Therefore, the term “antibody”
describes an immuncglcobulin, whether natural or partly or
wholly synthetically produced; any polypeptide or protein
25 Thaving a Dbinding domain which 1s, or 1s substantially
homologous to, an antibedy binding domain. These can be
derived from natural sources, or they may be partly or
wholly synthetically produced, Exsmples of antibodies are
the immunoglobulin isctyvpes and their isotypic subclasses;
30 fragments which comprise an antigen binding domain such as
Fab, scFv, Fv, dab, Fd and diabodies, as discussed without

limitation, infra. It i1s known in the art that i1t is



removed from the rodent expressing antibody clone and subcloned (or "grafted") into an expression
vector coding for the framework region of the human antibody. For example, utilizing the above
techniques a humanized antibody 5 may be expressed wherein the ODR1, ODR2, and CDR3 regions
of the variable light chain are set forth in SEQ ID NOS: 13, 14 and 15, respectively, and the CDR1,
ODR2, and CDR3 regions of the variable heavy chain are set forth in SEQ ID NOS 20, 21 and 22,
respectively. Therefore, a "humanized antibody" 10 is effectively an antibody constructed with only
murine CDRs (minus any additional improvements generated by incorporating one or more of the
above mentioned strategies), with the remainder of the variable region and all of the constant region
being derived from a human 15source. The present invention also relates to isolated nucleic acid
molecules and B@8belated Gminé it seguereas which relane toothe VHaand/erdle egions of the 1303

antibody, and meee spegificallys an isolated susleis acidimalecerpolynyclegtide) engading a

biologically relev&rg ortirci')tni%fO 3130:33’ or aﬁiggymrg%tugedm\é%%sé%q or otgfe:{wki]se gngtatgd vtersion of 1303,
1D1, 19A6 or other 303-ike anjfi(f)ody.tl'hesei nucléic acids are substén%ally freé tomother nucleic

acids.For most ¥6sinELptpbses, DNA isal 25 préfepred hadleic atitThéseDNAmdlettiles may be

subcioned into ancexpressionyectarAnshsubsequently transfectad. ntoahostcellof shoice wherein
the recombinant hast cell roy:i es a source f0£ subéstan ial levels of a relevant Sport(i:%rg{ of the 1303,
1D1, 19A6 or 1305-40 : 61-, or 1§R@Hﬁ%mﬁﬁt|€5éy}’or a‘ffﬁﬁﬁ?jrﬁéﬁﬁeﬁ Vérsion theteot. Such
procedures maybetdséd foraiaricty ofeitifies tsudh as geretating scRVStamfor teséspressing these
VH and VL chains:in & mammalian-exprassjon.ector systemawhichghcadeshuman CH and CL
regions, of say, a J% O%Qti%gdg.t Ehe d%%‘ineracg of_:tge gaenetictcgdg IS suchghat, fgr, alltbut two
amino acids, more than a singlé codon 5 encodes a particular amino acid. 1 his alfows T6r the
constructiéh of Bynefetic: DNAHHaténcodes art aptiboliywiahe préseht imeention Wherartie nucleotide

sequence of the systhetic DNA differscsignifisantly fram the nucleatide, sequenges disclased herein,
but still encode&sﬁu@ogQ 10 aQtibggymgglcPi%)Qthtic DNAms areoigtended to Eg vg'ghin the scope of the

present invention. T 115 desired t6 express stch syrthétic DNAS in & partictiar host ¢éif Or organism,

the codon usagerof s0eREynthetic PNAS capiche Bdjested o refiecithedcodon usage of ivat particular
host, thus 15 leagdiag ie higheelevels of expressionofthe an antibody ofdhe presentinvention. In other
words, thi%redtéréd%g%ciln tgeé/alrifoiusi%odons hng co %f%r S[gecijnic %rgifno acidéfnig,\gggin the scope
of the present invention. The}?elgore, this’invention 1§ ‘als6 directed 1o tho8é DNA seqﬁencgs which 20
encode RNA cAfpiietic alternative-coddns which dode fortheleventualiiranstation of telidentical
amino acid, as shewn pelow: AzAla=Alaningsegdons GEALEE, GaGy GCLL GTeysT&ysteine:
codons UGC, %%U'rggAsgzégpg{g%c r<§1g,i(1:ﬁ%)odpns GAG, GAD %ﬁ%u:%ggcahrgic acid: codons GAA,
GAG,; 25 F:Phe:%enyjféjl nine: codlqngg (]f, ﬁJnUl?; (%:hﬂl?/:%ﬂycme’: codons éGIA,“@ , GGG, GGU,;
H=His =Histidir&: cotohsYCAC, AD #2H¢ =f6leteines codGHSAUR, AUG:ADDaK=p§s4 ysine:
codons AR, AlGkrkeurketeing: cadonsibiliA-BUG: EMA, CUG CUGCURMsMet=Methionine:
codon AUG; N%@%Bfﬁgppag%@:[lgﬁ‘poggnﬁs%éc%fic binding member®™ of an antibody

including but not limited to (i) a Fab fragment, a

monovalent fragment consisting of the VL, VE, CL and CH

domains; {1i) a F{ab")z fragment, a Dbivalent fragment

25 comprising two Fab fragments linked by a disulfide bridge at

the hinge region; (1ii) a Fd fragment consisting of the VH

and CH domains; (iv) a Fv fragment consisting cf the VL and

VH domains of a single arm of an antibody (v) a dab

fragment, which comprises a VH domalin; (vi) an disolated

30 complementarity determining region (CDR)Y; (vii) a 'scAb', an
antibody fragment containing VE and VL as well as either CL

or CH;y and (viili) artificial antibcdies based upon protein

.29



30 CAC,; P=Pro=Proline: codons CCA, CCC, CCG, CCU; Q=GIn=Giutamine: codons CAA, CAC;
R=Arg=Arginine: codons ACA, ACC, CGA, CGC, CGG, CCU; S=Ser=Serine: codons AGC, AGU,
UCA, UCC, UCG, UCU; T=Thr=Threonine: codons ACA, ACC, ACC, ACU; V=Val=Valine: codons
QUA, QUO, GUG, GUU; W=Trp=Tryptophan: codon UGG; Y=Tyr=Tyrosine: codons UAC, UAU. Such
recombinant expression vectors may then be stably 5 or transiently transfected into an appropriate cell
line for the generation of alternative antibody form. The present invention notes the existence of
codon redundancy which may result in differing DNA molecules expressing an identical antibody or
portion thereof (e.g., 10 alternative nucleic acid molecules encoding an identical soFv or a VH and/or
Vi portion of an IgG). For purposes of this specification, a sequence bearing one or more replaced
codons will be defihéd!as a degenerate variationt Ahothéesotirce-obsegaenée varizgiohlray occur

through RNA egiting,<kb Such-RNAggiting may;resultin anethes fermoficodon redundancy, wherein a
change in the open reading f me doe% not resktljlt i& anz%lgeélred amin}g)cz%}cidI r%sidue in thelexpressed
protein. Also inéfusdlé?cij within %lsgop% of this TveRtion-are mitations eithel iy the Bﬁﬁasequence or
the translated 9@ahiibodyanhichiimprove the ultimaté'physical properties of thid expressed antibody.

To this end; the presertinventiondelates ta {i) affinite matured.versiens of a;1303/like andibody,
including but not Iémited ) 135)3, 1%A6 ar;_c{i_:‘ lDle,nand/ort ii% mugatgd {)orms, OQ,fna 1303-Iiker1 antibody,
including 25 but Mo |mﬁed to fBO%,I?L@rA% andfor Tﬁl, INnc quingabut not Ii?nife&% oné or more
mutations in the CRRALTGDR2Z'ah/sIFE DR régidns ds:génerdtedathrdigh keown affirfiematuration
methodology apd rggombinant:DNAsteghniques known-forintreduging-site spegificipytation. Such
isolated or 30 p:uerifiiednguclgiqf a%ig n%%Ier%ngs wilflarle rggsc?nntlt\:gctzau\feHSan(q(/gr‘}I/I pggtiosnsnof a 1303-like
antibody.These RaclieiC atids aresu s?antla(flrf/ofree fom other nucleic' 4CiaSFor mdst %}oning
purposes,IDNAcEa prEferfedFiticleic acid. These DNA molecules may be subcloned into an
expression vector andsubsequently: transfecteddnto a hest gelt ofghoicerwherein the regombinant
host cell providgs 3 SOUree.for sUBsantal 505 1ike anviboaies of the present
invention may comprise a 113 amino acid peptide seguence
(SEQ- ID NOC: 5y which i1s encoded by a 339 Dbase pair

15 nuclectide sequence (SEQ ID NO: 6):

Asp Val.Val Met Thr Gln Thr Pro Leu Ser Leu Pro Val Ser Leu
Gly Asp Glin Ala Ser Ile Ser {ys Arg Ser Gly Gin Ser Leu Val
Eis Ser Asn Gly Asn Thr Tyr Leu His Trp Tyr Leu Gln Lys Pro
Gly Gln Ser Pro Lys Leu Leu Iile Tyr Thr Val Ser Asn Arg Phe

20 Ser Gly Val Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Ser Asp
Phe Thr Leu Lys Ile Ser Arg Val Glu Ala Glu Asp Leu Gly Val
Tyr Fhe Cys Ser Gln Asn Thr Phe Val Pro Trp Thr Phe Gly Gly
Gly Thr Lys Leu Glu Ile Lys Arg (SEQ ID NO: b)

GATGTTGIGATGACCCAAACTCCACTCTCCCTGCCTGTCAGTCTTGGAGATCAAGCCTCC
25 ATCTCTTGCAGATCTGGTCAGAGCCTTGTACACAGTAATGGAARACACCTATTTACATTGE
TACCTGCAGAAGCCAGGCCAGTCTCCAAAGCTCCTGATCTATACAGTTTCCAACCGATTT
TCTGGGETCCCGGACAGGTTCAGTGGCAGTGGATCAGGETCAGATTTCACACTCAAGATC
AGCAGAGTGGAGGCTGAGGATCTGGGAGTTTATTTCTGCTC TCARAATACATTTGTTCCT
TGGACGTTCGGTGGAGGCACCAAGCTGGARATCAARCGEG (SEQ ID NO: 6)
30 In a further embodiment, the variable heavy (VH) region

for the isolated 13C3 or 13C3-like antibodlies of the present

invention may comprise a 115 amino acid peptide seguence



5 levels of a relevant portion of a 1303-like antibody, or affinity matured version thereof. Such
procedures may be used for a variety of utilities, such as generating scEivs or for co-expressing these
VH and VL chains in a mammalian expression vector system which encodes human CH and CL 10
regions, of say, an IgG antibody. The present invention also relates to recombinant vectors and
recombinant hosts, both prokaryotic and eukaryotic, which contain nucleic acid molecules encoding
the respective heavy and/or light regions of a 1303-like 15 antibody. These nucleic acid molecules, in
whole or in part, can be linked with other DNA molecules (i.e., DNA molecules which encompass
immunoglobulin genes used for generation of a recombinant human antibody) that are not naturally
linked, to form "recombinant DNA molecules" which 20 encode a respective human recombinant
antibody. TheséSrctof$ méy be comprisedef DNA orRNAS Foranest ekoningrpurpesesd®NA vectors
are preferred. Typicaluectossdnelyde-plagmids, modified viruses, bacteriophage, cosmids, yeast
artificial chromosomes, and other forms of episomal or 25 integrated DNA. It is within the purview of
the skilled artisaftoVdetefringé-an agpropriaté vectornfoP acparticulegéife transferr gefération of a
recombinant hwmansantibody ar ethercuse:Methodsyef sulclesing:nwcleie acit-melecutes of interest

into expressiorsvecteys, transforming or 30 transfegting hast gells containing the vectors,,and methods
of making subsiatiall, pyte. pratein compyising fhe.steps of inftoduging fhe fespeclive cxpression
vector into a hast_cell, and cultivating the host cell under appropriate conditions are WeYﬁmown. The
antibody (such’a¥'afi 1§G-Fetom mjég? htimarhtibody) 86 produdéd midy beRarvEstetfrom the host
cells in conventiBhaF&aysAng ot 5ekpressidrtiedior nidy bbdiilizet opractiee 2id portion of
the invention, iReluding anyvetior Gomtaiyingse sutakleGironicter & Gther Bpprépriate-franscription
regulatorylelemerts; Thesmesultiag @xpressiomeonsiructis transfesrgd infora prakaryotic or eukaryotic
host cell to produge AQ-recombinaniaroieit Eressionyeeiors aigdefinad heteinas BNA sequences

that are requiregt oy dhe,ansciiption.of cnsd NA and he Jianslation of el (ORNAS I an

appropriate host. vectors can be use INn a variety of hosts such as

ress eu
bhctona, blue 19 Jrebh ATeRa AT CRTe: et Lolls A Barel G Capah Bned vectors
allow the shutthirg ot EIRATISHVESTF RbREF SUE RS GACTETEL FE a5 1-OF Battéhsaaiimial €8hS. An
appropriatély constibeiad expressionAECtor shotid tontinaanigircafaEplisatandetautonomous 90

replication in hestreehts: sefectabite markersyadimited number of useful restrictionenzyme sites, a
potential for higoh copy number, and active promoters. A promoter is defined as a DNA sequence that

directs RNA polymerase to binddo-DNA&-and initiate RNA syithesis A Srapgaromaten25 is one which
causes rnRNAs to be initiated at high frequency. Techniques for such manipulations can be found
described in Sa%rvﬁ%%’)éokme%%dl. (‘T@%SF Molecdiar Cidning. A Labordtory R/Fanﬁp%ﬂpééﬁfgpﬁrflg Harbor

Laboratory? CotahSpringHdrbes: Nénr York)raré BielHenovt andBiailableto:the, 3G E/RiIsER of ordinary

skill in the art. ExprEsSion v@cters mawinclude,Aut-are notlimited:to; clonipg. vectors, modified cloning
vectors, specifically designed plasmids or viruses.Commercially available mammalian expression
Asp Val vVal Met Thr Gln Thr Pro Leu Ser Leu Pro Val Ser Leu

Gly Asp Gln Ala Ser Ile Ser Cys Arg Ser Gly (SEQ ID NC: 9);

Leuw His Trp Tyr Leu Gln Lys Pro Gly &in Ser Preo Lys Leu Leu
25 Tle Tyr (S8EQ ID NO: 10); _

Asn Arg Phe Ser Gly Val Pro Asp Arg Phe Ser Gly Ser Gly Ser

Gly Ser Asp Phe Thr Leu Lys Ile Ser Arg Val Glu Ala Glu Asp

Leu Gly Val Tyr Phe Cys (SEQ ID NO: 11y;

Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys Arg {SEQ ID NO: 12).
30 In a further embodiment, the complementarity

determining regions, CDR1, CDRZ, and CDR3, of the VL chain
may be comprised of the amino acids set forth in SEQ ID NO:

13, SEQ ID NO: 14, SEQ ID NO: 15, respectively, as follows:

Gln Ser Leu Val His Ser Asn Gly Asn Thr Tyr (SEQ ID NO: 13);
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vectors which may be suitable, include but are not limited to, pcDNA3.neo (Invitrogen), pcDNA3.1
(Invitrogen), pCl-neo (Promega), pLITMUS28, pLITMUS29, pLITMUS38 and pLITMUS39 5(New
England Bioloabs), pcDNAI, pcDNAIlanp (Invitrogen), pcDNA3 (Invitrogen), pMClneo (Stratagene),
pXT1 (Stratagene), pSG5 (Stratagene), EBO pSV2-neo (ATCC 37593) pEPV-1(8-2) (ATCC 37110),
pdBPV-MMTneo(342-12) (ATCC 37224), pRSVgpt (ATCC 37199), pRSVneo (ATCC 37198),
pSV2-dhfr (ATCC 10 37146), pUCTag (ATCC 37460), and 17,D35 (ATCC 37565). Also, a variety of
bacterial expression vectors are available, including but not limited to pCR2.1 (Invitrogen), pET1 la
(Novagen), lambda gtl 1 (invitrogen), and pKK223-3  (Pharmacia).In addition, a variety of fungal cell
15 expression vectors may be used, including but not limited to .
PYES2(Invitrogen)angdPighieexpressionyectar, (Invitrogen). Also, a variety of insect cell expression
vectors may be used, including but are not limited to pBlueBaclll and pBlue8acHis2 (Invitrogen), and
PACG2T 20(Phatmifgén}: ReedmBinantiistEERsaybepFokdrydticey elfkaryotic, including but not
limited to, bacteria such as Eueaitdtingabeels:sueh asneast anammaliar gellsdnclading, but not

limited to, cell lings, of bayine, 23 porging, mankey androdent grigin, and insect cells, Mammalian
species which may be suitable,-26 include but are
5 the amino acids set forth in SEQ ID NO:15, SEQ ID NO:17, SEQ

ID NO:18, and SEQ ID NC:19, respectively, as follows:

Gin Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Val Arg Pro Gly
Val Ser Val Lys Ile Ser Cys Lys (SEQ ID NG: 16);

Met His Trp Val Lys Gln Ser His Ala Lys Ser Leu Glu Trp Ile
10 Gly val {SEQ ID NC: 17);

Ala Thr Met Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr Met Glu

Leu Aila Arg Leu Thr Ser Glu Asp Ser Ala Ile Tyr TIyr Cys Ala

Arg (SEQ ID NO: 18);

Trp Gly Gln Gly Thr Ser Val Thr Val Ser Ser (SEQ ID NO: 13).
15 In a further embodiment, the complementarity

determining regions, CDR1l, CDRZ, and CDR3, o©of the VH chain

may be comprised cof the amino acids set forth in 3SEQ ID

NO:20, SEQ ID NO:21, SEC ID NO:22, respectively, as follows:

Gly Ser Gly Tyr Thr Phe Thr Asp Tyr Ala (SEQ ID NO: 20);

200 Ile Ser Thr Lys Tyr Gly Lys Thr Asn Tyr Asn Gln Lys Phe Lys
Gly Lys {(SEQ ID NO: 21);
Gly Asp Asp CGly Tyr Ser (SEQ ID NO: 22).
Polyvelonal or monoclonal antibodies for use in the
disclosed treatment methods may be raised by known
25 technigues. Monospecific murine {(mouse) antibodies showing
specificlty to a conformational epitope ¢f a target of
cholice may be purified from mammalian antisera c¢ontaining
antibodies reactive against this region, or may be prepéared
as monoclonal antibodies using the technique of Kohler and
30 Milstein (1975, Nature 25h6: 495-497), Monospecific antibody

as used herein 1s defined as a single antibody species or
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not limited to, L cells L-M(TK-) (ATCCCC11.3), L cells L-M (ATCC CCL 1.2), Saos-2 (ATCCHTB-85),
293 (ATCCCRL1573), Raji (ATCC CCL 86), CV-1 (ATCC CCL 70), COS-1 (ATCC CRL1650), 30
COS-7(ATCC CRL 1651), CHO-KI (ATCC CCL 61), 3T3 (ATCC CCL 92), NTH/3T3 (ATCC CRL
1658), HeLa (ATCC CCL 2), 01271 (ATCC CRL 1616), BS-C-1(ATCC COL 26), MRC-5
(ATOO00L171) and CPAE (ATCC CCL 209). Yet another improvement over re-engineered
antibodies as reviewed above is the generation of fully human 5 monoclonal antibodies. The first
involves the use of genetically engineered mouse strains which possess an immune system whereby
the mouse antibody genes have been inactivated and in turn replaced with a repertoire of functional
human antibody genes, while leaving other 10 components of the mouse immune system unchanged.
Such geneticallyenigirieeredamicecatiow fosthechatural inivivo imasmee sespense andcaffinity maturation

process which gegulis in high affinity <fully human mongglonal antibedies Thistechpolaqy is again now
well known in the art and is 15 fully detailed in various publications, incIudFing but not limited to U.S.
Patent Nos. 5,536"8887 6575, 181°6™114598; 6°150,584and Felat&d family Mahisery (issigned to
Abgenix, disclosingitheirsxenoMouse téchnology) as well asv8idRatertyNos! 5:545,806; 5,569,825;

5,625,126:55,633425:20 15489:6900:5,877,:397 -5,66.,016,, 5,814, 318, 5:874.399:and 5,770,429
(assigned to GenPharm :ILnternationag and available throuogr]h Mte,ddrex, und%r the Hmb{?lla of the
"UltraMab Hunb&# Kiftody BEGeEhméit systec5es RS0 4 faliew ot Kelfernian ahd Green

(2002, Curr. OpimtorEirBigtechnolégys 2503¢ 593590 Frsally, téchnignestare avaflablelto the artisan
for the selectiop,of antibedy-fragments; from: librariesusing ensichment technaelpgies, inglyding but not

iimited to phage display, rihosome display (Hanes and Dluckthyn, 1997:20% 115 £rom

10 antibody positive wells are cloned by a technigue sugh as

the soft agar technique of MacPherscn (1973, Soft Agar

Technigques, in Tissue C(ulture Methods and Applications,

Kruse and "Paterson, §ds, Academic Press). Monoclonal

antibodies are produced in vivo by infjecting respective

i5  hydridoma cells intc pristine primed mice, collecting ascite

fluid after an interval of time, and prepared by technigues

wall known in the art.

Beycond species specific monoclonal antibodies described

above, the antibodies of the present invention may also be

200 in the form c¢f a "chimeric antibody", a monoclconal antibody

constructed from the variable regions derived from say, the

murine source, and constant regions derived from  the

intended host source (e.g., human; for a review, see

Morriscen and Oi, 1989, Advances in Immunclogy, 44: 65-92).

25  For example, the wariable 1light and heavy DNA segquences

(e.g. SEQ ID NOC: & and 8, respectively) Irom the rocdent

(e.g., mouse) antibody may be clconed into a mammalian

expression wvector. These light and heavy F"chimerig®

expression vectors are cotransfected intc a recipient cell

30 line and selected and expanded by known technigues. This

cell line may then be subjected to known cell culture

technigques, resulting in production cf both the light c¢hain
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30 Nat. Acad. Sci. 94: 4937-4942), bacterial display (Georgiou, et al., 1997, Nature Biotechnology 15:
29-34) and/or yeast display (Kieke, at al., 1997, Protein Engineering 10: 1303- 1310) may be utilized
as alternatives to previously discussed technologies to select single chain antibodies which specifically
bind to target cytokine. Single-chain antibodies are selected from a library of single chain 5 antibodies
produced directly utilizing filamentous phage technology. Phage display technology is known in the art
(e.g., see technology from Cambridge Antibody Technology (CAT)) as disclosed in U.S. Patent Nos.
5,565,332; 5,733,743;5,871,907;5,872,215;5,885,793;5,962,255; 106,140,471,6,225,447;6,291650;
6,492,160;6,521,404; 6,544,731, 6,555,313; 6,582,915; 6,593, 081, as well as other U.S. family
members, or applications which rely on priority filing GB 9206318, filed 24 May 1992; see also
Vaughn, et el/. 2906 Ratire Bistethiidlogy 127 309:3¢4) 215 Sipgle chaif ‘@Htibsdiesanay also be
designed and canstrsetes-usingaavailable regompinast DNAdechnolagy-such aga DMNA-amplification
method (e.g., PCR), or possibly by using a respective hybridoma cDNA as a template. Single-chain
antibodiescanbbeln%%ﬁ%gorﬁz%%%%ﬁit ,bi\?a entor Zoofceitgé\l}lé%ntFﬁ%ﬁ&eo%féogegagéceweﬁﬁc%ding a
single-chain artibtithf éaa™He Eonsfrieted gsidgmangarorcattomatet Atisfeotith 8ynthesis, cloned into
an expression ganstruet using,standard recombinant DNA methods, and introduced into a cell to
express the coding sgquence, 3s g%s%ggggebﬁgovg.()z&'%hgh% Br.?nséq:qtcin\é%r%til n éurther r%aées to an
antibody-based pharmac%%%a cor‘n%osmon comprising an effective amount & 13C3-like antibody, or
an affinity maturedngersien, vahiehqnevidesa propyIacae or tradpettic Heatmeatenoied to inhibit
fibril and/or senile:plague fornation,3Qasspciated withrAlzbeimeg'sdisgase. Jhe antibody-based
pharmaceutical %omapgsigon of tt%e pr ser‘lv%igr\{ention may, bg Jorurr;télate bay agg ?Qurrgger gf strategies
known in the art f’é.g?,%eé’%/lc%oﬁ and S¢ er, Z%W%olution Formufation o r‘o?eins/F?eptides: In
McNally, BQJ., éd1ProteinRorinulatiorn e Delivery tNeWE Y ork, NY . ¥larcér Dekker; ppe139-158;
Akers and Defilippigs 2000. Peptidgs-and Prateinssas, SRaresterak sohdtions. in:iRbagpaseutical
Formulation Dg\e/glio men@t nggq% E(;:md rrootei%fb Philadelgmaa, ﬁﬁm:&'llfla%gr agrqclérsangis; pp.
145-177; Akers, et alfefoo ,lﬁharm. iotechinol. :457%15‘7). pharmaceu ic%ﬁy acceptgble
composition suitabte fédpatiéntadiministration will ebntaipdividual residues or by

grafting o¢of entire complementarity determining regions
15 {Jones et al., 1986, Nature 321: 522-526). This technology
is again now well known in the art and is represented by
numerous strategles to improve on this technology; namely by
implementing strategies including, but not limited to,
"rashaping" (see Verhoeyen, et al., 1988, Science 239: 1534~
20 19536), "hyperchimerization" (see Queen, et al., 1981, Froc.
Natl. Acad. Sci. B8:2869~2873) or "veneering® (Mark, et al.,
1994, Derivation of Therapeutically Active Humanized and
Veneered anti-CD1l8 Antibodies Metecalf end Dalton, eds.
Cellular Adhesion: Molecular Definition to Therapeutic
25 Portential. New York: Plenum Press, 291-312). These
strategies all involve to some degree seguence Ccomparison
between rodent and human seguences to determine whether
specific aminc acid substituticons from a rodent to human
consensus is appropriate. Whatever the wvariations, the
30 central theme involved in generating a humanized antibody
relies on CDR grafting, where these three antigen binding

sites from both the light and heavy chain are effectively
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10 an effective amount of the antibody in a formulation which both retains biological activity while also
promoting maximal stability during storage within an acceptable temperature range. The
pharmaceutical compositions can also include, depending on the formulation desired, 15
pharmaceutically acceptable diluents, pharmaceutically acceptable carriers and/or pharmaceutically
acceptable excipients, or any such vehicle commonly used to formulate pharmaceutical compositions
for animal or human administration. The diluent is selected so as not to affect 20 the biological activity
of the combination. Examples of such diluents are distilled water, physiological phosphate-buffered
saline, Ringer's solutions, dextrose solution, and Hank's solution. The amount of an excipient that is
useful in the pharmaceutical composition or formulation of this 25 invention is an amount that serves to
uniformly distribatesthelantibody thraughautdthe campositioimso thatit samybe tihifoemly dispersed when
itis to be delivered-to.asubjeet in“gggqgg@ne)of.égg@yﬁrv&&ggg%memwy 1o.a concentration

which providesthedesired beneficial 30 palliative or curative results while at the same time minimizing
any adverse sid8%ffécté that Might bEcuf foht Too High d EontERfatiod” itriaftalso have a
preservative effeetirllaus, fof the antibody kaving a highh physiolegicakactivity; more pitle excipient

will be empjoyed, Opdhe.othet hapd, far.any ?&E@edﬂﬂﬁ‘?digﬂﬁ@) that,exhibit g lower, physiological

activity, a lesser quantity of the 5 excipient will be emploged. In general, the amount of excipient in the
composition wilt'e BetwaBhabod50% weiyit (&) 3itd §8°9% W oP i tdtal'eSmpositidrt. If the
antibody exhibits:@ particulasiyclont physiological @ctivitgRthe amaant efexcipieht eegld:be as little as

1% w. On the 10} other hand for an.antibody that has a particularly high ghysiglogical agtivity, the

amount of excipient may be between about 98.0% and about 99.9% w. In addition, the antibody or
antibodies may’By AdmiAisteret RERE o7 of a *eRéMicaIderfative™id MR cilsthabtdntains
additional 115 chemicalemoistiay whichzare motnormallyra pastiofthebase ynetecute). Surch moieties

may improve the, solubility, half-life .absarption, etc. of the biglogical agent, Alterpatively, these

moieties may attenuate undesirable side effects of the antibody. Pharmaceutical compositions can 20
also include largeS & metdboli?e8 matfomdieefiles Shich as ProteinsVHolySaeehhrides, polylactic
acids, polyglycelic acids and, copolymers:(suehzdsitatex finctionatzed sepbatose;, agasase, cellulose,

and the like), polymegie amino acids,;amino acid copalymers, gpg;linid aggregates 25 (stich as oil

droplets or liposomes). Additionally, these carriers can function as immunostimulating agents (i. e.,
adjuvants)’Foripareiiteral administration, agents of the invention can be administered as injectable
dosages of a solutiorTor sgspension ofthetsubstance inca physiologically 30:acceptable diluent with a

pharmaceutical.cagrierwhich can be.g stedle,liquid.such.as water olls, saline., glyceral ; oy, ethanol.

Additionally, auxiliary substances, such as wetting or emulsifying agents, surfactants, pH buffering
substances and hé& ke Cart B8 preseift i tohpbSabnRe Gther 86 s ot pfarmdtEttical
compositions aretkosespt pefroteliy aninal, veégetabtedor symnthetic origi dor mexamyle, peanut oil,

soybean ai angimineral ail.{n general glyeols such-as propylene.glycolar palyethyleng:glycol are
preferred IlquIdl%argl,ersbgarté%%iag¥g§r Irr]rjlggglarbs!g SOJ[;E}%Q%.H or otherwise mutated
version of 13C3, 1D1, 19%A¢ or other 13C3-like antibody.
These nucleic acids are substantially free from other
nucleic acids. For most cloning purposes, DNA is a
25  preferred nucleic acid. These DNA molecules may be
subcloned dinto an expression  vector and  subseguently
transfected 4dnto a host c¢cell of cheice wherein the
recombinant host c¢ell provides a source for =substantial
levels ¢of a relevant portion of the 13C3, 1D1, 19A6 or 13C3-
30 , 1Dl-, or 19A6-like antibody, or affinity matured version
thereof. Such procedures may be used for a variety of

utilities, such as generating scFvs cr for co-expressing
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The antibody formulation may be in liquid form or solid 10 form. A solid formulation is generally
lyophilized and brought into solution prior to administration for either single or multiple dosing. The
formulations should not be exposed to extreme temperature or pH so as to avoid thermal denaturation.
Thus, it is essential to formulate an 15 antibody composition of the present invention within a
biologically relevant pH range. A solution buffered to maintain a proper pH range during storage is
indicated, especially for liquid formulations stored for longer periods of time between formulation and
administration. To date, 20 both liquid and solid formulations require storage at lower temperatures
(usually 2-8C) in order to retain stability for longer periods. Formulated antibody compositions,
especially liquid formulations, may contain a bacteriostat to prevent or minimize proteolysis during
storage, includinge28 bl ngtlfhutéd te'effattive tontentratiens @sually =19%\wiv) okbénzyi alcohol,
phenol, m-cresel;ghierohutanok methydparahen, and/es propylparaben. A:bagteriostatipay be
contraindicated fogi%orge pat'ﬁnts. Therefore, a Ig/gp@hilized forrtn,ulation may be regonstituted ina
solution either 306 ¢on aining or‘%o?%%%?g’lﬁ?ncd/ such a éaorﬁﬁaﬁejﬁf A8dtonal (E:Scl)}r%poﬁ‘ré%% may be
added to eitherf&buffered litiid brsol@irantibody fommulaton, indlading but ot dimiteddorsugars as a
cryoprotectant gnehiding but pat nesessarily:limited ta-palyhydrexy hydrocaFaonssuch gs sorbitol,
mannitol, glyce(r:olnasrggr gcugcitgl anglor dnlﬁ c%haridDeﬁAsucQ as sucro(%e lactose, m%t%se or trehalose)
and, in some ins(fances, a’5relévant $a %’ncjlﬁding but Aot limited %él\laa(fll, IfBEloﬂ_lélffSuch
antibody formufatfornat espetially rjtiid $ormiilations Btated faclonigermestorage, wil relyeon a useful
range of total ospaelasity to beth premate-longstesm: stabilityat terppgrature of 2:8C. ¢ higher, while
also 10 making tepe gorgmulatign useful Bor %aren;_eral in'egtion. A?leffective range of %otal csmolarity (the
total number of molecules inSolttion) 1s from aboat 200 MOSIT 1o about 800 mOSE™ It Wiil be apparent
that the aftbunt ot Heeyoprofettant Suckeas suekdse or soibitein Mgl depehd 15 tipbh thiekcamount of
salt in the formulaion rorder for the total psmelanty of the selutionitosremain within, ap-appropriate
range. Therefogeu ahsaslt f{%ﬁ fggrgué%gn may gontain fro abo#t 5% to J%out 25% sucrose, with a
preferred range of Suérose from about 7% to abdut 15%; with' an 20 Especially préférrad ‘sucrose
concentration ifEEsdltfree formatation behsg fronn 1096 i 1296.sAlternatively: el saitdreetsorbitol-based
formulation may.gonsain serkitolwithin aarge from abayt 3% to @bout 12%;yith a preferred range
from abou 4% Jo 136, an o0 especialy prefered rang is,25 from about 5% tp shopt 6% sorbitol in a
salt-free formulation, 1%C*Lllt-i?ree formulations will of Edurse warrant increased ranges of the respective
cryoprotectant ierderstosmaintairefféetive osmolafitg fevels CFhede formiigationanay also contain a
divalent cation {inglugling but net30necessanly dissited-to-MggEl2, GaCle and MpCl2);:and a non-32
ionic surfactant i@ﬁlyglin gut rg:ot réec(gegsg il Iirr;itecgl3 t% Pgl sonrbaée-San ween 80), FE%I sorbate-60
(Tween 60(r)), Polysorba 8-40 ﬁpween 4 E'r% and E’orllysor ate-20"(Tween §8éir§diyoxyé3thylene alkyl
ethers, including’BafR6eImited to-Biij S8LYSBRFSB(FY, as'Welk asPdthersssich a8 sTritdr XzlOO(r), Triton
X 114(r), btP40es Span 8hanc-the: Plurepic.seres of nen- Siane suHastants {e.gsRluraaic 121)). Any
combination of such components, including.probable inclusion of a bacteripstat, may be useful to fill
the antibody-coen‘?gf%ﬁa oﬁrﬁﬁ%?ib%%lgfn thcgtprgoggntllﬁsgﬁﬁgﬁ?Tﬁén gﬁ?ib(&)a)%gcbmapsos%%ﬁq of the present

invention may é'%beTe a "MM“Lanine : codons GCA, GCC, GCG, GCU;
C=Cys=Cysteine: ccdons UGC, UGU; D=Asp=Aspartic acid: codons

GAC, GAU E=Glu=CGlutamic acid: codons GAR, GAG;
25 F=Phe=Phenylalanine: codons UUC, UUU; G=Gly=Glycine: codons
CGGA, GGC, GGG, GGU; H=His =Histidine: codons CAC, CAU; I=Ile
=1s0leucine: codons AUA, AUC; AUU; X=Lys-Lysine: codons AAA,
AAG; L=Leu=Leucine: cedons UUA, UUG, CUA, CUC, CUG, CUU;
M=Met=Methionine: codon AUG; N=Asp=Asparagine: codons GAU,
30 GaC: P=Pro=Proline: codons CCa, cee, CCG, CCU;
O=Gln=Glutamine: codons CAA, CAG; R=Arg=Arginine: codons
AGA, AGG, CGA, CGC, CGG, CGU; S=Ser=Serine: codons AGC, AGU,
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10 derivative", which describes an antibody that contains additional chemical moieties which are not
normally a part of the immunogloblulin molecule (e.g., pegylation). Such moieties may improve the
solubility, half-life, absorption, etc. of the base molecule. Alternatively the moieties may 15 attenuate
undesirable side effects of the base molecule or decrease the toxicity of the base molecule.
Numerous examples of various carriers, diluents, excipients and the such are known in the art and are
disclosed in references cited herein, as well as Remington's 20 Pharmaceutical Sciences (18th ed.;
Mack Publishing Company, Easton, Pa., 1990), the contents of which are incorporated herein by
reference. Briefly, it will be appreciated that suitable carriers, excipients, and other agents may be
incorporated to formulate the pharmaceutical compositions to 25 provide improved transfer, delivery,
tolerance, and the:liké/CThe Higthod§®f irncotporating the bivlogicabageAtand/bEaddiiohal active

ingredient(s) infa:the carjies aresknowa o a pesrgenOf ordipary skilkinthe argapd depend.on the nature
of the biologica| ggen;jgnd the pature of the 30 carrier selected by a person practicing the current

invention. lonic binting, gél ehcapsulatisn dr pRysital trapping 1hsiaathe carrier iontophoresis and
soaking the ca¥figr in &soluticrs ofthe didlogicalagentaressyitatierexamples éontepaplated in

formulatingsa pharmaggyitical compasition tehe used ta pragtice of the disclased treatment methods.

Alternatively, thtehcarrier may, be Iitt%e Slmore tQan a dilléent &or t?e biological agent. These formulations
may include for effaﬁﬁ%?g,r 80%%@, p%sfeesr,noel‘ntlﬁ%nflsrf jé“ﬁ’ﬁ Wax8s, oils, lipids, anhydrous absorption
bases, oil-in-water or Wé&terciresi emulsioas féemulsiohs=carlidwax{pobtethylene §lycolsaf a variety of

molecular 10 weightshsesi-sqlidgels, andsemisselidmixtures:centaining earkowax. tha dosage
regimen utilizing the cosryg)ounds of th%Prgtient invention is selected in accordance with a variety of

factors including Bype. species. age weight, séX and medidal oAdItioh of thePatient: the’ 15 severity of

the conditiéh to2bé eramtedy thelrotie of administrationsthe senalidveiatic axd cardiovasedlar function

of the patient; and-the, particular-hiolegicat agent theregtemplayed. A physician of veteriparian of
ordinary skill can r.eadilg detfer[:naige and grrescribe the %ﬁective 20 amount of the drug required to
S

prevent, counter or arrest the prograss of the Condition. Optiftal PréciSion TR achi&Ving“concentrations

of drug within thetange that yiefdscefficaeq withoat thxicityereqdiressa regimen badedtdrethe kinetics of
the drug's availability 4o target sites-25-Ehisinvalvesaconsiderationof the distxibution; gquilibrium, and
eliminatioqjof anr . ,%%oft ggorgqgoin formulaq(%ns may be agﬁropriate in tr@fatmegts and
therapies In acEordance with trie fip ent Mvention, pro@iaedatlﬁ%?teé: ac‘?f?/léming?edie%? i the
formulation is Nt B0 vattyvated:bysthe fermbfation and the formtulationds physiciogicatly tompatible.

not result in an altered amino acid residue in the expressad
protein. Also included within the scope of this invention
are mutations either in the DNA sequence or the translated
20 antibody which improve the ultimate physical properties of
the expressed antibody. To this end, the present invention
reiates to ({i) affinity matured wversions of a 13C3-like
antibedy, including but not limited to 1303, 1%A6 and 1D1,
and/cr (ii) mutated forms of a 13C3-like antibody, including
25  but not limited to 13C3, 1926 and/or 1D1, including but not
limited to one or more mutations in the CDR1, CDR2 an/or
CDR3 regions as generated through known affinity maturation
methodology and recombinant DNA  technigues known  for
intreducing site specific mutation, Such isolated orx
30 purified nucleic acid molecules will represent the VH and/or
VL portions of a 13C3-like antibody. These nucleic acids

are substantially free from other nucleic acids. For most
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The pharmaceuticalcompositionsof the present invention may be administered to the host in any
manner, strategy and/or combination available in the art in amounts sufficient to offer a therapeutic
treatment against 5 Alzheimer's disease. These compositions may be provided to the individual by a
variety of routes known in the art, especially parenteral routes, including but in no way limited to
parenteral routes such as intravenous (1V), intramuscular (IM); or subcutaneous (SC) administration,
10 with IV administration being the norm within the art of therapeutic antibody administration. These
compositions may be administered as separate or multiple doses (i.e., administration of the antibody at
staggered times by maintaining the sterile condition of the formulation through 15 the treatment
regime). The dosage regimen utilizing the compounds of the present invention is selected in
accordance with-&VerfetyP o Fatt6fs ineldding type Feifecies cdge WweRjit, e3¢ and mesiéal condition of
the patient (sucivas.a btimar patient)sdhe sevesity of the copflitionta:beilreates: 20-theneoute of
administration: {ng renal. hepatic and cardiovasgular fupetion of the patient; and iheparfioular antibody
thereof employed. A %Hysm[ n or veterinarian of ordinary skill can readily determine and prescribe the
effective therapétic &foUNt 6T the iitib otiy: O ptiAEESS Drécisivnr rradiiévifigréoriéenttations of
antibody withinithe=range that yields-efficacyqwithout texicity requires:a segimenhased on the kinetics
of the drug's availability to target sites. This inv ll\q/ sa gonsi r gon of th ‘gistrib%ti n, gquilibrium,
and eIimina\tionaaflo’rfsl éndlr%%. %18 %Jrﬁl éod}fggrajéggrit%ec? herein mgafuk?e ugé:g éaéf%ng%st ap‘S%opri%lte dosages.
Alternatively, cbs&@mirfistratidaorSenntidl ‘adrhrfistration bf dtheragents itayebe tesiable. It will be
possible to presept a:thesapesitis dosing.eagimefor 4he antibogdies 0f therpresentinvention in
conjunction wﬂQXa%@lsrgsggtlo‘pe%g%gerr%tl\%e? Qrogt?uXIggtlce%rcthgr_gpek%lrgarﬁg| s.a@}g efactlve dosage
regime will vary d%pendllng 5 upon many di erent factors, inc u&mg means of administration, target
site, physiflogieaPstité ofthe Fatiertt witthar 81€ péfient is human or an animal, other medications
administered, and whetber greatment is prephylastic or therapeutics For-administsation:ofra 1303- 10
like antibody, the dcosage ranges frgm %ogg . OOQ%}%(%;OO n]%/ , and mare g§uglly 0,01 to 5 mg/kg
of the host bod‘f}ev(\:/eicéﬁwt. I_na'fhe cage of %hell?ﬁer's i'seaée, amyloid g)é:po%fg occur in‘ftlf?e brain,
agents of the iIRHETRIOH EaR alsH'BE adRffistéred Tt oRjuhcAER WithOther sjfeni3ithiatt Sincrease
passage of theragentsebthe inventienacrossithe-bload+braindardes. Another aspeet.eegarding
delivery arl'ugl dosrzlatgﬁ regimes for &%303'% agtik% dy.cq pggi ipg of the pr sent inggntp_p relates to
drug delivery via pafr)grft.géfal routes, 20 Whic lmay%n“é\ucfé18 ﬁon}%ﬁjesc'tabjfe ar%ﬂr(caj]?njjectable devices.

part, can be linked with other DNA molecules (i.e., DNA

molecules which encompass Immunceglebulin genes used for

generation of a recombinant human antibedy) that are not

naturally linked, to form "recombinant DNA mclecules" which

20 encode a respective human recombinant antibody, These
vectors may be comprised of DNA or RNA. For most cloning
purposes DNA vectors are preferred. Typilcal vectors include

plasmids, modified viruses, Dbacteriophage, cosmids, yeast
artificial chromosomes, and other forms of episomal or
25 integrated DNA. It is within the purview of the skilled
artisan to determine an appropriate vector for a particular
gene transfer, generation of a re¢ombinant human antibody or
other use. Methods o©of subcloning nucleic acid molecules of
interest into expression vectors, transforming or
30 +transfecting host cells containing the vectors, and methods
of making substantially pure protein comprising the steps of

introducing the respective expression wvector into a host
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Typically, injectable compositions are prepared as either liquid solutions or suspensions; solid forms
suitable for solution in, or suspension in, liquid vehicles prior to injection can also be prepared. The
preparation also can be 25 emulsified or encapsulated in liposomes or microparticles such as
polylactide, polyglycolide, or copolymer for enhanced adjuvant effect, as discussed above (see
Langer, 1990, Science 249: 1527-1523; and Hanes, 1997, Advanced Drug Delivery Reviews 28:
97-119). The agents of this invention 30 can be administered in the form of a depot injection or implant
preparation which can be formulated in such a manner as to permit a sustained or pulsatile release of
the active ingredient. Specific embodiments include PLGA microspheres, as discussed herein
and as further known in the art, as well as 5 polymer-based non-degradable vehiclescomprising poly
(ethylene-co-vinylacetatecP EMAQG) L Additionaltyiscontrolled-reléase anik locadizeddelivery of

antibody-based-therapeutic products is reviewed in Grainger, et.ak., 20Q4 Expert Qpin; Biol. Ther.
4(7): 1029-1044), hereby 10 incorporated by reference in its entirety. Suitable microcapsules capable

of encapsulating the aAtiBody Mal Also ielide iy droky mRERRICERUITSE or YelafitificiotSpsules and
polymethyl methagrylatéenichecapsuylesiprepareddoy eeacenvation techniquesiorby intexfacial

polymerizagon c13.See PGT publication.NO,29/24061, entitled "Method for Broducing IGF-1
Sustained-ReIeafse Formulations,” wherein a protein is encapsulated in PLGA microspheres, this

reference which is hefeBy cbrbotated P&y FRFErdN&s Y itS EhititeRy 1H dddifidh Microemulsions

or colloidal drugremoter and other appropriate transcription regulatory
elements. The resulting expression construct is transferred
inte a prokaryotic or eukaryotic host cell to produce

10 rascombinant protein. Expression vectors are defined harein
as DNA sequences that are reguired for the transcription of
cloned DNA and the translaticon of their rnRNAs in an
appropriate host. such wvectors can be used to express
eukaryotic DNA in a varilety of hosts such as bacteria, biue

15  green algae, plant cells, insect cells and animal cells.
Specifically designed wvectors allow the shuttling of DNA
between hosts such as bacteria-yeast or bacteria-animal
cells, An appropriately constructed expression wvector
should contain: an origin of replication for autconomcus

20  replication in host cells, selectable markers, a Llimited
number of useful restriction enzyme sites, a potential for
high copy number, and active promoters. A promoter is
defined as a DNA sequence that directs RNA polymerase to
bind to DNA and initiate RWA synthesis. A strong promoter

25 is one which «causes <rnRNAs to be initiated at high
frequency. Techniques for such manipulations can be found
described in Sambrook, et al., {1989, Molecular Cloning. A
Laboratory Manual; Cold Spring Harbor Laboratory, Cold
Spring Harber, New York) are well known and availaple to the

30 artisan of ordinary skill in the art. Expression vectors
may include, but are not limited to, cloning vectors,

modified cloning vectors, specifically designed plasmids or
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20 delivery systems such as liposomes and albumin microspheres, may also be used. Other preferred
sustained-release compositions employ a bioadhesive to retain the antibody at the site of
administration. As noted above, the sustained-release formulation may comprise a biodegradable
polymer 25 into which the antibody is disposed, which may provide for non-immediate release.
Non-injectable devices may be described herein as an "implant”, "pharmaceutical depot implant”,
"depot implant”, "non-injectable depot" or some such similar term.Common depot implants may
include, but 30 are not limited to,solid biodegradable and non- biodegradable polymer devices (such
as an extended polymer or coaxial rod shaped device), as well as numerous pump systems also
known in the art. Injectable devices are split into bolus injections (release and dissipation of the drug
subsequent to irjeetien), and répositoryier-depotirjettionse whithiprovide a Storbges FEservoir at the
site of 5 injectioallowing-forisustained-releaserafthe bielogical agent evertimes Andepat implant may
be surgically tethered to the point of delivery so as to provide an adequate reservoir_for the prolonged
release of the é:r?ﬁb(}joc)}j %IE\}%r' ime. Suc lgrdy icé Wil?é)% (‘:Z\‘;)p'alblg %?%%@?ﬁge e d?égI Té??ormulation in
such quantities‘&@s theespeutically 8 prophyatliHiby réquired Tortreaimembver thegfeselected
period. The depatimplasy may alsa previge;protection to the, formulation fram.degradation by body
processes (such g% pPBroteas%?% fort the duration of ﬁg%ment. 15 e\% known Ii}n ihe art, ther erm
"sustained-release™ refers to the brgaggflgéontinu%us or 8iscontiWugl?§)ar%?e§ e of sugﬁ( an agent from

the block polymérk reateixeaver ancédend €d reris o timeE Regardléss ot tHé Specifid device, the
sustained-release-of ihe 1303like-antibedy conpesiionwilliesultini2q a leeak; biologicglly effective
concentrations of the anti ined release of the biological agent(s) will be for a period of a
single day, se qﬁgtlvggi}s, %we%%jﬁ rgﬁoré; Bé% }?1%85? Iil{]&%ﬁ%}r%gr%%ﬁh g? ér}?c%srec,}%o%rlrup(%t)‘a out six
months, dEpendlifidg o thetfoFmulatfgit NatiralPor 285y niiétic pdlyRvErs K in the agr will be useful

as a depot implant.duede.charactesistics ;sich asversatile, degradation kinetics; safety, and
biocompatibility. These Cop%%nerr}% can be ma ipugatgg %8 Od@é the harmacokigqeiicsflof the active
jell a 1

ingredient, shieldt Edéggnt rom enzyméﬁ%% at{:ack; as'w gé?a&%%nd\?er imé at the site of

attachment or iffscticsieThe artisahd®ill uadeérstahd thattheke egerample tadchingS#rthesart to

manipulate the (prepeHies.of these copolymers dacluding the-respective pregduction precess, catalysts
used, andlfgnal n;{oLecSuSI§E \éve\i]%rg:t %f the sust?éneud-ggleagec %olt im%l%gt or de jc_)t ir%jgg{ti%g. Natural
polymers includé but are not nmﬁeé%‘%’:‘p% elns(c’e.gf,cofl’agen,dlqgumanrgetla in);

PYESZ {(Invitrogen) and Pichie expression vector

{Invitrogen). Also, a wvarlety of i1nsect cell expression
vectors may be used, including but are not limited to
pBlueBacIIl and pRlusBacHisZ2 {Invitrogen), and - pAgG2T
20 (Pharmingen) .
Recombinant host cells may be prokaryotic or
eukaryotic, dincluding but not limited to, bacteria such as
E. coli, fungali cells such as yeast, mammalian c¢ells
including, but not limited to, cell lines of bovine,
25 porcine, monkey and rodent origin; and insect cells.
Mammalian species which may be suitable, 26 include but are
not limited to, L cells L-M{TK-) (ATCCCCLI.3), L cells L-M
(ATCC CCL 1.2), Saos-2 (ATCCHTB-85), 283 (ATCCCRLIS73), Raiji
{ATCC CCL 86), Cv-1 {ATCC CCL 70), COs5-1 (ATCC CRL14650),
30 COS-7{ATCC CRL 1651), CHO-X1 (ATCC CCL 61), 3T3 (ATCC CCL
82), NIH/3T3 (ATCC CRL 16538), HelLa ({(ATCC CCL 2), C1Z7I ({ATCC
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polysaccharides(cellulose,starch,alginates,chitin, chitosan,cyclodextrin,dextran,hyaluronic acid)and
lipids.Biodegradable synthetic polymers may include but are not limited to various polyesters,
copolymers of L- 10 glutamic acid and gamma ethyl-L-glutamate (Sidman et al., 1983, Biopolymers
22:547-556), polylactides ([PTA]; U.S. Pat. No. 3,773,919 and EP 058,481), polylactate polyglycolate
(PLGA) such as polylactide-co-glycolide (see, for example, U.S. Pat. Nos. 4,767,628 and 5,654,008),
15 polyglycolide (PG), P olyethylene glycol (PEG) conjugates of
poly(a-hydroxyacids),polyorthoesters,polyaspirins, polyphosphagenes, vinylpyrrolidone, polyvinyl
alcohol (PVA), PVA-g-PLGA, PEGT-PBT copolymer (polyactive), methacrylates,
poly(N-isopropylacrylamide), PEO-PPO-PEOQ (pluronics), PEO- 20 PPO-PAA copolymers,
PLGA-PEO-PLGA, pélyorthoestersi(POE), 6Cany: comhations #igreotas deseribedabbve (see, for
example, U.S. Pat-N0o=§,994454 and U.S. Pat. Appl. No. 20050187631, each of which is incorporated
herein by reference in its entirety, hydrogeis (see, for example, 25Langer et al., 1981, Jr. Biomed.
Mater. Res. 15:167-277: LaRger 1087 CREM Tech *T5708 105 Hon-degiadable ethgise-vinyl
acetate (e.g. ethylerneevinykatetatedisks and pohKethylere-coiviny| adetate)),'degradabte lactic

acid-glycolic acid,copalyers such astheslupron Bepots 30.poly:D:s)-3sRydrayybutyric acid (EP
133,988), hyaluronic acid gels gse.e, for example, U.S. Pat. No. 4,636,524), alginic acid suspensions,
polyorthoester@fﬁ?)té)?aa%%{thee TR oAt tPLAT A\t BopBIYRE Rith Py oS TPLGA) have

been well knoway ii¥ tive av'sircerthe commercializationof thedwuprare Depotmaapproved:in 1989 as the

first parenteral sustaineg-teleage formylation ytilizing 3 RIA pelymers. Addifional;examples of
products which utiIizg PLA and PLGA as excipients to achieve sustained-release of the active
ingredient includ® Ati48% (PLASEHod et Biseasef *Riifropin Depdt (PLEGAH With KGR and the
Trelstar DEpot (PhSAspiostate canicer).Othver synthetic pelymers 10rinthudeeibut aréust limited to

poly(c-caprolacieney.palys; hydioxybutwrate, poly (Prmglic acid) and poly(digxangne)l;.,,
polyanhydrides, polyurethane (see WO 2005/013936), polyamides, cyclodestrans, polyorthoesters,
n-vinyl alcohol,lﬁpﬁiﬁ%%yléﬁg%&?&g/poﬁ/%?hyléﬁgj‘@?éﬁ’hth’ﬁf’at@f ation’ process which

results in high affinity, fully human monocleonal antibodies
This technology is agaln now well known in the art and is
15 fully detalled iIn wvarious publications, including but not
limited to U.S. Patent  Nos. 5,939, 598; 6,075,181;
6,114,598; 6,150,584 and related family members {assigned to
Bbgenix, discleosing their XenoMouse technology); as well as
U.S. Patent Nos. 5,545,8056; 5,b569,825; 5,625,126; 5,633,425;
200 5,78%,650; 5,877, 397; 5,661,016; 5,814,318; 5,874,29%; and
5,770,428 (assigned to GenPharm International and available
through Medarex, under the umbrella of the "UltraMalb Human
Antibody Development System"). See also a review from
Kellerman and Green (2002, Curr. Opinicon in Riotechnology
25 13: 593-5%7,

Finally, techniques are available to the artisan for
the selection of antibody fragments from libraries using
enrichment technclogles, including but not limited to phage
display, ribosome display (Hanes and Pluckthun, 1997, Proc.

30 Nat. Acad. Sci. 94: 4937-4942), bacterial display (Georgiou,
et al., 1897, Nature Biotechnology 15: 29-34) and/or yeast
display (Kieke, et al., 1997, Protein Engineering 10: 1303-
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15 polyphosphazene,polyphosphate,polvphosphonate, polyorthoester, polycyanoacrylate,
polyethylenegylcol, poiydihydropyran, and polyacytal. Non-biodegradable devices include but are not
limited to various cellulose derivatives (carboxymethyl cellulose, cellulose acetate, cellulose 20 acetate
propionate, ethyl cellulose, hydroxypropyl methyl cellulose) silicon-based implants
(polydimethylsiloxane), acrylic polymers, (polymethacrylate, polymethylmethacrylate,
polyhydroxy(ethylmethylacrylate), as well as polyethyleneco-(vinyl acetate), poloxamer,
polyvinylpyrrolidone, 25 poloxamine, polypropylene, polyamide, polyacetal, polyester,
polyethylene-chlorotrifluoroethylene, polytetrafluoroethylene(PTFEOf'Teflonm™),styrene butadiene
rubber, polyethylene, polypropylene, polyphenylene oxide-polystyrene,poly-a-chloro-p-xylene, 30
polymethylpentetie) Jpolysufonecand:otheraefated hiostabker pelyhvers. Capriersrsuitable for

sustained-release depot jorrudations nclude; but arenot liiteghto, micospheres; nodies
films,capsules, Igartlclessgels coatlngs ,matrices, wafers, gllls or othergharmaceutlcal dellvery
compositions. xaﬁtple Stsuthststained: red[easeformlﬂatons\ére “déStribed above. $8& Also U.S.
Patent Nos. 6,9535931156;946;146561656,508; 6,541,833 ahd=8,151;3463 they €ontehtsiof each which
are incorpayateghereiniky. referencecthe @%@Q@l&@rmaﬂllﬁtﬁ% gapable .ot cagying the frug
formulation in such quantltles an concentra lon as therr}% %%tllicalllg requ uired for treatment over the

pre-selected pé&ficd and?” - age display tech owh o ih
{e.g., see techneology from Cambridge Antibody Technclogy

(CAT})) as disclosed in U.S. Patent  Nos. 5,565,332;
5,733,743, 5,871,907; 5,872,215; 5,885,793; 5,962,255;
10 6,140,471, 6,225,447; 6,291650; 6,4%2,160; 6,521,404,
6,544,731; 6,555,313; 6,5082,815; 6,583, 081, as well as
other U.35, family members, or applications which rely on
priority filing GB 9206318, filed 24 May 1892; see also
Vaughn, et al. 1996,. Nature Eiotechnology 14: 309%-314).
15 Single chain antibodies may alsc be designed and constructed

using available reccombinant DNA technology, such as a DNA

amplification method (e.g., PCR), or possibly by using a
respective hybridoma ¢DNA as a template. Single-chain
antibodies can be mone-or hispecific; bivalent or
20 tetravalent, A nuclectide sequence enceding a single-chain

antibody c¢an Dbe c¢onstructed using manual or automated
nucleotide synthesis, c¢loned intc an expression construct
using standard recombinant DNA methods, and introduced into
a cell to express the coding seguence, as described below.

25 The present invention further relates tco an antibody-
based pharmaceutical compoesition comprising an effective
amount a 13C3-like antibody, or an affinity matured version,
which provides a prophylactic or therapeutic treatmeant
choice to inhibit fibril and/cr senile plague formation

30 assgciated with Alzheimer’s disease. The antibody-based
pharmaceutical composition of the present invention may be

formulated by any number of strategies known in the art



10 must provide sufficient protection to the formulation from degradation by body processes for the
duration of treatment. For example, the dosage form can be surrounded by an exterior made of a
material that has properties to protect against degradation from metabolic processes and the risk 15
of, e.g., leakage, cracking, breakage, or distortion. This can prevent expelling of the dosage form
contents in an uncontrolled manner under stresses it would be subjected to during use, e.g., due to
physical forces exerted upon the drug release device as a result of normal joint articulation 20 and
other movements by the subject or for example, in convective drug delivery devices, physical forces
associated with pressure generated within the reservoir. The drug reservoir or other means for holding
or containing the drug must also be of such material as to avoid unintended 25 reactions with the
active agent fortautations andis préferably biotempatibled(e. o whererthe dosage: form isimplanted, it
is substantially nen-esactive-with-tespest, ta;agubisct's body Qrhogy fiuids). Generally, the respective
biological agent s& is admlnlstered to an | |nd|V|duaI for at 30 least 12 hours to at Ieast a wéek, and most
likely via an mp%am—ges@ﬂedxtwer b defier Bo8rug for at IE5&CEd, 26°56°100 BBys drat fedst 4 months, or
at least 6 monthsoramoreidasrefairedriite 13080ike adtipodylean beidelivereteatsucharelatively low

volume ratgs, exgxdrom-about @.001-mi/day to I ml/dayg9.as.to.minimize tissus, disturhance or trauma
near the site where Ehe formulatlton 15 released The 5 formulation may be released at a rate of,

depending on t%%pegﬁeﬁwak@eaﬁageﬁggf—a{ﬁ—%w—%%é frém-aB6Gt 8D pg/Mror 0.1 big/hr,
0.25 pg/hr, 1 pgkarygenerallyFupreisgbout200- pgHir] or thadormulkationlis, delMeted 2itarlow volume

rate e.g., a volumedate of from 10.about 0,001 mi/day fo,abqutd.mi/day; for example,;0.01
micrograms per d up to about 20 mllllgrams er day Dosage depends on a number of factors such

as potency, bioavailability “and toxicity of the activeRgrédiant (& tgraFg](??;ln‘t’fo]ojdyf?ﬁ%ﬁ%{i‘ilgnd the
requiremelits ofithee158abjett. ancTheserand ivthemsbjeety; advanatafesianid features bfthe present

invention will bgceme appareny to these persens gkilledsinithe art upon seading the details of the
methodology and com%osmoﬁnsbéah_ more full%\}?et forth below. 20EXAMPLES EXAMPLE 1:

PREPARING THE PROTOFSRILLAR FORMOF AMYESID BETA (A 43) 2cceptable
temperature range, The pharmaceutical compositions can also
include, depending on the formulation desired,

15 pharmaceutically acceptable diluents, pharmaceutically

acceptable carriers and/or charmaceutically acceptabkle
excipients, or any such vehicle commonly used to formulate
pharmaceutical compositions for animal or human
administration. 'The dilusnt is selected so as not to affsct
20  the bpiclogical activity of the combination. Examples of
such diluents are distilled water, physiological phosphate-
buffered saiine, Ringer's solutions, dextrose Solutibn, and
Hank's soluticn. The amount of an exciplient that is useful
in the pharmaceutical composition or formulation of this
25 invention is an amount that serves to uniformly distribute
the antibody throughout the composition so that it can be
uniformly dispersed when it is to be delivered to a subject
in need thereof. It may serve to dilute the antibody to a
concentration which provides the desired beneficial
30 palliative or curative results while at the same time
minimizing any adverse side effects that might occur from

too high a concentration. It may also have a preservative



442 synthetic peptides (American Peptide Company, Inc., CA) were prepared according to the method
described by 25Fezoui et al.(Fezoui, et al. Amyloid 7(3): 166-178. (2000)) Briefly, lyophilized 1342 was
dissolved in 2mM NaOH at a 1mg/m1 concentration (pH-10.5) followed by sonication and
lyophilization. NaOB-treated AD was dissolved in water at a concentration of 1mg/m1 and filtered with
a 0.22pm 30 ULTRAFREE-MO filter (Millipore, MA). A 0.5mg/m1 peptide solution was buffered at the
final concentration of 50mM phosphate; 100mM sodium chloride and incubated for 4 hr. at room
temperature. To separate the protofibrillar form from the low-molecular weight proteins, the
supernatant was fractionated using size-exclusion chromatography. Purified SEC fractions were then
stored at 40. 5Various forms of the AP42 protein are represented as showing its ability as a monomer
or dimer to assetiaetogethertoforny atiigh-amolecutar weightgligormeép (protofiir)@igore 1). Further

aggregation of fhe ; ;seluble-pratofibrils creates an;inspluple form, otthe; 10 proteiny whergas the
protofibrils can disassociate back to a lower-molecular Wei%ht form. To purify the protofibrillar form of

AP from the loW idlectidfweigRT proteins® Shiles War& ractiolitiediith af Rk A chfomatography
system using alSuperdex 75isizeq 1&exclasion columnaFigures2A shpws thatwithout ineubating the

AO 42 synthetig peptides at foom temperatuts, dhere isip aggregation of.eliggmers.to fgrm the

pl‘OtOfIbI‘IlS. Flgg;ecjggilggﬁtra%%s tgggaﬁgén%)gshjrtgﬂnocnUb%t:{%q Of}:’EQe between about 50%
welght {w) and 99.%% w. of the tocotal composition. If the
antibody exhikbits a particulariy low vhysiological activity,

the amount of excipilent could be as little as 1% w. On the

10 other hand, for an antibody that has a particularly high
physioclogical activity, the amount of excipient may be
betwean abcout 28.0% and about 99.58% w. In addition, the
antibody or antibodies may by administered in the form of a
“chemical derivative” (a-molecule that contains additional

15 chemical moieties which are not normally a part of the base
moiecule). Such moieties may improve the solubility, half-
iife, absorption, ata, of the bioclcgical agent.
Alternatively, these moieties may attenuate undesirable side
effects of the antibody. Pharmaceutical compositions can

20 alsoc include large, slowly metabolized macromolecules such
as proteins, polysaccharides, polylactic acids, polyglycolic
acids and copolymers {such as latex functionalized
sepharose, agarose, cellulose, and the like), polymeric
amino acids, amino acid copolymers, and lipid aggregates

23 {such as oil droplets or liposomes). Additionally, these
carriers can function as immuncstimulating agents (i. e.,
adjuvants). For parenteral administration, agents of ths
invention can be administered as injectable dosages of a
solution or suspension of the substance in a physicloglcally

30  acceptable diluent with a pharmaceutical carrier which can
be a sterile liguid such as water oils, saline, glycerol, or

ethanol. Additiconally, auxiliary substances, such as



AP42 synthetic peptides, subsequent SEC purification shows a 20 definitive protofibril fraction.
EXAMPLE 2: GENERATING MONOCLONAL ANTIBODIES WITH SPECIFICITY FOR
PROTOFIBRILLAR AP The 1303, 19A6, and 1D1 antibodies were created by immunizing Balb/c mice
with the fibrilliar Ap protein using 25 a protocol known in the art. (Harlow, et al. Cold Spring Harbor
Laboratory, (1988))Spleens were removed and fused with 5P2 myeloma cells in several 96 well
plates.Fusion cultures were monitored for growth and supernatants were screened for their ability to
bind the protofibrilliar 30 fraction by antibody-capture immunoassays. EXAMPLE 3:
CHARACTERIZATION OF MONOCLONAL ANTIBODIES WITH SPECIFICITY FOR
PROTOFIBRILLAR AP Antibodycaptureassayswereusedtofurther characterize the monoclonal
antibodies produged fromdhe Shybridomag (183G3\cF9A6s anttD4).Fo midrotitet platésg50ul of a

2ug/m1 protofirillar.AR42-pratein soldtion;was added fo egeh well a&%th%&@t@@\e@&%mcubated at
4C overnight. After incubation, the residual antigen solution was removed and washed with PBS

solution. Serial diftfonsIH B tHE hybridoma Sipethatiits WoR 4485810 thESIAR Eofthining the
bound antigen nadintabated forikdiour atsoeratemperature sThisprinvary @ntibiody sdlution was

removed ard the wellswere,again washed with RBS-solution. An engymerlabeled segondary antibody
was next added and 15 incubated for 1 hour at room temperature. After removal of the secondary

P
antibody solutioh, & ThrdMogehid Slbbirats spatifit fErihe tonfugate 8hzyineY WAY 4888d to the
reaction and theidetectionsf thercdptored antibadycyielded-qaantitativerresultsarly  for

injectable solutions.
The antibody formulation may be in liguid form or soclid
10 form. A solid formulation 1is generally lyophilized and
broughtt inte solution prior to administration for either
single or multiple dosing, The formulations should not ke
exposed to extreme temperature or pH s$0 as te avoid thermal
- denaturation, Thus, it 1is essential to formulate an
15 antibody composition of the present invention within a
biclogically relevant pH range. A solution buffered to
maintain a proper pH range during storage is indicated,
especially for ligquid formulations stecred for longer periods
of time between formulaticn and administration. To date,
20 both liguid and solid formulations reguire storage at lower
temperatures (usually 2-8°C) in order to retain stability for
lenger periods, Formulated antibody compositions,
especially liguid formulations, may contain a bacteriostat
Lo prevent or minimize proteolysis during storage, including
25 but not linuted to effective concentrations (usually <1%
w/v) of bkenzyl alcchol, phencl, m-cresol, chlorobutancl,
methylparaben, and/cr propylparaben. A bactericstat may be
contraindicated for some patients. Therefore, a lyophilized
formulation may be reconstituted in a sclution either
30  containing or not containing such a component, Additional
components may be added to either a buffered liguid or solid

antibody formulation, including but not limited to sugars as

5.



90Additionally,changing the secondary reagent to isotype-specific anti-immunoglobulin antibodies, the
particular immunoglobulin isotype of each monoclonal was identified. In these experiments,
commercially available anti-A42 antibodies were used to compare the binding 25 specificity of 13C3,
19A6, and 101 monoclonal antibodies. Figures 3A and B illustrate the protofibrillar (PF) and the
low-molecular weight (LMW) forms of the Ap42 peptide used to test the specificity of the 13C3
antibody in antibody capture immunoassays. Specifically, Figure 3A 30 illustrates the plot generated
from the ELISAs showing that the 13C3 antibody is specific for the protofibrillar form(PE) of Ap42 and
does not recognize the low-molecular weight(LMW) forms of the protein. Figure 3B illustrates the
ELISA data with the commercially available 4GB antibody, showing that it recognizes both the
low-molecular weight @ndbtives peotofibrhlar formerofithe AS42 proteds s ENAMPLE.4ZSPECIFICITY OF

MONOCLONALANTIBRRIES TOFHERPRQTOFIBRILLARFORM OF AP42 USING SYRFACE
PLASMON RESONANCE (bIACORE')ﬁ. The purified monaclonal antibodies listed in Table 1

(below), were iMMobiizedtda BIaCsreSeAZSY SRiptr St Secordkitee’iith piiblisH protscols. (Nice, et
al. BioEssays 2Ec3383521(2999%k The higtesensitivity efthe BlAcorerepticak respanse guantifies a

change in reflectivity, and ashaseline.response fenthe ligand aloneds genarated. Thesintgraction
analysis is performed as the analytes, the LMW 15 form or the PF form of A%42, are injected in

solution over the" sehsor chip HAY the EHARGE in SGFARET5IASREN résdifdnte g8neratdt Hresponse
identifying the Spetifitity ofreach lattisbdys-abilitysto bimd: LM\Wrage PRAp42 tBoth the 13C3 and the

19A6 antibodie@@'k@@ll@%@@%PFtt%mO%f%’o&%zpcﬁyit@@i%hsmggéth@&weéé\éw form. Of all

the antibodies used in this experiment, the commercially-available antibodies showed higher specificity

for the LMW AE42'5ver'the PF fOBHAS U2 a8 indfcated thEratld 8F BE bifdihg? LMW Binding.

Table 1 308 making the formulation useful for parenteral injection. An
effective range of total osmolarity {the total number of
molecules in scluticn) is from about 200 mCs/L to about 800
mOs /L. It will Dbe apparent that the amount o0f a
cyroprotectant, such as sucrose or sorbitol, will depend

15 upon the amount of salt in the formulation in order for the
total o¢smolarity of the soluticon to remain within an
appropriate range. Therefcore a salt free formulation may
contain from about 5% to about 25% sucrose, with a preferred
range of sucrose from about 7% to about 15%, with an

20 especially preferred sucrose concentration in a salt free
formulation being from 10% Lo 12%. Alternatively, a salt
free sorbitol-based formulation may contain sorblitol within
a range from about 3% to about 12%, with a preferred range
from about 4% te 7%, and an especially preferrsd range is

25  from about 5% to about 6% sorbitol 1n a salt-free
formuliation, Salt~free formulations will of c¢ourse warrant
increased ranges of the respective cryoprotectant in crder
to maintain effective osmolarity levels. These formulation
may alsc contain a divalent <cation (including but not

30 necessarily limited to MgCl:, CaCl; and MnCl:); and a non-32
icnic surfactant (including but not necessarily limited to

Polysorbate-80 (Tween 80%), Polysorbate-60 (Tween 60%),

46-



Al3 1-5 1gG2bElan Pharmaceuticals 424.6 402.7 0.9 4G8 AI3 17-22 IgG2bSenetek Inc. 228.6 340.3
1.5 6E10 AI3 3-8 IgG2bSenetek Inc.

Polysorbate—40 (Tween 40% and Polysorbate-20 (Tween 20%),
polyoxyethylene alkyl ethers, including but not limited to
BriA 58®, Brij 35®, as well as cothers such as Triton X—lOO?
Triton ¥ 114%, NP40%®, Span 85 and the Pluronic series of non-

5 lonic surfactants (e.g., Plurconic 121)). Any combination of
such components, including probable inclusion of a
bacteriostat, may be useful to f£ill the antibody-containing
formulations of the present invention. The antibody
composition of the present invention may alsc be a "chemical

10  derivative™, which describes an antibody that contains
additional chemical moieties which are not normally a part
of the immuncogloblulin molecule {(e.g., pegylation). Such
moleties may improve the solubility, half-life, absorption,
etc. of the base molecule. Alternatively the moieties may

15 attenuate undesirable side effects of the base molecule or
decrease the toxicity of the base meolecule.

Numerous  examples of wvarious <carriers, diluents,
excipients and the such are known 1in the art and are
disclosed in references cited herein, as well as Remington's

20 Pharmaceuvtical Sciences (1l8th ed.; Mack Publishing Company,
BEaston, Pa., 1990), the contents of which are incorporated
herein by reference. Briefly, it will be appreciated that
sultable carriers, excipients, and other agents may be
incorpeorated to formulate the pharmaceutical compositions to

25 provide dimproved transfer, delivery, tolerance, and the
like. The methods of incorporating the bilological agent
and/or additicnal actilve ingredient(s) into the carrier are
known to a person of ordinary skill in the art and depend on
the nature of the Dkiclogical agent and the nature of the

30 carrler selected by a person practicing the current
invention. Ionic binding, gel encapsulation or physical

trapping inside the carrier, ilontophoresis and socaking the

A7



400.1 541.1 1.4 82E1 Afi 1-17 IgG1IBL 69.9 68.4 1.0 The Surface Plasmon Resonance Analysis
shown by sensorgram that 13C3 (Figure 4B) does not bind the LMW forms of Ap 42 protein.However,
the 408 (Figure 4A) shows a standard association/disassociation curve for the LMW Ap42 protein. The
antibody isotype control IgG1 (Figure C) does not bind the LMW Ap as well. Auto-crated BlAcore
systems, 5 which use the detection principle of Surface Plasmon Resonance, were used in these
experiments. The binding specificity data for the 19A6 antibody showed that 19A6 had a binding ratio
of 5.8, which is similar to that of 1303 at a ratio of 5.3. 10 EXAMPLE 5: EPITOPE MAPPING OF THE
1303 ANTIBODY

carrier in a solution of the biolegical agent are suiltable
examples contemplated in formulating a pharmaceutical
composition to be used to practice of the disclosed
treatment methods. Alternatively, the carrier may be little
5 more than a diluent for the biological agent. These
formulations may include for example, powders, pastes,
ointments, Jelly, waxes, olls, lipids, anhydrous absorption
bases, oil-in-water or water-in-oil emulsions, emulsions
carbowax (polyethylene glvcols of a variety of molecular
10 weicghts), semi-solid gels, and semi-solid mixtures
containing carbowax. The dosage regimen wutilizing the
compounds of the present invention is selected in accordance
with & wvarilety o¢f factors inciuding type, species, age,
waight, sex and medical condition of the patient; the
15 sgeverity of the condition to be treated; the route of
administration; the renal, hepatic and cardiovascular
function of the patilent; and the particular biclogical agent
therecf emploved, A physician or veterinarian of ordinary
skill can readily determine and prescribs the effective
20  amount of the drug reguired to prevent, counter or arrest
the progress of the condition. Optimal precision in
achieving concentrations of drug within the range that
vields efficacy without toxicity requires a regimen based on
the kinetics of the drug's availability te target sites.
25 This involves a consideration of the distribution,
equilibrium, and eliminaticon of a drug. Any of the
foregoing formulations may be appropriate in treatments and
therapies in accordance with the present invention, provided
That the active ingredient in the formulation 1is not
30 dnactivated by the formulation and the formulation is

physiologically compatible.
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Mapping the epitopes of 1303, 1D1 and 19A6 was conducted using the RepliTope Microarrays system
(JPT Peptide Technologies GmbH) according to published protocol. (Korth, et al. 390: 74 (1997)).
Each spot on the 15 microarray contains a 13 amino acid peptide of AB42 where each shift in position
on the microarray represents an amino acid shift (fom N-term to O-term), i.e. SEQ ID NO: 23, SEQ ID
NO: 24 SEQ ID NO: 51; and SEQ ID NO: 52. Listed below are the peptides and their exact amino acid
sequence, 20 corresponding to their position on the slide array. Once the peptides are fixed to the
RepliTope Microarray, the samples are incubated with the 1303 antibody and then subsequently
labeled with a secondary that is conjugated to a chemiluminescence tag of choice. The spots that yield
a 25 signal represent the epitope binding sites on the protein by the antibody. Asp Ala Glu Phe Arg His
Asp Ser Gly Tyr Glu Vag His(SE@4DNO:23) cAleGld PheArg His AsprSer Gly d3#:Glu Val His His

(SEQ ID NO: 3924) GluRhe.Arg Bis Asp, Setdely-Iyr Gl Mgl His Fis Gin, (SEQ IRNEG: 25) Phe Arg:
His Asp Set Gly Tyr Glu Val His His Gin Lys (SEQ ID NO: 26) 35 Arg His Asp Set Gly Tyr Glu Val His
His GIn Lys Leét(éﬁﬁ% NGYSH) ﬁfl}fgb,&é%@éjrnsﬁ‘;?ﬁrléﬂf?/a’rﬁistpﬁs &if Ly LEPVAFESEQ ID NO:
28) Asp Set GhuTyi Glanal His HisoGirtys keu VabPhes(SEQ IDINEG:tmeld) 58eciSheTyr Glu Val

His His GinsLys beuVal.2he PesSEQ. IDINQ. 30l Tyn Gid Val His His Gin Lys Lep.val Phe Phe
Ala (SEQ ID NO:

& individual by a wvariety of routes known in the art,
especially parenteral routes, including but 4in no way
limited to parenteral routes such as intravenous (IV),
intramuscular (IM); or subcutanecus (3C) administration,

10 with IV administration being the norm within the art of
therapeutic antibody administraticn. These compositions may
be administered as separate or nultiple doses (i.e.,
acministration of the antibody at staggered times by
maintaining the sterile condition of the formulation through

15 the treatment regime). The desage regimen utilizing the
compounds of the present invention is selected in accordance
with a wvariety of <factors including tType, species, age,
welght, sex and medical condition of the patient (such as a
human patient); the severity o¢f the condition to be treated;

20 the route of administration; the renal, hepatic and
cardiovascular function of the patient; and the particular
antibody thereof employed. A physlcian or veterinarian of
ordinary skill c¢an readily determine and prescribe the
effective therapeutic amount of the antibody. Optimal

25  precision in achieving concentrations of antibody within the
range that vyields efficacy without toxicity reguires a
regimen based on the kinetics of the drug's availability to
target sites. This involves a consideration of the
distribution, equilibriam, and eliminaticon of a drug.

30 Antibodies described herein may be used alone at appropriate
dosages. Alternatively, co-administration or seguential

administration of other agents may be desirable. It will be
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31) Tyr Gin Val His His Gin Lys Leu Val Phe ate Ala Gin (SEQ ID NO: 1032) Glu Val His His Gin Lys
Len Val ate Phe Ala Gin Asp (SEQ ID NO: 33) Val His His Gin Lys Len Val ate ate Ala Glu Asp Val
(SEQ ID NO: 34) 15His His Gin Lys Len Val ate Phe Ala Gin Asp Val Sly (SEQ ID NO: 35) His
Gin Lys Leu Val ate Phe Ala Glu Asp Val Sly Ser (SEQ ID NO: 36) GIn Lys Len Val ate Phe Ala Clu
Asp Val Sly Ser Ass (SEQ ID NO: 2037) Lys Len Val ate ate Ala Glu Asp Val Sly Sat Ass Lys (SEQ ID
NO: 38) Len Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys Gly (SEQ ID NO: 39) 25Val ate ate
Ala Glu Asp Val Sly Set Ass Lys Sly Ala (SEQ ID NO: 40) Phe ate Ala Glu Asp Val Gly Set Ass Lys
Sly Ala lle (SEQ ID NO: 41) ate Ala Gin Asp Val Sly Set Ass Lys Sly Ala lle lle (SEQ ID NO: 3042)
Ala Gin Asp Val Sly Set Asn Lys Sly Ala lle lle Sly (SEQ ID NO: 43) Sin Asp Val Sly Ser Ass Lys Sly
Ala lle lle :ply Lers (SECE IDcNOpresany 35AspwaiShy Sat AdsdiscSlyAdd tle 1l€8ly Léa Met (SEQ ID

NO: antibodies of the present Invention 1in conjunction with
administration of alternative prophylactic or therapeutic
regimes. An effective dosage regime will wvary depending

5  upon many different factors, including means of
administration, target site, physiclogical state o©f the
patient, whether the patient is human o¢r an animal, other
medications administered, and whether treatment is
prophylactic or therapeutic. Feor administration of a 13C3-

10 like antibody, the dcsage ranges from about 0. 0001 to 100
mg/kg, and more usually 0.01 to 5 mg/kg of the host body
weight. In the case of Alzheimer’'s disease, amyloid
deposits occur in the brain, agents o¢f the invention can
also be administered in conjunction with other agents that

15  increase passage of the agents of the invention across the
blood-brain barrier.

Another aspect regarding delivery and dosage regimes
for a 13C3-1ike antibocdy composition of the present
invention relates to drug delivery via parenteral routes,

20 which may include non-injectable and injectable devicges,
Typically, injectable compositions are prepared as either
liguid sclutions or suspensions; solid forms suitable for
soiution in, or suspension in, liguid wvehicles prior to
injection can also be prepared. The preparation alsc can be

25  emulsified or encapsulated in 1liposcmes or microparticles
such as polylactide, polyglycolide, or ccpolymer for
enhanced adjuvant effect, as discussed above (see Langer,
1990, Science 249: 1527-1523; and Hanes, 1997, Advanced Drug
Delivery Reviews 28: $97-119). The agents of this invention

30 can be administered in the form of & depot injection or

implant preparation which can be formulated in such a manner
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45) Val Gly Set Asn Lys Sly Ala lle lle Sly Len Met Val (SEQ ID NO: 46) Sly Set Ass Lys Sly Ala lle
lle Sly Len Met Val Sly (SEQ ID NO: 4047) Ser Ass Lys Sly Ala lle lle Sly Leu Met Val Sly Sly (SEQ ID
NO: 48) Ass Lys Sly Ala lle lle Sly Leu Met Val Sly Sly Val (SEQ ID NO: 49) 45Lys Sly Ala lle lle
Sly Leu Met Val Sly Sly Val Val (SEQ ID NO: 50) Sly Ala lle lle Sly Leu Met Val Sly Sly Val Val lle
(SEQ ID NO: 51) Alalle lle Sly Len Met Val Sly Sly Val Val lle Ala (SEQ ID NO: 5052) Figure
5A i.ilustrates a dot blot from a RepliTope Microarray experiment identifying the epitopes of the
antibodies, 1303, 1D1 and 408 on the Ap 1-42 peptide. The bound antibody is represented by a
chemiluminescent signal. 5 Figures 5B illustrates the Ap 1-42 amino acid sequence showing the
polypeptide segments of the 1303 epitopes as they occur in the sequence. The 101 antibody shows
the same epitopes &z w1303 svierebs theccommaitind 408antiBedy fdetfifiess diferént epitope. 10
EXAMPLE 6: GHARAGCIERIZATION OF 1303 SPECIFICITY Figure 6 illustrates fractions from

size-exclusion chromatography of the supernatants from the 2 cell line, a secreting AP oligomer
g e%l%olcy 217 Og_lg@i" CJ(_)U ah

cell line. Antibody capt%re assays were USed 10 further c%%racf’érlze fﬂlécgi%éd?néé of the 1303 15
antibody with ti¥é protufitstiliaranid Iovwin sleclifariieightractions friom Bie SEC-plrifiedBFPA2. To

microtiter plateg10Qud-0f-a 44200 dikutioneteaeh draction wassaddeddgeach well apd the plates were
incubated at 4C gvernight. After incubation, the residual antigen solution removed 20 and washed
with PBS solutioh: er%leéﬁfuotiuafnlsng the 183%%t§“66érnatapﬁi%’ \%zr'e added t\oﬂ%aé pjlgtneégightaining the
bound antigen a@ndtineubated foE4 $four 2d recvrtehiperatisrel VRS pfifnaty ahtibboylsélefion was

removed and the wellsswere againwashedswith RBS<solution: AR enzyme-taheled secomdary 25
antibody was next adged gnd incubg&e&for 1p ur at ropm cgtempelrg%r};i &fgﬁr remg\éale%f the

secondary anti gﬁﬁéolutloﬁf gbhromogenic substrate specific for the conjugated en%ym}é, was added

to the readtion anecthecdetertionuf theaptarss antibody: yieldéd gussitifative 3G ve8aks-SThis assay
identified that the &3G3antiody-specifically recagnizes only dhe protafibrilas fragtipnawbereas the 408
anﬂbodyrecoggg§§hggﬁ%§fgg§ygg ﬁgﬁ%gllulose or gelatin-microcapsules and
polymethyl methacrylate microcapsules trepared by
coacervation technigues or by interfacial polymerization.
15 See PCT publication WO 99%8/24061 entitled "Method for
Producing IGF-1 Sustained-Release Formulations," wherein a
protein is encapsulated in PLGA microspheres, this reference
which is hereby incorporated herein by reference 1in 1its
entirety, In addition, micrecemulsions or colloidal drug
20 delivery systems such as liposomes and albumin microspheres,
may also Dbe used. Other preferred sustained-release
compositions emplcoy a bicadhesive to retain the antibody at
the site of administraticon. As noted above, the sustained-
release formulation may comprise a Dbiodegradable polymer
25 into which the antibody is dispossd, which may provide for
non-immediate release. Non~injectable devices may be
described herein as an “impiant”, *“pharmaceutical depot
implant”, *“depcot implant”™, “non-injectable depot” or some
such similar term. Common depot implants may include, but
30 are not limited to, solid  biodecgradable and non-
bicdegradable polymer devices {such as an extended polymer

or coaxial rod shaped devicge), as well as numercus pump
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cell line was provided by Dennis J. Selkoe, M.D. at Harvard Medical School. EXAMPLE 7
CHARACTERIZATION OF 1303 REACTIVITY BY EM. The method of staining was performed using a
standard 5 protocol.(Brenner, et al. Biochim. Biophys. Ada 34, 103- 110 (1959)).A small volume (10
microliters) of a 0.2mg/m1 protofibrillar solution was applied to carbon-coated formvar grids (400
mesh) for 2 min. Then the grids were blocked in 1%BSA and incubated with the 1303 antibody
followed by a 10 subsequent incubation with a secondary antibody conjugated to colloidal gold. The
samples were negatively stained by placing on 2 successive drops of 2% phosphotungstic acid for 30
sec each. Excess stain was drawn off with filter paper, the grids were air dried, and observed on a
JEOL 1000X 15 transmission electron microscope at 80kV. Images were recorded on large format
Kodak 4489 negativessand tigitizedronia flathett scanderiect4EM (Famiurcs Edactre® Mieroscopy)

images showingthe binding specificity of the-anti-AZ antibody slone 1393 te 20:AL42 fiers (Figures
7B and 70), whereas the isotype control antibody, IgG1 shows no binding (Figure 7A). The secondary
antibody is confu§afed 8’4 colloidal GO FamiEe. EXAMPLE %?Ei%ﬁjsti’ﬁ%m NTORA MOUSE
MODEL OF HUMAN tADFhe 1808 mpnoicictalartibodiswasassad t6 reat AP 25 plagues in an

Alzheimer's Disease meuse modeli 1 CRNDS,; Jhe mpuse coptaips the buman: APRAS cDNA
transgene, which accelerates the deposition ofc%) m Icigaplagues in thearggus%g{%glf agpearing

within 1 month %gf%ngte.%f%lén%ﬁ%egrou% §F6 cﬁg mice%ive weeks in age were glvé3 0

immunizations of theiE308mhonocidnalantibedy ats® corteritbativhOfEBmgikg efipidge once a week
for the duration-af.seven weeks. Asecond grouR @f 5 JOGRNDS:MiEge antibody over

time. Such a device will be capable of carrying the drug
10 formulation in  such quantities as therapeutically or
prophvlactically reguired for treatment over the pre-
selected period. The depot Iimplant may alsc provide
protection to the formulation from degradation by body
processes {such as proteases) for the duration of treatment.
15 As known in the art, the term “sustained-release” refers to
rhe gradual ({(continuous or discontinucus) release of such an
agent from the block polymer matrix over an extended period
of time. Regardiess of the specific device, the sustained-
release of the 13C3~like antibody composition will result in
20 a local, biclogically effective concentrations of the
antibody. A sustained release of the blological agent(s)
will be for a periocd of a single day, several days, & week
or more; but most ilikely for a month or more, C©r up to about
six months, depending on the formulation. Natural or
25 synthetic polymers known 1n the art will be wuseful as a
depot implant due to characteristics such as versatile
degradation kinetics, safety, and bilocompatibility. These
copolymers can be manipulated to modify the pharmacokinetics
of the active ingredient, shield the agent from enzymatic
30  attack, as well as degrading over time at the site of
attachment or injection. The artisan will understand that

there are ample teachings 1in tThe art to manipulate the



were given the treatment course, however an isotype control IgG1 antibody was administered.
Experiments were repeated with treatments at twice a week instead of once a week. Both control and
experimental animals were sacrificed 5 at 12 weeks of age. Histological preparations of the brains
revealed reductions in Ap plagues in 1303 treated mice. Serial sections of cryopreserved brains
from TgCRND8 mice were treated with 1303 or IgG1 monoclonal antibodies. Figures 8A and 8B
illustrate differences in the number of Ap 10 amyloid plaques between each respective antibody.
Statistical T-tests show that the 1303 antibody treatment at once a week reduces AP amyloid plagues
in the Alzheimer Disease model (Figure 9A). However, twice a week treatments (Figure 93) show the
same level of plaque 15 reduction.  All of the above TgCRND8 mice were obtained from Dr. David
Westaway of the tiriversity obTorontesEXAMPLEOr MOLECULAR CHARACEERIZATION OF THE

VARIABLE REGIQNS QF,MAB 1303.20The.gG, beavy,chain variable region andhthe laG Kappa light

chain region were cloned from the 1303 hybridoma. Both heavy and light cbain sequences (Figure 10)
were analyzed UG YBRSEZ {fittp IRikr. 065582 015 % dat&base CHydtit-lingvafdhig genes from
the immunoglobulindodiof. 25 Ramar andahpusesexiracteddramitheEMBb:Bank arndlEnsembl data

libraries. (Retter.efal; Nucleic Acids Res. 33iP671-4 (2003)). Resplts for.the analysis; identified that

both the heavy and light chain variable reglons were from a newly identified immuno Iobhlin but had
73% and 81% RiEntY 50385pEE ively IO Gther Tmmunbgtdbulin vatkbié r&gions fit the atabase. Also
identified in theseiseguencescagainstthese databasesanere theaRFrameiWorkeRegionsgFIVR) and the

Complementarﬁx@%t@rmin@%@@@i%%@@ngﬁ%kthﬁgl%m&yr%ligmgy varied ywhensequences
were analyzed against VBASE, KABAT, and IMGT/LIGM database. _
are not limited Lo wvarious polyesters, copolymers of L-
10 glutamic acid and gamma ethyl-l-glutamate (Sidman et al.,
1983, PRilopolymers 22:547-556}, polylactides {[PLA]; U.S.
Pat. No. 3,773,919 and EP 008,481y, polylactate
polyglyecclate (PLGA) such as polyvlactide-co-glycolide (see,
fer example, U.3. Pat. Nos. 4,767,628 and 5,654,008),
15 pelyglycolide (PG), polyethylene glvcol (PEG) conjugates of
poly {(G-hydroxy acids), polyorthoesters, polvaspirins,
polyphosphagenes, vinylpyrrolidone, polyvinyl alcohol ({PVA},
PVA-g-PLGA, PEGT~PBT copolymer (pclyactive}, methacrylates,
poly{N-isopropylacrylamide), PEO-PPO-PEC (pluronics), PEO-
20 PPRO-PAR copolymers, PLGA-PREO-PLGA, polyorthoesters ({(POE), or
any combinations therecf, as described above (see, for
example, U.S5. Pat. No. 6,9%1,854 and U.S5. Pat. Appl. No.
20050187631, each of which 1s dincorporated herein Dby
reference in 1ts entirety, hvdrogels (see, for example,
25 Langer et al., 1981, J. Biomed. Mater, Res, 15:167-277;
Langer, 1982, Chem. Tech. 12:98-105, non-degradable
ethylene-vinyl acetate (e.g. ethylene vinvyl acetate disks
and polyiethylene-co-vinyl  acetate)), degradable lactic
acid-glycolic acid copolyvers such as the Lupron Depot®,
30 poly-D-{-)-3-hydroxybutvric acid (EP 133,988), hyaluronic
acid gels (see, for example, U.S., Pat. No. 4,636,524,

alginic acid suspensiocons, polyorthoesters (PCE), and the
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EXAMPLE 10: ACUTE PERIPHERAL ADMINISTRATION OF 1303 IN APP TRANSGENIC MICE
DOES NOT LEAD TO AN INCREASE IN PLASMA Al 5 UNLIKE REFERENCE ANTIBODY 3D6
ADMINISTRATION APP transgenic mice (Thy APPSL, age 10-14 weeks) were injected
intraperitoneally at the dose of 10 mg/kg (i.e., 300 lig/mouse) with antibodies 1303, a control IgG1
(DM4, not recognizing Al) and a reference anti-AZ antibody 3D6 10 recognizing all conformers of Al.
Plasma Al was quantified at time zero pre-injection, 6h, 24 h and 7days post injection in the same
mice. Quantification of plasma Al was performed with an immunoassay using anti-A8 antibody pairs
not interfering with 1303 or 3D6 binding to Al. 15Administration of 3D6,an antibody against all
conformers of Al, leads to a large increase in plasma Al, likely by protecting Al molecules from
degradation. This-effect Aasrused Idsughest thenpoténtial<peripheraksinkt hypothesis ds mechanism

of action of anti-AZ:immungtherapy 20 (Demattos gt.al., 2001, RNAS 17:885Q). Unlike, 306, 1303

administration does not lead to any increase in plasma Al levels. This is consistent with the properties

of 1303, an anfi68y thafis GFdifié 16 the Brotofibriliar 16#RE of AEHPIE Aot fecdynizifg the soluble
mono- or oligomegictformis 25 0f M peptide: Theseforms ase thd tikelylenespreseéntiniplasma.

EXAMPLEs11: 1303 BEGOGNIZES HUMAN AMYLOID NEYRITIC PLAQUESHAGGREGATED) IN
AD BRAINS BUT NOT THE DIFFUSE Al DEPOSITS UNLIKE THE REFERENCE 3D6 ANTI-AB

ANTIBODY 30fmmufiShistotherist§ StiiBicd Were PeABAMEE Wit 1303'4Ad 306 afftibGdies on human
Alzheimer-diaghosedbrainsectionsedsiagtstandalddechhiguies: Antilfody impsunostairiing was

detected with %@%a@@??mﬁggﬁfgﬁg- b%?é@%@@@,ls amyoid depositswith a typical merphology of
mature amyloid neuritic plagues (also called dense plaques) with a very dense core surrounded by a
lighter halo or forifié Ial‘éjélG Pagtids B iefy strongEtaining i &djadaitbrain Sedtioné SDs stains
many morkobjécts thas 1808 as seenat lower Simagnification-(Rigr 423 deft panels) Bother

characterizatiogﬂlfg’_gpg&Eny@grgiggatiggl(ﬁg._%giEight Qg:pg;s) igg&catsgf%q;ﬂti;g%j%b I§ Jttjesame

mature amyloid neuritic plagues as 1303 and, in addition, numerous diffise amy oid eposits that have
been classically tescribEd tsitgy Ip anticABRfhtHdtabellings The diffuse plagués arédor of fibrillar
nature as desctibed-nithediteratuie asstheyreanneihe detecteddys thisflavinS aad-ether histological
markers of fibri{DsO_(L apn,. 1989, Ann. Megx%c:?l/%?%}‘ Jo.ile out differences, in sensitiyity of the two

antibodies, 15 similar experiments were con Ucted with a higher concentration 520 ug/m1l) of 1303 and

again diffise dBpOERS CoNG Foft e detected CHHR datalid iconsistent with #He propertiesf 1303, an
antibody that issspeeificor the protofibrillay formsrobAB and 45 not secognizing the20-soluble mono- or
oligomeric forme, of AR pgpligs.uplie. 306, INDUSTRIAL APELICABILITY, .., The ipyention has
applications in he treatfnent andadlagnoss of Alzheimeér's disease
include but are not limited to various cellulose derivatives
{carboxymethyl cellulose, cellulose acetate, cellulose
20 acetate propiocnate, ethyl cellulose, hydroxypropyl methyl
cellulose) silicon-based 1mplants (polydimethylsiloxane),
acrylic polvmers, (polilvmethacrylate, polymethylmethacryiate,
polyhydroxy(ethylmethylacryiate), as well as polyvethylene-
co-(vinyl acetate), poloxamer, polyvinylpyrrolidone,
25 poloxanmine, polypropylene, polvamide, polyacetal, polyester,
poly ethylene~chleorotriflucorcethylene,
polytetrafluocrcethylene {PTEFE or "Taeflon™"), styrene
butadiene rubber, polyethylene, polypropvlens, polyphenylene
oxide-polystyrens, poly-a-chlero-p-xyleneg,
30 polymethylpentene, polysulfone and other related bicstable
polymers. Carriers suitable for sustained-release depot

formulations include, but are not limited to, micospheres,
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All publications cited in the specification, both 25 patent publications and non-patent publications, are
indicative of the level of skill of those skilled in the art to which this invention pertains. All these
publications are herein fully incorporated by reference to the same extent as if each individual
publication were specifically 30 and individually indicated as being incorporated by reference.
Although the invention herein has been described with reference to particular embodiments, it is to be
understood that these embodiments are merely illustrative of the principles and applications of the
present invention. It is 5 therefore to be understood that numerous modifications may be made to the
illustrative embodiments and that other arrangements may be devised without departing from the spirit
and scope of the present invention as defined by the following claims. WHAT IS CLAIMED TS: 1.
An isolated antibady that speeificadly interactscard shows esmeasurables&ffinityto-a confermational

epitope of a protofibril form of AR peplide, wherebythe-profefibrls epitopejssepresented by an
exposed region of a AP§rotofibriI form comprising the amino acid sequence as set forth in SEQ ID

NO:2, wherein &/ "RAtiBody Shows Mihimal OF Ho- Aty foF Hidnonter 8Fditet $6fms GFAP peptide.
2. The antibodyief cladined which s-a mdirsclopab 20 &ntibodyatentd. T™ee mohAeéond Etibody of

claim 2 which ig & bumanized mapoglonal antibodyss . 14<The menaglonal antibgdy.of:claim 2 which
is @ human monoclonal antiboclil%/. 155.An isolated antibod%/ that specifically interacts and shows a

measurable affifiity 184 cShtorMational Bpitop of & Brotbfibfi-formiof A% peptide; wherdby the

protofibril dosage form must be capable of carrying the drug formulation
in  such quantities and concentration as therapeutically
reguired for treatment over the pre-selected period, and

10 must provide sufficient protection to the formulation from
degradaticn by body processes for the duration of treatment.

For example, the dosage form can be surrounded by an
exterior made of a material that has properties to protect
against degradation from metabolic processes and the risk

15 of, e.g., leakage, cracking, breakage, or distcrtion. This
can prevent expelling of the dosage form contents in an
uncontrolled manner under stresses 1t would be subijected to
during use, e.g., due to physical forces exerted upon the
drug release device as a result of normal Hdoint articulation

20 and cother movements by the subject or for example, in
convective drug delivery devices, physical forces associated
with pressure generated within the reservoir. The drug
reservoir or other means for holding or containing the drug
must also be of such material as to aveld unintended

25 reacticns  with the active agent formulation, and 1s
preferably biccompatible (e.g., where the dosage form is
implanted, it 1s substantially non-reactive with respect to

a subject's body or body fluids). Generally, the respective
biolegical agenti(s) is administsred to an individual for at

30 least 12 hours to at least a week, and most likely via an
implant designed to deliver a drug for at least 10, 20, 30,

10C days or at least 4 months, or at least 6 months cr more,
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epitope is represented by an exposed region of a AP- protofibril form comprising an amino acid
sequence selected 20 from the group consisting of SEQ ID NO:3 and SEQ ID NO:4, wherein said
antibody shows minimal or no affinity for monomer or dimer forms of AO peptide. 6.The antibody of
claim 5 which is a monoclonal antibody. 257.The monoclonal antibody of claim 6 which is designated
13C3. 8.The monoclonal antibody of claim 6 which is a humanized monoclonal antibody 9. The
monoclonal antibody of claim 6 which is a human monoclonal antibody. 10. The antibody of claim
5 further comprising a variable light chain comprised of the amino acid sequence as 5 set forth in SEQ
ID NO:5. 11. The antibody of claim 5 further comprising a variable heavy chain comprised of the

amino acid sequence as set forth in SEQ ID NO:7.
as regulired. The 13C3-1like antibody can be delivered at

such relatively lcw volume rates, e.g., from about 0.001
ml/day to 1 ml/day so as to minimize tissue disturbance or
trauma near the site where the formulation is released. The
5 formulation may be released at a rate of, depending on the
specific bioleogical agenti{s), at a low dose, e.g., from
about 0.01 wg/hr or C.1 wg/hr, 0.25 ug/hr, 1 ng/hr,
generally up to about 200 ug/hr, or the formulation 1is
delivered at a low volume rate e.g., a velume rate of from
10 about 0.001 ml/day to about 1 ml/day, for example, 0.01
micrograms per day up to about 20 milligrams per day.
Dosage depends on a number of factors such as potency,
bioavailability, and toxicity of the active ingredient
(e.g., IgG antibedy) used and the reguirements of the

15 subiect.
These and other objects, advantages and features of the
present invention will Dbecome apparent to those persons
skilled 1in the art upon reading the details of the

methodology and compositicns as more fully sst forth below.

20 EXAMPLES
EXAMPLE 1: PREPARING THE PROTOFIBRILLAR FORM OF AMYLOID BETA
(aB4a2)

AB42  synthetic peptides (American Peptide Company,

Inc., CA) were prepared according to the method described by

25 Fezoui et al. (Fezoui, et al. Amyloid 7(3): 166-178.
(2000)) Briefly, Llyophilized AB42 was dissolved in 2mM NaOH

at a Img/ml cencentratlion (pH~10.5) followed by sonication

and lyophilization. NaOH-treated AP was dissolved in water

at a concentration of lmg/ml and filtered with a 0.22um

30 ULTRAFREE-MC filter (Millipore, MA). A 0.5mg/ml peptide
solution was buffered at the final concentration of 50mM

phosphate; 100mM sodium chleoride and incubated for 4 hr, at
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12The antibody of claim 5 further comprising a 10 variable light chain comprising a ODR1 region as set
forth in SEQ ID NO:13, a CDR2 region as set forth in SEQ ID NO:14, and a CDR3 as set forth in SEQ
ID NO:15. 13The antibody of claim 5 further comprising a variable heavy chain comprised of a ODR1
region as set forth 15in SEQ ID NO:20, a CDR2 region as set forth In SEQ ID NO:21, and a CDR3 as
set forth in SEQ ID NO:22. 14. A method of producing a monoclonal antibody which specifically
binds in vitro to a repeating conformational epitope of a protofibril form of 0-amyloid peptide while 20
showing minimal affinity to low molecular weight forms of 0- amyloid peptide, comprising: (@)
immunizing a mammal with the protofibril form of 0- amyloid peptide; (b) harvesting B-cells of said
mammal; 25(c) creating hybridomas from the harvested B-cells, wherein said hybridomas produce
antibodies; and;con  {drseleetingchybrifionteswhidts piddude antibodies specifiealty Bireling to the
protofibril form of O-amyloigh peptide-while showingminimal affinity to ;mepemer or-dimearforms of
P-amyloid pept%de. 15. A meéhod for quaqtlfg/Ln&glle amount of a protoflgnl for]'fgn ro.f ﬁ-éaorlnylmd

peptide in atissﬁg%trjfﬂfiatbesarﬁps)fél?%or%f)?lsmg: usj(g)nobcfgﬁrr{lﬁ e tiss e or Iﬁldlsémple from a

subject; SEC fractions were then stored at 4C°,

5 Various forms of the AB42 protein are represented as
showing i1ts ability as a monomer or dimer to asscciate
together to form a high-molecular weight oligomer
{(preotofibril) (Figure 1). Further aggregation o©f the
soluble protofibrils creates an insciuble form o©f the

I0 protein, whereas the protofibrils can disassoclate back to a
lower molecular weight form.

To purify the protofibrillar form of AR from the low-
molecular weight proteins, samples were fractionated with an
AKTA chromatography system using 2a Superdex 75 size-

15  exclusion column. Figure 2A shows that without incubating
the A0 42 synthetic peptides at room temperature, there 1is
no aggregation of oligomers to form the protecfibrils.
Figure 2B i1llustrates that after a 4 hr. incubaticn of the
APB42 synthetic peptides, subsequent SEC purification shows a

20 definitive protofibril fraction.

EXAMPLE 2Z: GENERATING MONOQCLONAL ANTIBODIES WITH SPECIFICITY
FOR PROTOFIBRILLAR AP

The 13C3, 1%A6, and 1Dl antibodies were created by

immunizing Balb/¢ mice with the fibrilliar AR protein using

25 & protocol known in the art. {Harlow, et al. Cold Spring
Harbor Labcratory. (1988)} Spleens were removaed and fused
with SP2 myeloma cells in several %96 well plates. Fusion

cultures were monitored for growth and supernatants were
screened for theilr ability to bind the protofibrilliar

30  fraction by antibody-capture lmmuncassays.
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(b) contacting the tissue or fluid sample with an antibody or fragment thereof that specifically binds to
the 10 protofibril form of P-amyloid peptide while showing minimal affinity to low molecular weight
forms of P-amyloid peptide; and, (c) quantifying the amount of protofibril form of Ramyloid peptide
in the sample. 1516. The method of claim 15 wherein the antibody is monoclonal antibody selected
from the group consisting of 13C3, 1D1 and 19A6. 17. A kit for detecting protofibril form of
P-amyloid peptide while showing minimal affinity to low molecular 20 weight forms of P-amyloid
peptide, comprising: (a) an antibody or a fragment thereof, capable of specifically binding in vitro
to a repeating conformational epitope of a protofibril form of P-amyloid peptide while  showing
minimal affinity to low molecular weight forms of 325 amyloid peptide; and, (b) a reagent that
binds, directly, ®¥aHdirEctly; t¢said-antibodyOriihe faghienttheregf. ANTIEBIDIHRE kivdfElaim 17
wherein the antiBBayHS dHoEIGhalRintiFodRSéektedfrom the group consisting of 1303, 101 and
19A6. 19. A methed ofdrgating o5 preventing dgpositign.af 5 Vianayloid fiper ptagues within a

mammal which comprises,administering o the mammal phaymaceutically effective amount of at the
minimum, variable region fragmenetew IC speuﬁcally interacts with the pro?oflbrlf?orm of pamyloid
peptide so-as t&irkilsicformationtind déddsitionnef 10°Vamyloitrfivet plagugsr plates,

50ul of a 2ug/ml protefibriliar ABR42 protein solution was

added to each well and the plates were incubated at 4°C

overnight. After incubation, the residual antigen solution

was removed and washed with PBS solution. Serial dilutions

10 of the hybridoma supernatants were added to the plates
containing the bound antigen and incubated for 1 hour at
room temperature. This primary antibody soliutlon was
removed and the wells were again washed with PBS soliution.
An enzyme-labeled secondary antibody was next added and

15 incubated for 1 hour at room temperature. After removal of
the secondary antibkody solution, a chromogenic substrate
specific for the conjugated enzyme, was added to the
reaction and the detection of the captured antibody vyielded
quantitative results.

20 Additionally, changing  the sacondary  reagent to
isotype-specific anti-immuncglobulin antibodies, the
particular immunoglobulin isotype o0f each monoclonal was
identified. In these experiments, commercially available
anti-ABR4z antibodies were used to compare the binding

25 specificity of 13C3, 19A6, and 101 mcnoclonal antibodies.

Figures 3A and B illustrate the protcofibrillar (PF) and
the low-molecular welight (LMW} fcorms o©f the AR42 peptide
used to test the specificity of the 13C3 - antibody in
antibody capture immunoassays. Speclfically, Figure 3A

30 illustrates the plot generated from the ELISAs showing that
the 13C3 antibody 1s specific for the protofibrillar

form (PF)y of AR42 and does not recognize the low-molecular
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20. The method of claim 19 wherein the antibody is a monoclonal antibody. 21. The method of
claim 20 wherein the monoclonal antibody is an antibody selected from the group consisting 150f
1303, 19A6 and 101. 22. The method of claim 20 wherein the monoclonal antibody is a
humanized monoclonal antibody. 23. The method of claim 20 wherein the monoclonal antibody is
a human monoclonal antibody. 2024. A hybridoma which secretes an antibody selected from the group
consisting of 1303, 19A6 and 101. 25. An isolated nucleic acid molecule encoding a variable
heavy chain fragment of monoclonal antibody 1303  wherein the variable heavy chain fragment
comprises the 25 amino acid sequence as set forth in SEQ ID NO:7. 26. An isolated nucleic acid
molecule encoding a variable heavy chain fragment of monoclonal antibody 1303 wherein the nucleic
acid molecule camprisesithe nuclestide segrienceras set farigeEQR D NQ:8s t rat &4 . Areexpression
vector for the eéeg%éhsiocrﬂagg a \‘égggbl%anvgo%pn%ipcf{%g@enta% nloa%qclongégntgbnocqyg%%% ina
recombinant host cell wherein said expression vector coRtains the nucleic acid moleculd 'of claim 26.
528. A host celP#HicH @xpfésses a aizblé Heaw thainfragifient of trensélofal antibsay 1303
wherein said hasicell-cantaips the expressionvectos af tlaim 27 «in . 29. An isolated nucleic acid
ool Toh G B able I el [0 LA, Ty ;%whlf)ﬁ in the
variable light chaln.ragment camprises e amino guidaeqiente 2556 T In SEQ ac§0'5
An isolated nuc]%lfA%ggEmo ecule encoding a'variable light chain fr

1303 wherein the nucleic acid molecule comprises the nucleotide ,
The purified monoclonal antibodies listed in Table 1

30.
agment o monoﬁona antibody

(below), were Iimmobillized o & BlAccre sensor chip in
10 accordance with publish protocols. {Nice, et al. BicEssays
21: 339-352 (1289)). The high sensitivity of the BIAcore
cptical respconse guantifies a change in reflectivity and a
baseline response for the ligand alone 1s generated, The
interaction analysis 1s performed as the analytes, the LMW
15 form or the PF form of AR42, are infjected in solution over
the sensor chip and the change in surface plasmon resonance
generates a response identifying the specificity of each
antibody’s ability to bind LMW and PF AR4Z. Both the 13C3
and the 1%A6 antibodies all bound to the PF form of AR 42
20 with higher specificity than the LMW form. Of all the
antibodies used 1n  this experiment, the commercially-
avallable antibodies showed higher specificity for the LMW
AR4Z2 over the PF form of AR 42, as indicated the ratio cof PF
binding/ LMW binding.
25 . Table 1

BIACORE Binding Analysis
F -

3D6 AB 1 igG2b  Elan Pharmaceuticals 424.6 4027 0.9
4G8 AR 17-22  igG2b  Senetek Inc. 228.6 340.3 1.5
6E10 AP 3-B igG2b  Seneiek Inc. 4001 841.9 14
B2E1 AB 117 taG1 IBL 639 684 1.0

The Surface Plasmon Resonance Analysis shown by

sensorgram that 13C3 (Figure 4B) does not bind the LMW forms
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15 sequence as set for in SEQ ID NO:6. 31. An expression vector for the expression of a variable
light chain fragment of monoclonal antibody 1303 in a recombinant host cell wherein said expression
vector contains the nucleic acid molecule of claim 30. 2032. A host cell which expresses a variable
light chain fragment of monoclonal antibody 1303 wherein said host cell contains the expression vector
of claim 31. 33. An isolated variable heavy chain fragment of monoclonal antibody 1303 which
comprises the amino acid 25sequence set forth in SEQ ID NO:7. 34. An isolated variable light
chain fragment of monoclonal antibody 1303 which comprises the amino acid sequence set forth in
SEQ ID NO:5. PCTSEQUENCE SEQUENCE LISTING <110> The Rockefeller University <120>
Antibodies Specific for the Protofibril form of Beta-Amyloid Protein <130> 34757SG1 <140> N/A
<141> 2008-11>14 XA 50= 60/988;481 <1Fb»@007-11-16 <45D> 61/0L8747~) shows a

standard assoclation/disassociation curve for the LMW AR42
protein. The antibody isotype control IgGl (Figure C) does
not bkind the LMW AR as well, Automated BlAcore systems,
5 which wuse the detection principle o¢f Surface Plasmon
Resonance, were used Iin these experiments. The binding
specificity data for the 19A6 antibody showed that 19A6 had
a binding ratio of 5.8, which is similar to that of 13C3 at
a ratio of 5.3,
10 EXAMPLE 5: EPITOPE MAPPING OF THE 13C3 ANTIBODY
Mapping the epitopes o¢f 13C3, 1D1 and 19A6 was
conducted using the RepliTope Microarrays system ({JPT
Peptide Technologies GmbH)} according to published protocol.
(Korth, et al. 3%0: 74 (1%97)). Each spot on the
15 microarray contains a 13 aminoc acid peptide of AR42 where
each shift in pesition on the microarray represents an amino
acid shift {fom N-term fto C-term), i.e. SEQ ID NO: 23, SEQ
ID NO: 24..8EQ ID NO: 51; and SEQ ID NO: 52. listed below
are the peptides and their exact amino acid secguence,
20 corresponding to thelr position on the slide array. Once
the peptides are fixed t¢ the RepliTope Microarray, the
samples are 1ncubated with the 13C3 antibody and then
subsequently labeled with a secondary that is conjugated to
a chemiluminescence tag of choice. The spots that vield a
25 signal represent the epitope binding sites on the protein by
the antibody.

Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val His (SEQ ID NO:
23)
Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val His His {(SEQ ID NO:
30 24)
Glu Phe Arg His Asp Ser Gly Tyr Glu Vval His His Gln (SEQ ID NO:
25)
Phe Arg His Asp Ser Gly Tyr Glu Val His His Gln Lys (SEQ ID NO:
2¢)
35 Arg His Asp Ser Gly Tyr Glu Val His His Gln Lys Leu {SEQ ID NO:
27)
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<151> 2008-01-08 <160> 52 <170> Patentln version 3.5 <210> 1 <211> 42 <212> PRT <213> Homo
sapiens <400> 1 Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val His His GIn Lys 151015 Leo Val
Phe Phe Ala Glu Asp Val Gly Ser Asn Lys Gly Ala lle lle 202530 Gly Leu Met Val Gly Gly val val lle
Ala 3540 <210> 2 <211> 20 <212> PRT

His Asp Ser Gly Tyr Glu Val His His Gln Lys Leu Val (SEQ ID NO:

ii; Ser Gly Tyr Glu Val His His Gln Lys Leu Val Phe (SEQ ID NO:
5 gii Gly Tyr Glu Val His His Gln Lys Leu Val Phe Phe (SEQ ID NO;
éi; Tyr Giu Val His His Gln Lys Leu Val Phe Phe Ala (SEQ ID NO:
i;i Glu Val His His Gln Lys Leu Val Phe Phe Ala Glu {(SEQ ID NO:
0 gii Val His His Gln Lys Leu Val Phe Phe Ala Glu Asp (3EQ ID NO:
32; His His Gln Lys Leu Val Phe Phe Ala Glu Asp Val (SEQ ID NO:
15 ;i; His Gln Lys Leu Val Phe Phe Ala Glu Asp Val Gly (SEQ ID NO:
éié Gln Lys Leu Val Fhe Phe Ala CGlu Asp Val Gly Ser (SEQ ID NO:
éig Lys Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn (SEQ ID NO:
20 37N
Lys Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys (SEQ ID NO:
Eii Val Phe Phe Ala Glu Asp vVal Gly Ser Asn Lys Gly (SEQ ID NO:
25 321 Phe Phe Ala Glu Asp Val Gly Ser Asn Lys Gly Ala (SEQ ID NO:
;g; Fhe Ala Glu Asp Val Gly Ser Asn Lys §ly Ala I[le (SBEQ ID NO:
é;; Ala Glu ARsp Val Gly Ser Asn Lys Gly Ala Ile Ile (SEQ ID NO:
36 42y :
Ala Glu Asp Val Gly Ser Asn Lys Gly Ala Ile Ile Gly {SEQ ID NO:
éi; Asp Val Gly S8er Asn Lys Gly Ala Ile Ile Gly Leu ({SEQ ID NO:
35 ié; val Gly Ser Asn Lys Gly Ala Ile Ile Gly Leu Met (SEQ ID NO:
éii Gly Ser Asn Lys Gly Ala Ile Ile Gly Leu Met Val (SEQ ID NO:
éi; Ser Asn Lys Gly Ala Ile Ile Gly Leu Met Val Gly (SEQ ID NO:
40 47
Ser Asn Lys Gly Ala Ile Ile Gly Leu Met Val Gly Gly (SEQ ID NO:
iii Lys Gly Ala Ile Ile Gly Leu Met Val Gly Gly Val (SEQ ID NO:
43 Iigr; Gly Ala Ile Ils Gly Leu Met Val Gly Gly Vval Val (SEQ ID HNO:
25; Ala Ile Ile Gly Leu Met Val Gly Gly Val Val Ile (SEQ ID NO:
1
50 ;i; Tle Ile Gly Leu Met Val Gly Gly Val val Ile Ala (SEQ ID NO:
52)
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<213> Homo sapiens <400> 2 Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val His His Gin Lys
151015 Leu Val Phe Phe 20 <210> 3 <211> 9 <212> PRT <213> Homo sapiens <400> 3 Phe Arg His
Asp Ser Gly Tyr Glu Val 15 <210> 4 PCTSEQUENCE <211> 12 <212> PRT <213> Homo sapiens

Figure bA illustrates a dot Dblot frem a RepliTope
Microarray experiment identifying the epitopes of the
antibodies, 13C3, 1D1 and 4G8 on the AP 1-42 peptide. The
bound antibody is represented by a chemiluminescent signal.

53 Figures 5B illustrates the A 1-42 amino acid sequence
showing the polypeptide segments of the 13C3 epitopes as
they occur 1in the sequence. The 1Dl antibody shows the
same epitopes as the 13C3 whereas the commercial 4GS
antibody identifies a different epitope.

10 EYAMPLE 6: CHARACTERIZATION OF 13C3 SPECIFICITY

Figure & illustrates fractions ZIrom size-exclusion
chromatography of the supernatants from the 7PAZ cell line,
a secreting AP oligeomer cell line. Antibody capture assays
were used to further characterize the binding of the 13C3

15 antibody with the protofibrillar and Jlow-molecular weight
fractions from the SEC-purified TPAZ, To microtiter
plates, 100ul of a 1:200 dilution of each fraction was added
to egach well and the plates were incubated at 4°C overnight.
After incubatiocn, the residual antigen solutlion was removed

20 and washed with PBES solution. Serial dilutions of the 13C3
supernatants were added to the plates containing the bound
antigen and incubated for 1 hour at room temperature. This
primary antibody solution was removed and the wells were
again washed with PBS sclution. An eéenzyme~labeled secondary

25 antibody was next added and incubated for 1 hour at room
temperature. After removal of the secondary antibody
solution, a chromogenic substrate specific for the
conjugated enzyme, was added to the reaction and the
detection of the captured antibody vyielded guantitative

30 results. This assay identified that the 13C3 antibody
specifically recognizes only the protofibrillar fraction

whaereas the 4GB antibody recognizes all fractions. The 7YPAZ
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<400> 4 Gly Tyr Glu Val His His Gin Lys Leu Val Phe Phe 1510 <210> 5 <211> 113 <212> PRT
<213> Mus musculus <400> 5 Asp Val Val Met Thr Gin Thr Pro Leu Ser Leu Pro Val Ser Leu Gly
151015 Asp Gin Ala Ser lle Ser Cys Arg Ser Gly Gin Ser Leu Val His Ser 202530 Asn Gly Asn Thr Tyr
Leu His Trp Tyr Leu Gin Lys Pro Gly Gin Ser 354045 Pro Lys Leu Leu lle Tyr Thr Val Ser Asn Arg Phe
Ser Gly Val Pro 505560 Asp Arg Phe Ser Gly Ser Gly Ser Gly Ser Asp Phe Thr Leu Lys lle

cell line was provided by Dennis J. Selikeoe, M.D. at Harvard
Medical School.
EXAMPLE 7 CHARACTERIZATION OF 13C3 REACTIVITY BY EM.
The method of staining was performed using a standard
5 protocol. {Brenner, et al. Bilochim, Bigphys. Ada 34, 103-
116 (195%)y. A small wvolume (10 microliters) o<of a 0,2mg/ml
protofibrillar solutilon was applied to carbon-coated formvar
grids (400 mesh) for 2 min. Then the grids were blocked in
1%BSA and incubated with the 13C3 antibody followed by a
10 subsequent incubation with a secondary antibeody conjugated
o colleoidal gold. The samples were negatively stained by
placing on 2 successive drops 0f 2% phosphotungstic acid for
30 sec each. Excess staln was drawn off with filter paper,
the g¢grids were ailr dried, and observed on a JEOL 100CX
15 transmission electron microscope at 80kV. Images were
recorded on large format Kodak 4489 negatives and digitized
on a flat bed scanner.
IEM (Immune-Electron Microscopy) images showing the
binding specificity o©f the anti-Ap antibody clone 13C3 to
20 AR42 fibers {Figures 7B and 7C)}, whereas the isotype control
antibody, IgGl shows no binding (Figure 7A). The secondary
antibody 1s conjugated to a colloidal gold particle.
EXAMPLE 8: 12C3 TREATMENT OF A MOUSE MCDEL OF HUMAN AD
The 13C3 monoclonal antibody was used to treat AB
25  plagues in an Alzheimer’s Disease mouse modsl, TgCRNDE. The
mouse contains the human APP695 cDHNA transgene, which
accelerates the deposition of AP amyicid plagues 1n the
mousge brain, appearing within 1 month of age. A sample
group of 5 TgCRNDE mice five weeks 1in age were give
30 dmmunizations of  the 13C3 moncclenal antibody at a
concentration of 10mg/ kg of mouse once a week Lor the

duration of seven weeks., A second group of 5 TgCRNDE mice,
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65707580 Ser Arg Val Glu Ala Glu Asp Leu Gly Val Tyr Phe Cys Ser Gin Asn 859095 Thr Phe Val Pro
Trp Thr Phe Gly Gly Gly Thr Lys Leu Glu lle Lys 100105110 Arg <210> 6 <211> 339 <212> DNA
<213> Mus musculus <400> 6 gatgttgtga tgacccaaac tccactctcc ctgcctgtca gtcttggaga tcaagcectcc60
atctcttgca gatctggtca gagccttgta cacagtaatg gaaacaccta tttacattgg120 tacctgcaga agccaggcca
gtctccaaag ctcctgatct atacagtttc caaccgattt180 tctggggtcc cggacaggtt cagtggcagt ggatcagggt
cagatttcac actcaagatc240 agcagagtgg aggctgagga tctgggagtt tatttctgct ctcaaaatac atttgttcct300
tggacgttcg gtggaggcac caagctggaa atcaaacgg339 PCTSEQUENCE

were given the treatment course, however an isotype control
IgGl antibody was administered. Experiments were repeated
with treatments at twice a week instead of once a week,

Both control and experimental animals were sacrificed

5 at 12 weeks of age. Histclogical preparations of the brains
revealed reductions in AP plagues in 13C3 treated mice.

Serial sections of cryopreserved brains from TgCRNDS
mice were treated with 13C3 or IgGl monocleonal antibodies.
Figures 8A and 8B illustrate differences in the number of AR

10 amyloid plagues between each respective antibody.

Statistical T-tests show that the 13C3 antibody
treatment at once a week reduces AP amylolid plagues in the
Alzheimer Disease model (Figure 9A). However, twice a week
treatments (Figure 9B) show the same level of plague

15 reduction.

All of the above TgCRNDE mice were obtained from Dr.

David Westaway oif the University of Toronto.

EXAMPLE  ©: MOLECULAR CHARACTERIZATION OF THE VARIABLE
REGICNS OF MAB 13C3

20 The IgG heavy chain wvariable region and the IgG Kappa
light chain region were cloned from the 13C3 hybridoma.
Both heavy and light c¢hain seguences (Figure 10) were
analyzed using VBASEZ (http://www.vbaseZ.org), a database of
germ-line variable genes from the dimmunoglobulin loci of

25  human and mouse extracted from the EMBL-Bank and Ensembl
data libraries. (Retter et al. Nucleic Acids Res. 33:D671-4
{2005)). Results for the analysis identified that both the
heavy and light chain wvariasble regions were from a newly
identified immunoglebuliin but had 73% and 81% identity,

30 respectively, to¢ other immunoglobulin variable regions in
the database. Also identified in these segquences against
these databases were the Frame Work Regions {(FWR) and the

Complementarity Determining Regions (CDR). Results were
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<210> 7 <211> 115 <212> PRT <213> mus musculus <400> 7 Gin Val Gin Leu Gin Gin Ser Gly Pro
Glu Leu Val Arg Pro Gly val 151015 Ser Val Lys lle Ser Cys Lys Gly Ser Gly Tyr Thr Phe Thr Asp Tyr
202530 Ala Met His Trp Val Lys Gin Ser His Ala Lys Ser La Glu Trp lle 354045 Gly Val lle Ser Thr Lys
Tyr Gly Lys Thr Asn Tyr Asn Gin Lys Phe 505560 Lys Gly Lys Ala Thr Met Thr val Asp Lys Ser Ser
Ser Thr Ala Tyr 65707580 Met Glu Leu Ala Arg Leu Thr Ser Glu Asp Ser Ala lle Tyr Tyr Cys 859095

only slightly varied when sequences were analyzed against
VBASE, EKABAT, and IMGT/LIGM database.

EXAMPLE 10: ACUTE PERIPHERAL ADMINISTRATION OF 13C3 IN APRP
TRANSGGENIC MICE DOCES NOT LEAD TO AR INCREASE IN PLASMA AB
3 UNLIKE REFERENCE ANTIBODY 3D& ADMINISTRATICN

APP transgenic mice {Thy APPSL, age 10-14 weeks) were
injected intraperitconeally at the dose of 10 mg/kg (i.e.,
300 pg/mouse) with antibodies 13C3, a contrel IgGl (IM4, not
recognizing AR) and a reference anti-AR antibody 3D6

10 recognizing all conformers of AB. Plasma AR was quantified
at time =zero pre-injection, 6h, 24 h and T7days post
injection in the same mice. Quantification of plasma AR was
performed with an imnuncassay using anti-AR antibody pairs
nott interfering with 13C3 or 3D6 binding to AB.

15 Administration of 306, an antibody  against all
conformers of AR, leads to a large increase in plasma AR,
likely by protecting A8 moclecules from degradation. This
effect was used to suggest the potential “peripheral sink”
hypothesis as mechanism of action of anti-AR immunctherapy

20 (Demattos et al., 2001, PNAS 17:8850). Unlike 3D6, 13C3
administration does not lead to any increase in plasma AB
levels. This is consistent with the properties of 1303, an
antibody that is specific for the protofibrillar forms of AB
and is not recognizing the soluble mono~ or oligomeric forms

25  of AR peptide. These forms are the likely ones present in
plasma.

EXAMPLE 1l: 13C3 RECOGNIZES HUMAN AMYLOID NEURITIC PLAQUES
(AGGREGATED) 1IN AD BRAINS BUT NOT THE DIFFUSE AR DEPOSITS
UNLIKE TEE REFERENCE 3D6 ANTI-AR ANTIBODY

30 Immunchistochemistry studies were performed with 13C3
and 3D6 antibodies on  human Alzheimer-diagnosed brain
sections using standard technigues. Antibody immunostaining
was detected with a DAB chromogen (Fig. 12). 13C3 labels

amylold deposits with a typical morphology of mature amyloid
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Ala Arg Gly Asp AS Gly Tyr Ser Trp Gly GIn Gly Thr Ser Val Thr 100105110 val Ser Ser 115 <210> 8
<211> 345 <212> DNA <213> Mus musculus <400> 8 caggtccagc tgcagcagtc tgggcctgag ctggtgaggc
ctggggtctc agtgaagatt60 tcctgcaagg gttccggcta cacattcact gattatgcta tgcactgggt gaagcagagtl20
catgcaaaga gtctagagtg gattggagtt attagtacta agtatggtaa gacaaactac180 aaccagaagt ttaagggcaa
ggccacaatg actgttgaca aatcctccag cacagcctat240 atggagcttg ccagattgac atctgaggat tctgccatct
attactgtgc aagaggggac300 gatggttatt cctggggtca aggaacctca gtcaccgtct cctca345 <210> 9 <211> 26

neuritic plagues (also called dense plagues) with & very
dense core surrounded by a lighter halo or for the larger
plagues a wvery strong staining, In adijacent brain seactions,
3D6 stains many more cbijects than 13C3 as seen at lower
5 magnification {Fig, 1z, left panels). Further
characterization at higher magnification (Fig. 12, right
panels) indicated that 3D6 labsls the same mature amylcid
neuritic plagques as 13C3 and, in addition, numerous diffuse
amyloid deposits that have been classically described using
10 anti-A8 immunclabelling. The diffuse plaques are not of
fibrillar nature as described in the literature as they
cannot be detected by thioflavin $§ and other histological
markers of fibrils (Mann, 1989, Ann. Med. 21:133). To rule
cut differences in sensitivity of the two antibodies,
15  similar experiments were conducted with a higher
concentration (20 pg/ml).of 13C3 and again diffuse deposits
could not be detected. This data is consistent with the
properties of 13C3, an antibody that 1s specific for the
protofibrillar forms of AR and 1is not recognizing the
20 soluble mono- or oligomeric forms of AR peptidé unlike 3D6.
INDUSTRIAL APPLICABILITY
The invention has applications 4in the treatment and
diagnosis of Alzheimer’s disease.
All publicaticns cited in the specification, both
25 patent publications and non-patent  publications, are
indicative of the level of skill of those skilled in the art
to which this invention pertains. All these publications
are herein fully incorporated by reference to the same
extent as 1f each individual publication were specifically
30 and individually indicated as being incorporated by

reference.
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<212> PRT <213> Mus musculus <400> 9 Asp Val Val Met Thr GIn Thr Pro Leu Ser Leu Pro Val Ser

Leu Gly 151015 PCTSEQUENCE Asp Gin Ala Ser lle Ser Cys Arg Ser Gly 2025 <210> 10 <211> 17

<212> PRT <213> Mus musculus <400> 10 Leu His Trp Tyr Leu Gin Lys Pro Gly Gin Ser Pro Lys Leu
Leu lle 151015 Tyr <210> 11 <211> 36 <212> PRT <213> Mus musculus <400> 11 Asn Arg Phe Ser
Gly Val Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly

Although the inventicn herein has been described with
reference to particular embodiments, it is to be understood
that these embeodiments are merely illustrative of the
principles and applications of the present invention. It is

5 therefore to be understood that numerous modifications may
be made to the 1llustrative embodiments and that other
arrangements may be devised without departing from the
spirit and scope of the present invention as defined by the

following claims.
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151015 Ser Asp Phe Thr Leu Lys lle Ser Arg Val Glu Ala Glu Asp Leu Gly 202530 Val Tyr Phe Cys 35
<210> 12 <211> 11 <212> PRT <213> Mus musculus <400> 12 Phe Gly Gly Gly Thr Lys Leu Glu lle
Lys Arg 510 <210> 13 <211> 11 <212> PRT <213> mus musculus <400> 13 Gin Ser Leu Val His Ser
Asn Gly Asn Thr Tyr 1510 <210> 14 <211> 3 <212> PRT <213> Mus musculus

WHAT IS8 CLAIMED IS:

1. An 1iscolated antibody that specifically interacts
and shows a measurable affinity to a conformational epitope
of a protofibril form of AP peptide, whereby the protofibril

5 epitope 1is represented by an exposed regicon of a AP~
protofibril form comprising the amino acid segquence as set
forth in SEQ ID NO:2, wherein sald antiboedy shows minimal or

no affinity for monomer or dimer forms of AP pepride.

2. The antibedy of c¢laim 1 which 1s & menoclonal

10 antibody.

3. The monoclonal antibody of claim 2 which is a

numanized monoclcenal antibody.

4, The monoclonal antibody o0f claim 2 which i1s a

human monoclonal antibody.

15 5, An isolated antibody that specifically interacts
and shows a measurable affinity to a conformaticonal epitope
of & protcfibril form of AP peptide, whereby the protofibril
epitope 1is represented by an exposed region of a AB-
protefibril form comprising an amince acld sequence selected

20 from the group consisting of SEQ ID NO:3 and SEQ ID NO:4,
wherein said antibody shows minimal or nco affinity for

monomer or dimer forms of AP peptide.

6. The antibody of c¢laim 5 which is a meonoclonal
antibody.
25 7. The monocleonal antibedy of claim 6  which is

designated 13C3.

8. The monoclonal antiboedy o©f ¢laim 6 which 1s a

humanized monoclonal antibody



<400> 14 PCTSEQUENCE Thr val Ser 1 <210> 15 <211> 9 <212> PRY <213> Mus musculus <400>
15 Ser Gin Asn Thr Phe Val Pro Trp Thr 15 <210> 16 <211> 23 <212> PRT <213> Mus musculus
<400> 16 Gin Val Gin Leu Gin Gin Ser Gly Pro Glu Leu Val Arg Pro Gly Val 151015 Ser val Lys lle Ser
Cys Lys 20 <210> 17 <211> 17 <212> PRT <213> Mus musculus

9. The monoclonal antibody of claim 6 which is a

human monociconal antibedy.

10. The antibody of c¢laim 5 further comprising a
variable 1light chain comprised of the amino acid sequence as

5 set forth in SEQ ID NO:5.

1. The antibody o©f c¢laim & further comprising a
variable heavy chain comprised of the amino acid segquence as

set forth in SEQ ID NO:7.

12 The antibody of c¢laim 5 further comprising a
0 warizsble light chain comprising a CDR1 region as set forth
in SEC ID NC:13, a CDR2 region as set forth in SEQ ID NO:14,

and a CDR3 as set forth in SEQ ID NO:15.

13 The antibody of c¢laim 35 further comprising a

variable heavy chain comprised of a CDR1l region as set forth

15 in SEQ ID NC:20, a CDRZ2 region as set forth in SEQ ID NO:21,
and a CDR3 as set forth in SEQ ID NG:ZZ.

14. A method of producing a monoclcnal antibody which
specifically binds in vitro to a repeating conformational
epitope of a protofibril form of P-amyloid peptide while

20  showing minimal affinity to low molecular weight forms of B-
amyloid peptide, comprising:

(a) immunizing a mammal with the protofibril form of PB-
amyioid peptide;

{b) harvesting B-~cells of said mammal;

25 {¢) creating hybridomas from the harvested B-cells,
wherein said hybridomas produce antibodies; and,

{c) gelecting  hybridomas which produce antibodies

specifically binding to the protofibril form of PB-amyloid

-9~



<400> 17 Met His Trp Val Lys Gin Ser His Ala Lys Ser Leu Glu Trp lle Gly 151015 val <210> 18
<211> 31 <212> PRY <213> Artificial <220> <223> a variable heavy region for the isolated 13C3 or
13C3-like antibodies <400> 18 Ala Thr Met Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr Met Glu Leu
151015 Ala Arg Leu Thr Ser Glu Asp Ser Ala lle Tyr Tyr Cys Ala Arg 202530 <210> 19 <211> 11
<212> PRT <213> mus musculus PCTSEQUENCE <400> 19 Trp Gly Gin Gly Thr Ser val Thr Val Ser
Ser

peptide while showing minimal affinity to monomer or dimer

forms of P-amyloid peptide.

1>, A methed for quantifying the amcunt of a
protofibril form of PB-amyloid peptide in a tissue or fluid
5 sample, comprising:
{a} obtaining the tissue o¢or f£luild sample from a
subject;
(b} contacting the tissue or fluid sample with an
antibody or fragment thereof that specifically binds to the
i0  protofibril form of P-amyloid peptide while showing minimal
affinity to low molecular weight forms of P-amyloid peptide;

and,

(¢} quantifying the amount of protofibril Fform of fB-

amyloid peptide in the sample.

15 16. The mnmethod of claim 15 wherein the antibody is
monocleonal antibody selected from the group consisting of

13C3, 1iD1 and 1946,

17. A kit for detecting protofibril form of B-amyloid

peptide while showing minimal affinity to low molecular
20  weight forms of P-amyloid peptide, comprising:

(ay an antibody o¢r a fragment thereci, capable of
specifically binding in vitro to a repsating conformational
epitope of a protofibril form of B-amyloid peptide while
showing minimai affinity to low molecular weight forms of PB-

25  amyloid peptide; and,

{b) a reagent that binds, directly, or indirectly, to

said antibody or the fragment thereof.

76-



1510 <210> 20 <211> 10 <212> PRT <213> Mus musculus <400> 20 Gly Ser Gly Tyr Thr Phe Thr
Asp Tyr Ala 1510 <210> 21 <211> 17 <212> PRT <213> Mus musculus <400> 21 lle Ser Thr Lys Tyr
Gly Lys Thr Asn Tyr Asn Gin Lys Phe Lys Gly 151015 Lys <210> 22 <211> 6 <212> PRT <213> Mus
musculus <400> 22 Gly Asp Asp Gly Tyr Ser 15

i8. The kit of claim 17 wherein the antibody is
moneclonal antibody selected from the group consisting of
13C3, 1D1 and 1976,

1. A method of treating or preventing deposition of

5 PB-amyloid fiber plaques within a mammal which comprises
administering to the mammal vpharmaceutically effective
amount ©f, at the minimum, wvariable region fragment which
specifically interacts with the protofibril form of -
amyloid peptide so as to inhibit formation and deposition of

10 B-amyloid fiber plagues.

20. The methed of c¢laim 19 wherein the antibody is a

monoclonal antibody.

23. The methocd of clalm 20 wherein the monoclonal
antibody 1s an antibody selected from the group consisting
i5 of 13C3, 19A6 and 1DIL.

22. The method of claim 20 wherein the monoclonal

antibody is a humanized monoclonal antibody.

23. The method of claim 20 wherein the monoclonal

antibody is a human moncclonal antibody.

20 24, A hybridoma which secretes an antibody selected

from the group consisting of 13C3, 19A% and 1D1.

25, An isclated nucleic acid molecule encoding a
variable heavy chain fragment of monoclonal antibody 1303
wherein the variable heavy chain fragment comprises the

25  amino acld sequence as set forth in SEQ ID NO: 7.

26. An isclated nucleic acid molecule encoding a
variable heavy chain fragment of monoclonal antibody 13C3
wherein the nucleic acid molecule comprises the nuclectide

seguence as set for in SEQ ID NO:8.

71



<210> 23 <211> 13 <212> PRT <213> Homo sapiens <400> 23 Asp Ala Glu Phe Arg His Asp Ser Gly
Tyr Glu Val His 1510 <210> 24 <211> 13 <212> PRT <213> Homo sapiens <400> 24 Ala Glu Phe Arg
His Asp Ser Gly Tyr Glu Val His His 1510 <210> 25 <211> 13 PCTSEQUENCE <212> PRT <213>
Homo sapiens <400> 25 Glu 'he Arg His Asp Ser Gly Tyr Glu Val His His Gin 1510

Z7. An expression vector for the expression of a
variable heavy chain fragment of monociconal antibody 13C3 in
a recombinant host cell wherein said expressicon vector
contains the nucleic acid molecule of claim 26.

5 28. A host cell which expresses a variable heavy chain
fragment of monoclonal antibody 13C3 wherein said host cell
contains the expression vector of claim 27.

29. An isolated nuclieic acid molecule enceding a
variable light chain fragment of monoclonal antibody 13C3

10 wherein the wvariable light chain fragment comprises the
amino acid sequence as set forth in SEQ ID NO:5.

30, An isolated nucleic acid molecule encoding a
variable light chain fragment of moncclonal antibody 13C3
wherein the nucleic acid molecule comprises the nucleotide

15  sequence as set for in SEQ ID NO:6.

31. An expression vector for the expression of a
variable light chain fragment of monoclonal antibody 13C3 in
a recombinant host ¢ell wherein said expression vector
contains the nucleic acid melecule of claim 30.

20 32. A host cell which expresses & variable light chain
fragment of moncclonal antibody 13C3 wherein said host cell

contains the expression vector of claim 31.

33. An 1isolated wvariable heavy chain fragment of
monoclonal antibody 13C3 which comprises the amino acid

25  sequence set forth in SEQ ID NO:7.

34, An lisolated wvariable 1light chain fragment of
monociconal antibody 13C3 which comprises the amino acid

sequence set forth in SEQ ID NO:5.



<210> 26 <211> 13 <212> PRT <213> Homo sapiens <400> 26 Phe Arg His Asp Ser Gly Tyr Glu Val
His His Gin Lys 1510 <210> 27 <211> 13 <212> PRT <213> Homo sapiens <400> 27 Arg His Asp Ser
Gly Tyr Glu Val His His Gin Lys Leu 1510 <210> 28 <211> 13 <212> PRT <213> Homo sapiens
<400> 28 His Asp Ser Gly Tyr Glu Val His His Gin Lys Leu val 1510 <210> 29 <211> 13 <212> PRT
<213> Homo sapiens <400> 29 Asp Ser Gly %@Hu\fﬁ‘&"is His Gin Lys Leu Val Phe 1510 <210> 30
<211> 13 <212> PRT <213> HOMRE@E&RIENS ISTING

<110> The Rockefeller University

<120> Antibodies specific for the Protofibril form of Beta-Amyloid
Protein

<130> 34757SG1

<140> N/A
<141> 2008-11-14

<150> 60/988,481
<151> 2007-11-16

<150> 61/019,747
<151> 2008-01-08

<160> 52
<170> PatentIn version 3.5

<210> 1

<211> 42

<212> PRT

<213> Homo sapiens

<400> 1

Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu val His His GIn Lys
1 5 10 15

Leu val rhe pPhe Ala Glu Asp val Gly Ser Asn Lys Gly Ala Ile Ile
20 25 30

Gly Leu Met val Gly Gly val val Ile Ala
35 40

<210> 2

<211 20

<212> PRT

<213> Homo sapiens

<400> 2

?sp Ala Glu Phe Arg His Asp Ser Gly Tgr Glu val His His GlIn Lys
5 1 15

Leu val Phe phe
20

<210> 3

«<211> 9

<212> PRT

<213> Homo sapiens

<400> 3
Phe Arg HWis Asp Ser Gly Tyr Glu val
1 5

<210> 4
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<400> 30 Ser Gly Tyr Glu Val His His Gin Lys Leu Val The The 1510 <210> 31 <211> 13 <212> PRT
<213> Homo sapiens PCTSEQUENCE <400> 31 Gly Tyr Glu Val His His Gin Lys Leu Val Phe Phe
Ala 1510 <210> 32 <211> 13 <212> PRT <213> Homo sapiens <400> 32 Tyr Glu Val His His Gin Lys
Leu Val Phe Phe Ala Glu 1510 <210> 33 <211> 13 <212> PRT <213> Homo sapiens <400> 33 Glu
Val His His Gin Lys Leu Val Phe Phe Ala Glu Asp dadce

<211> 12
<212> PRT
<213> Homo sapiens
<400> 4
Gly Tyr Glu val His His GIn Lys Leu val Phe Phe
1 5 10
210> 5
<211> 113
<212> PRT
<213> Mus muscuTus
<400> 5
Asp val val Met Thr Gin Thr Pro Leu Ser Leu Pro val Ser Leu Gly
1 5 10 15
Asp GIn Ala Ser Ile Ser Cys Arg Ser Gly GIn Ser Leu val His Ser
20 25 30
Asn Gly Asn Thr Tyr Leu His Trp Tyr Leu GIn Lys Pro Gly GlIn ser
35 40 45
Pro Lys Leu Leu Ite Tyr Thr val ser Asn Arg Phe Ser Gly val Pro
50 55 60
Asp Arg Phe Ser Gly Ser Gly Ser Gly Ser Asp Phe Thr Leu Lys Ile
65 70 75 80
ser Arg val Glu Ala GTu Asp Leu Gly val Tyr phe Cys Ser GIn Asn
85 20 95
Thr pPhe val Pro Trp Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys
100 105 110
Arg
<210> 6
<211> 339
<212> DNA
<213> Mus muscuTus
<400> 6
gatgttgtga tgacccaaac tccactctce ctgectgtca gtcttggaga tcaagectcc 60
atctcttgea gatctggtca gagecttgta cacagtaatg gaaacaccta tttacattgg 120
tacctgcaga agecaggcca gtctccaaag ctoctgatct atacagtttc caaccgattt 180
tctggggtce cggacaggtt cagiggcagt ggatcagggt cagatttcac actcaagatc 240
agcagagtgg aggetgagga totgggagtt tatttctget ctcaaaatac atttgttoct 300
tggacgttcg gtggaggcac caagctggaa atcaaacgg 339

Page 2



<210> 34 <211> 13 <212> PRT <213> Homo sapiens <400> 34 Val His His Gin Lys Leu Val Phe Phe
Ala Glu Asp Val 1510 <210> 35 <211> 13 <212> PRT <213> Homo sapiens <400> 35 His HiS Gin
Lys Leu Val Phe Phe Ala Glu Asp Val Gly 1510 <210> 36 <211> 13 <212> PRT <213> Homo sapiens
<400> 36 His Gin Lys Leu Val Phe Phe Ala Glu Asp Val Gly Ser 1510 <210> 37 <211> 13 <212> PRT
<213> Homo sapiens <400> 37 PCTSEQUE[;I@@E%&@? Leu Val Phe Phe Ala Glu Asp Val Gly Ser

Asn <210> 7
<211> 115
<212> PRT
<213> Mus musculus
<400> 7
Gln val Gin Leu Gln Gln Ser Gly Pro Glu Leu val Arg Pro Gly val
1 5 10 15
Ser val Lys ITe Ser Cys Lys Gly Ser Gly Tyr Thr Phe Thr Asp Tyr
20 25 30
Ala Met His Trp val Lys GIn Ser His Ala Lys Ser Leu Glu Trp Ile
35 40 45
Gly val Ile Ser Thr Lys Tyr Gly Lys Thr Asn Tyr Asn Gln Lys phe
50 55 60
Lys Gly Lys Ala Thr Met Thr val Asp Lys Ser Ser Ser Thr Ala Tyr
65 70 75 80
Met Glu Leu Ala Arg Leu Thr Ser Glu Asp Ser Ala Ile Tyr Tyr Cys
85 90 95
Ala Arg Gly Asp Asp Gly Tyr Ser Trp Gly GlIn Gly Thr Ser val Thr
100 105 110
val Ser Ser
115
<210> 8
<211> 345
<212> DNA
<213> Mus musculus
<400> 8
caggtccage tgcagcagtc tgggcctgag ctggtgague ctggggtcte agtgaagatt 60
tcctgcaagg gttccggeta cacattcact gattatgeta tgcactgggt gaagcagagt 120
catgraaaga gtctagagtg gattggagtt attagtacta agtatggtaa gacaaactac 180
aaccagaagt ttaagggcaa ggccacaatg actgttgaca aatcctecag cacagectat 240
atggagcttg ccagattgac atctgaggat totgecatct attactgtgc aagaggggac 300
gatggttatt cctggggtca aggaacctca gtcaccgtct cctca 345
<210> 9
<211> 26
<212> PRT
<213> Mus musculus
<400> 9

Asp val val Met Thr GIn Thr Pro Leu Ser Leu Pro val Ser Leu Gly

1

5

10

Page 3
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1510 <210> 38 <211> 13 <212> PRT <213> Homo sapiens <400> 38 Lys Leu Val Phe Phe Ala Glu
Asp Val Gly Ser Asn Lys 1510 <210> 39 <211> 13 <212> PRT <213> Homo sapiens <400> 39 Leu
Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys Gly 1510 <210> 40 <211> 13 <212> PRT <213> Homo
sapiens <400> 40 Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys Gly Ala 1510 <210> 41 <211> 13
<212> PRT <213> Homo sapiens <400> 41 '%P&%@g&@lu Asp Val Gly Ser Asn Lys Gly Ala lle 1510

Asp Gln Ala ger Ile Ser Cys Arg Ser Gly
25

<210> 10

<211> 17

<212> PRT

<213> Mus musculus

<400> 10

Leu HWis Trp Tyr Leu GIn Lys Pro Gly Gin Ser Pro Lys Leu Ley Ile
1 5 10 L5

Tyr

<210> 11
<213i> 36
<212> PRT
<213> Mus musculus

<400> 11

Asn Arg Phe Ser Gly val Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly
1 5 10 15

Ser Asp Phe Thr Leu Lys Ile Ser Arg val Glu Ala Glu Asp Leu Gly
20 25 30

val Tyr Phe Cys
35

<210> 12

<211> 11

<212> PRT

<213> Mus musculus

<400> 12

Pphe Gly Gly Gly Thr Lys Leu Glu Ile Lys Arg
1 5 10

<210> 13

<211> 11

<212> PRT

<213> Mus musculus

<400> 13

GIn Ser Leu val His Ser Asn Gly Asn Thr Tyr
1 5 10

<210> 14

<211> 3

<212> PRT

<213> Mus musculus

<400> 14

Page 4



<210> 42 <211> 13 <212> PRT <213> Homo sapiens <400> 42 Phe Ala Glu Asp Val Gly Ser Asn Lys
Gly Ala lle lle 1510 <210> 43 <211> 13 <212> PRT <213> Homo sapiens <400> 43

PCTSEQUENCE 510 <210> 44 <211> 13 <212> PRT <213> Homo sapiens <400> 44 Glu Asp Val
Gly Ser Asn Lys Gly Ala lle lle Gly Leu 1510 <210> 45 <211> 13 <212> PRT <213> Homo sapiens
<400> 45 Asp Val Gly Ser Asn Lys Gly Ala Ileg&q&QUlEﬁyEMet 1510 <210> 46 <211> 13 <212> PRT
<213>{H@m@1sa@iens

<210>
<211>
<212>
<213>

<400>

15

9

PRT

MUS musculus

15

Ser Gin Asn Thr Phe val Pro Trp Thr

1

<210>
<211>
<212>
<213>

<400>

1

5

16

23

PRT

MUs musculus

16

Gin val GIn Leu Gin
5

Gln Ser Gly Pro Glu Leu val Arg Pro Gly val
10 15

ser val Lys Ile Ser Cys Lys
20

<210>
<211>
<212>
<213>

<400>

1

val

<210>
<211>
<212>
<213>

<220>
<223>
<400>

1

17

17

PRT

Mus musculus

17

Met His Trp val Lys
3

18

31

PRT
Artificial

GIn Ser His Ala Lys Ser Leu Giu Trp Ile Gly
10 15

a variable heavy region for the isolated 13C3 or 13¢3-Tike

antihodies

18

Ala Thr Met Thr val Asp Lys Ser Ser Ser Thr Ala Tyr Met Glu Leu
5 15

10

Ala Arg Leu Thr Ser Glu Asp Ser Ala ITe Tyr Tyr Cys Ala Arg
20 25 30

<210>
<21l>
<212>
<213>

19
11
PRT
Mus musculus
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<400> 46 Val Gly Ser Asn Lys Gly Ala lle lle Gly Leu met Val 1510 <210> 47 <211> 13 <212> PRT
<213> Homo sapiens <400> 47 Gly Ser Asn Lys Gly Ala lle lle Gly Leu Met Val Gly 1510 <210> 48
<211> 13 <212> PRT <213> Homo sapiens <400> 48 Ser Asn Lys Gly Ala lle lle Gly Leu met Val Gly
Gly 1510 <210> 49 <211> 13 <212> PRT <213> Homo sapiens <400> 49 Asn Lys Gly Ala lle lle Gly

Leu Met Val Gly Gly Val 1510 Page 10 PCTSEQUENCE

<400> 19

Trp Gly GIn Gly Thr Ser val Thr val Ser Ser
1 5

<210> 20

<211l> 10

<212> PRT

<213> Mus musculus

<400> 20
Gly ser Gly Tyr Thr pPhe Thr Asp Tyr Ala
i 5 10

<210> 21

<211> 17

<212> PRT

<213> Mus musculus

<400> 21

§1e Ser Thr Lys Tyr Gly Lys Thr Asn Tyr Asn GIn Lys Phe Lys Gly
5 10 15

Lys

<210> 22

<211> 6

<212> PRT

<213> Mus musculus

<400> 22

Gly Asp Asp Gly Tyr Ser
1 5

<210> 23

<211> 13

<212> PRT

<213> Homo sapiens

<400> 23

Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu val His
1 5 10

<210> 24

<211> 13

<212> PRT

<213> Homo sapiens

<400> 24

Ala Glu Phe Arg His Asp Ser Gly Tyr Glu val #is His
1 5 10

<210> 25
<211> 13
Page 6



PCTSEQUENCE <210> 50 <211> 13 <212> PRT <213> Homo sapiens <400> 50 Lys Gly Ala lle Ile
Gly Lea Met Val Gly Gly Val Val 1510 <210> 51 <211> 13 <212> PRT <213> Homo sapiens <400> 51
Gly Ala lle lle Gly Lea Met Val Gly Gly Val Val lle 1510 <210> 52 <211> 13 <212> PRT <213> Homo
sapiens <400> 52 Ala lle lle Gly Leu Met val Gly Gly val val lle Ala 1510

PCTSEQUENCE
<212> PRT
<213> Homo sapiens

<400> 25

%Tu Phe Arg His Asp Ser Gly Tyr Glu val His His G1In
5 10

<210> 26

<211> 13

<212> PRT

<213> Homo sapiens

<400> 26

Phe Arg His Asp Ser Gly Tyr Glu val His His Glin Lys
1 5 10

<210> 27

<211> 13

<212> PRT

<213> Homo sapiens

<400> 27

Arg His Asp Ser Gly Tyr Glu val His His GIn Lys Leu
1 5 10

<210> 28

<211> 13

<212> PRT

<213> Homo sapiens

<400> 28

His Asp Ser Gly gyr Glu val His His GIn Lys Leu val
1 10

<210> 29

<211> 13

<212> PRT

<213> Homo sapiens

<400> 29

Asp Ser Gly Tyr Glu val His His GIn Lys Leu val Phe
1 5 10

<210> 30

<211> 13

<212> PRT

<213> Homo sapiens

<400> 30

?er Gly Tyr Glu val His His GIn Lys Leu val Phe phe
5 10

<210- 31
«<211> 13
<212> PRT
<213> Homo sapiens
Page 7/



PCTSEQUENCE

<400> 31

Gly Tyr Glu val #His His GIn Lys Leu val Phe Phe Ala
1 5 10

<210> 32

<211> 13

<212> PRT

<213> Homo sapiens

<400> 32

Tyr Glu val His His Gln Lys Leu val Phe Phe Ala Glu
i 5 10

<210> 33

<21il>= 13

<212> PRT

<213> Homo sapiens

<400> 33

Gly val His His Gin Lys Leu val Phe Phe Ala Glu Asp
1 5 10

<210> 34

<211> 13

<212> PRT

<213> Homo sapiens

<400> 34

val His His Gln Lys Leu val pPhe Phe Ala Glu Asp val
1 5 10

<210> 35

<211> 13

<212> PRT

<213> Homo sapiens

<400> 35

His His Gln Lys Leu val Phe Phe Ala Glu Asp val Gly
1 5 10

<21i0> 36

<211> 13

<212> PRT

<213> Homo sapiens
<400> 36

His Glin Lys Leu val pPhe Phe Ala Glu Asp val Gly Ser
1 5 10

«210> 37
<211l> 13
<212> PRT

<213> Homo sapiens

<400> 37
Page B8



Gln Lys Leu
1

<210> 38
<211> 13
<212> PRT
<213> Homo
<400> 38
Lys Leu val
1

<210> 39
<211> 13
<212> PRT
<213> Homeo
<400> 39

Leu val phe
1

<210> 40
<211> 13
<212> PRT

«<213> Homo
<400> 40

val Phe pPhe
1

<210> 41
«211> 13
<212> PRT
<213> Homo
<400> 41
Phe Phe Ala
1

<210> 42
<211> 13
<212> PRT
<213> Homo
<400> 42
Phe Ala Glu
1

<210> 43
<211> 13
<212> PRT

<213> Homo
<400> 43

Ala Glu Asp

va'l Phe
5

sapiens

Phe Phe
5

sapiens

Phe Ala
5

sapiens

Ala Glu
5

sapiens

GTu Asp
5

sapiens

Asp val
5

sapiens

val Gly

Phe

Ala

Glu

AsSp

val

Gly

Ser

Ala

Gluy

ASp

val

Gly

Ser

Asn

Glu

ASp

val

Gly

Ser

Asn

LYS

ASp

val

Gly

Ser

Asn

Lys

Gly

PCTSEQUENCE

val Gly ser
10

Gly Ser Asn
10

Ser Asn Lys
10

Asn Lys Gly
10

Lys Gly Ala
10

Gly Ala 1le
10

Ala Ile Ile
Page 9
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1

<210> 44
<211> 13
<212> PRT
<213> Homo
<400> 44
Glu Asp val
1

<210> 45
<211> 13
<212> PRT
<213> Homo
<400> 45

Asp val Gly
1

<210> 46
<211> 13
<212> PRT
<213> Homo
<4Q0> 46
val Gly Ser
1

<210> 47
<211> 13
<212> PRT
<213> Homo
<400> 47

Gly Ser Asn
i

<210> 48
<211> 13
<212> PRT
<213> Homo
<400> 48

Ser Asn Lys
1

<210>
<21l>
<212>
<213>

<400>

49
13
PRT
Homo

49
Asn Lys Gly
1

sapiens

Gly ser
5

sapiens

ser Asn

sapiens

Asn Lys
5

sapiens

Lys Gly
5

sapiens

Gly Ala
5

sapiens

Ala Ile
5

Asn

Lys

Gly

Ala

Ile

LyS

Gly

Ala

Ile

Ile

Gly

Gly

Ala

Tle

Gly

L.eu

Ala

Ile

Gly

Leu

Met

PCTSEQUENCE
10

Ite
10

Ile Gly

Ile
10

Gly Leu

Gly
10

Leu Met

Leu Met val

10

Met
10

val Gly

val Gly Gly
10
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PCTSEQUENCE

<210> 50

<211> 13

<212> PRT

<213> Homo sapiens

<400> 50

Lys Gly Ala Ile Ile Gly Leu Met val Gly Gly val val
1 5 10

<210> 51

<211> 13

<212> PRT

<213> Homo sapiens
<400> 51

Gly Ala Ile Ile gly Leu Met val Gly Gly val val Ile
1 16

<210> 52

<211> 13

<212> PRT

<213> Homo sapiens
<400> 52

§1a ITe ITe Gly Leu Met val Gly Gly val val Ile Ala
5 10
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