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ANTIBODIES DIRECTED AGAINST AMYLOID-BETA PEPTIDE
AND METHODS USING SAME

Abstract

Monoclonal antibody 9TL and antibodies derived from 9TL directed against
amyloid-beta peptide and methods of using same for diagnosing and treatment of
Alzheimer’s disease and AP peptide associated diseases are described. Methods of using
antibodies directed against amyloid-beta peptide having impaired effector function for

treatment of Alzheimer’s disease and AP peptide associated diseases are also described.
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ANTIBODIES DIRECTED AGAINST AMYLOID-BETA PEPTIDE AND METHODS
USING SAME

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001) ~ This application claims the priority benefit of U.S. provisional application serial
nos. 60/592,494, filed July 30, 2004; 60/653,197, filed February 14, 2005; and 60/676,093, filed

April 29, 2005; all of which are incorporated herein by reference in their entirety.

FIELD OF THE INVENTION
[0002] The invention concemns antibodies to amyloid-beta peptide. The invention further
concerns use of such antibodies in the treatment and/or prevention of diseases, such as

Alzheimer's disease.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
[0003] Not applicable.

, BACKGROUND OF THE INVENTION
[0004] : Alzheimer’s disease (AD) is a degenerative brain disorder characterized clinically
by progressi\ire memory deficits, confusion, gradual physical deterioration and, ultimately, death.
Approximateily 15 million people worldwide are affected by Alzheimer’s disease, and the number
is expected t(; increase dramatically as lifespan increases. Histologically, the disease is
characterized by neuritic plaques, found primarily in the association cortex, limbic system and
basal gangliaf. The major constituent of these plaques is amyloid beta peptide (AB), which is the
cleavage prociiuct of beta amyloid precursor protein (BAPP or APP). APP is a type |
transmembrane glycoprotein that contains a large ectopic N-terminal domain, a transmembrane
domain, and a small cytoplasmic C-terminal tail. Alternative splicing of the transcript of the
single APP gene on chromosome 21 results in several isoforms that differ in the number of amino
acids.
{0005] . AP appears to have a central role in the neuropathology of Alzheimer’s disease.

Familial fornias of the disease have been linked to mutations in APP and the presenilin genes
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(Tanzi et al., 1996, Neurobiol. Dis. 3:159-168; Hardy, 1996, Ann. Med. 28:255-258). Diseased-
linked mutations in these genes result in increased production of the 42-amino acid form of Af,
the predominant form found in amyloid plaques. Moreover, immunization of transgenic mice
that overexpress a disease-linked mutant form of APP with human A reduces plaque burden and
associated pathologies (Schenk et al., 1999, Nature 400:173-177; WO 99/27944), and peripheral
administration of antibodies directed against AB also reduces plaque burden in the brain (Bard et
al., 2000, Nature Medicine 6(8):916-919; WO 2004/032868; WO 00/72880).

[0006] It has been reported that Fc-mediated phagocytosis by microglial cells and/or
macrophages is important to the process of plaque clearance in vivo. Bard et al., Proc. Natl.
Acad. Sci. USA 100, 2023-2028 (2003). However, it has also been reported that non-Fc-mediated
mechanisms are involved in clearance of amyloid-f in vivo by immunotherapy. Bacskai et al.,J.
Neurosci. 22:7873-7878 (2002); Das et al., J. Neurosci. 23:8532-8538 (2003).

[0007] Antibody therapy therefore provides a promising approach to the treatment and
prevention of Alzheimer’s disease. However, human clinical trials with a vaccine including AB1-
42 were susp;anded due to meningoencephalititis in a subset of patients. Orgogozo et al.,
Neruology 61:7-8 (2003); Ferrer et al., Brain Pathol. 14:1 1-20 (2004). It has been reported that
passive immunization with an N-terminal specific anti-A3 antibody results in a significant
reduction of énainly diffuse amyloid, but induces an increase of cerebral microhemorrhage
frequency in transgenic mice that exhibit the age-related development of amyloid plaques and
neurodegeneration as well as cerebral amyloid angiopathy (CAA) similar to that observed in the
human AD bram Pfeifer et al., Science 298:1379 (2002). It has been suggested that
exacerbation.of cerebral amyloid angiopathy (CAA)-associated microhemorrhage in APP
transgenic mjfcc by passive immunization with antibody directed to beta-amyloid is dependent on
antibody recégnition of deposited forms of amyloid beta peptide. Racke et al., J. Neurosci.
25:629-636 (2005). Passive immunization with antibodies against a peptide component of an
amyloid destit, which antibodies are devoid of Fc regions, has been suggested in order to
decrease the j’isk of inflammation. WO 03/086310. There remains a need for antibodies and
other immunotherapeutic agents directed against AP having improved efficacy and safety profile,

and which are suitable for use with human patients.
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[0008] ~ Throughout this application various publications (including patents and patent
applications) are referenced. The disclosures of these publications in their entireties are hereby

incorporated by reference.

BRIEF SUMMARY OF THE INVENTION
Section 1
[0009)  The present invention provides methods for treating a disease characterized by
aberrant deposition of a protein in the brain of a subject. The methods comprise administering to
the subject an effective amount of a pharmaceutical composition comprising an antibody that
specifically binds to the protein or the protein deposit, or a polynucleotide encoding the antibody,
wherein the éntibody has impaired effector function.
[0010] The invention also provides methods for treating or preventing diseases associated
with amyloid deposit of AB (e.g., deposit in the brain tissue and cerebral vasculature) in a subject,
such as Alzheimer's disease, Down's syndrome, multi-infarct dementia, mild cognitive
impairment, and cerebral amyloid angiopathy. The method comprises administering to the
subject an effective amount of a pharmaceutical composition comprising an antibody that
specifically binds to a beta-amyloid peptide or an aggregated form of a beta-amyloid peptide, or a
polynucleotide encoding the antibody, wherein the antibody has impaired effector function.
[0011] T:i)e invention also provides methods of delaying development of a symptom
associated with diseases associated with amyloid deposit of A in a subject, such as Alzheimer's
disease, comi)rising administering to the subject an effective dosage of a pharmaceutical
composition Eomprising an antibody that specifically binds to a beta-amyloid peptide or an
aggregated fém of a beta-amyloid peptide, or a polynucleotide encoding the antibody, wherein
the antibody has impaired effector function.
[0012] Tbe invention also provides methods of suppressing formation of amyloid plaques
and/or amyloiid accumulation in a subject comprising administering to the subject an effective
dosage of a p:harmaceutical composition comprising an antibody that specificall y binds to a beta-
amyloid pgpﬁde or an aggregated form of a beta-amyloid peptide, or a polyﬁucl eotide encoding
the antibody,? wherein the antibody has impaired effector function. In some embodiments, the

amyloid plaques are in the brain (brain tissue) of the subject. In some embodiments, the amyloid
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plaques are in the cerebral vasculature. In some embodiments, the amyloid accumulation is in the
circulatory system.

[0013]  The invention also provides methods of reducing amyloid plaques and/or amyloid
accumulation in a subject comprising administering to the subject an effective dosage of a
pharmaceutical composition comprising an antibody that specifically binds to a beta-amyloid
peptide or an aggregated form of a beta-amyloid peptide, or a polynucleotide encoding the
antibody, wherein the antibody has impaired effector function. In some embodiments, the amyloid
plaques are m the brain (brain tissue) of the subject. In some embodiments, the amyloid plaques are
in the cerebral vasculature. In some embodiments, the amyloid accumulation is in the circulatory
system.

[0014)  The invention also provides methods of removing or clearing amyloid plaques and/or
amyloid accumulation in a subject comprising administering to the subject an effective dosage of
a pharmaceutical composition comprising an antibody that specifically binds to a beta-amyloid
peptide or an aggregated form of a beta-amyloid peptide, or a polynucleotide encoding the
antibody, wherein the antibody has impaired effector function. In some embodiments, the amyloid
plaques are in the brain (brain tissue) of the subject. In some embodiments, the amyloid plaques are
in the cerebral vasculature. In some embodiments, the amyloid accumulation is in the circulatory
system. :

[0015) 'I‘he invention also provides methods for inhibiting the accumulation of AP peptide in a
tissue comprising contacting the tissue with an antibody that specifically binds to a beta-amyloid
peptide or an aggregated form of a beta-amyloid peptide, wherein the antibody has impaired
effector funciion.

[0016] Ti)e invention also provides methods of reducing AP peptide (such as soluble,
oligomeric, and deposited form) in a subject comprising administrating to the Subjcct an effective
amount of an antibody that specifically binds to a beta-amyloid peptide or an aggregated form of
a beta-amyloid peptide, or a polynucleotide encoding the antibody, wherein the antibody has
impaired effector function. In some embodiments, the accumulation of AP peptide is inhibited
and/or reduced in the brai;l. In some embodiments, the toxic effects of Af peptide are inhibited

and/or reduced. Thus, the method of the invention can be used to treat any disease in which
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accumulation of AP peptide is present or suspected, such as Alzheimer's disease, Down's
syndrome, Parkinson's disease, and multi-infarct dementia.

[0017] The invention also provides methods of improving cognition or reversing cognitive
decline associated with diseases associated with amyloid deposit of AP in a subject, such as
Alzheimer's disease, comprising administering to the subject an effective dosage of a
pharmaceutical composition comprising an antibody that specifically binds to a beta-amyloid
peptide or an aggregated form of a beta-amyloid peptide, or a polynucleotide encoding the
antibody, wherein the antibody has impaired effector function.

[0018) The invention also provides methods for treating or preventing diseases associated
with amyloid deposit of AB, comprising administering to the subject an effective dosage of a
pharmaceutical composition comprising an antibody that specifically binds to a beta-amyloid
peptide or an aggregated form of a beta-amyloid peptide, wherein the antibody comprises an Fc
region with a variation from a naturally occurring Fc region, wherein the variation results in
impaired effector function. In some embodiments, the administration of the antibody causes less
cerebral micréohemorrhage than administration of an antibody without the variation.

[0019] Polypeptides that specifically bind to an AP peptide or an aggregated form of an AP

peptide and comprises a heavy chain constant region having impaired effector function may also

. be used for any of the methods described herein. In some embodiments, the polypeptide

comprises a éequencc (e.g., one or more CDRs) derived from antibody 9TL or its variants shown
in Table 3. In some embodiments, the polypeptide comprises a sequence (e.g., one or more
CDRs) derived from antibody 6G.

[0020] 'ﬁle antibody and polypeptide used for the methods of the invention specifically bind
toan AP pepiide or an aggregated form of an A peptide, but have impaired effector function. In
some embodiments, the antibody or polypeptide is not a F(ab'); fragment. In some embodiments,
the antibody ?or polypeptide is not a Fab fragment. In some embodiments, the antibody or
polypeptide is not a single chain antibody scFv.

[0021] In some embodiments, the antibody or the polypeptide comprises a heavy chain
constant regi;)n having impaired effector function, wherein the heavy chain constant region
comprises an Fc region. In some embodiments, the N-glycosylation in the Fc region is removed.

In some embodiments, the Fc region comprises a mutation within the N-glycosylation recognition
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sequence, whereby the Fc region of the antibody or polypeptide is not N-glycosylated. In some
embodiments, the Fc region is PEGylated. In some embodiments, the heavy chain constant
region of the antibody or the polypeptide is a human heavy chain IgG2a constant region
containing the following mutations: A330P331 to S3305331 (amino acid numbering with
reference to the wildtype IgG2a sequence). In some embodiments, the antibody or the
polypeptide comprises a constant region of 1gG4 comprising the following mutations:
E233F234L.235 to P233V234A235.

[0022] Insome embodiments, the antibody or polypeptide specifically binds to an epitope
within residues 1-16 of AP peptide. In some embodiments, the antibody or polypeptide

specifically binds to the N-terminus of the AB peptide. In some embodiments, the antibody or the

polypeptide specifically binds to an epitope within residues 16-28 of Ap peptide. In some
embodiments, the antibody specifically binds to an epitope on the C-terminal side of an AB
peptide, such as an epitope starting from amino acid 25 or later. The antibody may specifically
bind to the ﬁée C-terminus amino acid of C-terminus truncated A peptide, for éxample, AB1-
37, 1-38, 1-39, 1-40, 1-41, 1-42, 1-43. In some embodiments, the antibody or the polypeptide
specifically binds to an epitope within residues 28-40 of A, peptide. In some embodiments,
the antibody br the polypeptide specifically binds to an epitope within residues 28-42 of A4,
peptide. In some embodiments, the antibody or the polypeptide specifically binds to an epitope
within residtiies 28-43 of APj.43 peptide. In some embodiments, the antibody or the polypeptide
specifically Einds to AP peptide without binding to full-length amyloid precursor protein (APP).
In some embbdiments, the antibody or the polypeptide specifically binds to the aggregated form
of AB withou;t binding to the soluble form. In some embodiments, the antibody or the
polypeptide specifically binds to the soluble form of AB without binding to the aggregated form.
In some embhdiments, the antibody or the polypeptide specifically binds to both aggregated form
and soluble fibrms of AB.

[0023] In some embodiments, the antibody or the polypeptide specifically binds to a C-

" terminal pepfide 33-40 of ABj40. In some embodiments, the antibody or the polypeptide

specifically binds to an epitope on AP that includes amino acid 35-40. In some embodiments,
the antibody or the polypeptide specifically binds to an epitope on AP that includes amino acid
36-40. In some embodiments, the antibody or the polypeptide specifically binds to an epitope on
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APj4o that includes amino acid 39 and/or 40. In some embodiments, the antibody or the
polypeptide specifically binds to Af;40 but do not specifically bind to AB;42 and/or AB;43. In
some embodiments, the antibody comprises the variable region of antibody 9TL or an antibody
derived from 9TL described herein. In some embodiments, the antibody or polypeptide
competitively inhibits binding of antibody 9TL and/or antibody or polypeptide derived from 9TL
to ABiao.

[0024]  In some embodiments, the antibody or the polypeptide binds to AB)_4 with higher
affinity than 1ts binding to AB;42 and AB;43. In some embodiments, the antibody binds to an
epitope on AP that includes amino acids 25-34 and 40. In some embodiments, the antibody
comprises the variable region of antibody 6G or an antibody derived from 6G described herein.
In some embodiments, the antibody or polypeptide competitively inhibits binding of antibody 6G
and/or antibody or polypeptide derived from 6G to Af.

[0025] Administration of antibody or polypeptide that specifically binds to an AB peptide and
has impaired effector function may be by any means known in the art, including: intravenously,
subcutaneouély, via inhalation, intraarterially, intramuscularly, intracardially, intraventricularly,
parenteral, inirathecally, and intraperitoneally. Administration may be systemic, e.g.
intravenously, or localized. This also generally applies to polypeptides and polynucleotides of
the inventionj.

[0026] The invention also provides pharmaceutical composition comprising an effective
amount of any of the antibodies or polypeptides that specifically bind to an A peptide or an
aggregated fénn of an AP peptide and have impaired effector function, or polynucleotides
encoding the:antibodies or polypeptides, and a pharmaceutical acceptable excipient.

[0027] 'I'he invention also provides kits and compositions comprising any one or more of the
compositionsi comprising an effective amount of any of the antibodies or polypeptides that
specifically léind to an AP peptide or an aggregated form of an AP peptide and have impaired
effector func:iion, or polynucleotides encoding the antibodies or polypeptides. These kits,
generally in suitable packaging and provided with appropriate instructions, are useful for any of
the methods éiescribed herein.

[0028] Thc invention also provides a method of producing a therapeutic humanized antibody

for treatmentf of a disease associated with amyloid deposits of AB peptide in the brain of a human
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subject, comprising selecting a first humanized antibody that specifically binds to AP peptide;
and altering fhe Fc region of the antibody to provide a therapeutic humanized antibody having

impaired effector function relative to the first humanized antibody.

Section Il

[0029] - The invention disclosed herein concerns antibodies that bind to C-terminus of Ap;.
40 peptide (SEQ ID NO:15 shown in Table 4). Accordingly, in one aspect, the invention is an
antibody 9TL (interchangeably termed "9TL") that is produced by expression vectors having
ATCC Acceésion Nos. PTA-6124 and PTA-6125. The amino acid sequences of the heavy chain
and light chain variable regions of 9TL are shown in Figure 1. The complementarity determining
region (CDR) portions of antibody 9TL (including Chothia and Kabat CDRs) are also shown in
Figure 1. It is understood that reference to any part of or entire region of 9TL encompasses
sequences produced by the expression vectors having ATCC Accession Nos. PTA-6124 and PTA-
6125, and/or the sequences depicted in Figure 1.

{0030] In another aspect, the invention also provides antibody variants of 9TL with amino
acid sequencés depicted in Table 3.

[0031] In another aspect, the invention is an antibody comprising a fragment or a region
of the antibody 9TL or its variants shown in Table 3. In one embodiment, the fragment is a light
chain of the 'cintibody 9TL. In another embodiment, the fragment is a heavy chain of the antibody
9TL. In yet énother embodiment, the fragment contains one or more variable regions from a light
chain and/or a heavy chain of the antibody 9TL. In yet another embodiment, the fragment
contains one or more variable regions from a light chain and/or a heavy chain shown in Figure 1.
In yet another embodiment, the fragment contains one or more CDRs from a light chain and/or a
heavy chain of the antibody 9TL.

[0032] In another aspect, the invention provides polypeptides (which may or may not be
an antibody) Eomprising any one or more of the following: a) one or more CDR(s) of antibody
9TL or its variants shown in Table 3; b) CDR H3 from the heavy chain of antibody 9TL or its
variants shown in Table 3; c) CDR L3 from the light chain of antibody 9TL or its variants shown
in Table 3; d) three CDRs from the light chain of antibody 9TL or its variants shown in Table 3;
e) three CDRs from the heavy chain of antibody 9TL or its variants shown in Table 3; f) three
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CDRs from the light chain and three CDRs from the heavy chain of antibody 9TL or its variants
shown in Table 3. The invention further provides polypeptides (which may or may not be an
antibody) comprising any one or more of the following: a) one or more (one, two , three, four,
five, or six) CDR(s) derived from antibody 9TL or its variants shown in Table 3; b) a CDR
derived from CDR H3 from the heavy chain of antibody 9TL; and/or c) a CDR derived from
CDR L3 from the light chain of antibody 9TL. In some embodiments, the CDR is a CDR shown
in Figure 1. In some embodiments, the one or more CDRs derived from antibody 9TL or its
variants shown in Table 3 are at least about 85%, at least about 86%, at least about 87%, at least
about 88%, at least about 89%, at least about 90%, at least about 91%, at least about 92%, at least
about 93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%, at least
about 98%, or at least about 99% identical to at Jeast one, at least two, at least three, at least four,
at least five, or at least six CDRs of 9TL or its variants.

[0033] '~ In some embodiments, the CDR is a Kabat CDR. In other embodiments, the CDR
is a Chothia CDR. In other embodiments, the CDR is a combination of a Kabat and a Chothia
CDR (also teﬁned "combined CDR" or "extended CDR"). In other words, for any given
embodiment containing more than one CDR, the CDRs may be any of Kabat, Chothia, and/or
combined.

[0034] . Insome embodimenis, the polypeptide (such as an antibody) comprises an amino
acid sequencé shown in SEQ ID NO:5, wherein L11is L, V, or I; wherein Y2 is Y or W; wherein
S3is S, T, orG; whereinL4isL,R, A, V, S, T, Q, orE; wherein V6is V,1, T,P,C, Q, S, N, or
F; and where;in Y7isY,H,F, W, S,1,V,or A. In some embodiments, the amino acid sequence
is a CDR3 m a heavy chain variable region. For convenience herein, "is" in this context or
reference to an amino acid refers to choices of amino acid(s) for a given position with reference
to the positioﬁ in the SEQ ID. For example, "L1 is L, V, or I" refers to amino acid L at position 1
in SEQ ID NO 5 may be substituted with V or 1.

[003S5] - In some embodiments, the polypeptide (such as an antibody) comprises an amino
acid sequence shown in SEQ ID NO:6, wherein Y8 is Y, A, or H; and wherein A11 is A or S; and
wherein K12.fis Kor A. In some embodiments, the amino acid sequence is a CDR1 in a light

chain variable region.
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[0036] In some embodiments, the polypeptide (such as an antibody) comprises an amino
acid sequennce shown in SEQ ID NO:8, whereinL1is L, M, N, C, F, V, K, S, Q, G, S; wherein
G3isG,S, or T; wherein T4 is T or S; wherein HS is H or L; wherein Y6is Y, P, A, W,Q, M, S,
or E; wherein V8is V,L,K,H, T, A, E, or M; and wherein L9 isL, I, T, S, or V. In some
embodiments, the amino acid sequence is a CDR3 in a light chain variable region.

[0037] In some embodiments, the polypeptide (such as an antibody) comprises a heavy
chain variable region comprising (a) a CDR1 region shown in SEQ ID NO:3; (b) a CDR2 region
shown in SEQ ID NO:4; and (c) a CDR3 region shown in SEQ ID NO:5, wherein L1is L, V, or
I; wherein Y2 is Y or W; wherein S3is S, T, or G; wherein L4isL,R, A, V, S, T, Q, or E;
wherein V6 isV, 1, T, P, C, Q, S, N, or F; and wherein Y7is Y, H,F, W, S, 1, V, or A.

[0038] | In some embodiments, the polypeptide (such as an antibody) comprises a light
chain variable region comprising (a) a CDR1 region shown in SEQ ID NO:6, wherein Y8 is Y, A,
or H; and wherein A1 l1is A or S; and wherein K12 is K or A; (b) a CDR2 region shown in SEQ
ID NO:7; and (c) a CDR3 region shown in SEQ ID NO:8, whereinL1is L, M,N, C,F, V, K, S,
Q,G,S; wherein G3 is G, S, or T; wherein T4 is T or S; wherein HS is H or L; wherein Y6 is Y,
P,A,W,Q, M, S, or E; wherein V8is V,L, K, H, T, A, E, or M; and wherein L9isL, 1, T, S, or
V. '

[0039] . In some embodiments, the antibody of the invention is a human antibody. In other
embodimcnté, the antibody of the invention is a humanized antibody. In some embodiments, the
antibody is rﬁonoclonal. In some embodiments, the antibody (or polypeptide) is isolated. In
some embodi;ments, the antibody (or polypeptide) is substantially pure.

[0040] The heavy chain constant region of the antibodies may be from any types of
constant re gipn, such as IgG, IgM, IgD, IgA, and IgE; and any isotypes, such as 1gG1, IgG2,
IgG3, and XgG4.

[0041] . In some embodiments, the antibody comprises a modified constant region, such as
a constant reéion that is immunologically inert (which includes partially immunologically inert,
and is used interchangeably with the term "having impaired effector function"), e.g., does not
trigger cornpiement mediated lysis, does not stimulate antibody-dependent cell mediated
cytotoxicity éADCC), or does not activate microglia. In some embodiments, the constant region
is modified a:s described in Eur. J. Immunol. (1999) 29:2613-2624; PCT Application No.

10
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PCT/GB99/01441; and/or UK Patent Application No. 9809951.8. In other embodiments, the
antibody comprises a human heavy chain IgG2a constant region comprising the following
mutations: A330P331 to S$3308331 (amino acid numbering with reference to the wildtype IgG2a
sequence). Eur. J. Immunol. (1999) 29:2613-2624. In some embodiments, the antibody
comprises a constant region of IgG4 comprising the following mutations: E233F234L235 to
P233V234A235. In still other embodiments, the constant region is aglycosylated for N-linked
glycosylation. In some embodiments, the constant region is aglycosylated for N-linked
glycosylation by mutating the oligosaccharide attachment residue (such as Asn297) and/or
flanking resiéues that are part of the N-glycosylation recognition sequence in the constant region

. In some embodiments, the constant region is aglycosylated for N-linked glycosylation. The

constant region may be aglycosylated for N-linked glycosylation enzymatically or by expression
in a glycosylation deficient host cell.

[0042] ~ In another aspect, the invention provides a polynucleotide (which may be isolated)
comprising a polynucleotide encoding a fragment or a region of the antibody 9TL or its variants
shown in Table 3. In one embodiment, the fragment is a light chain of the antibody 9TL. In
another embédiment, the fragment is a heavy chain of the antibody 9TL. In yet another
embodiment,: the fragment contains one or more variable regions from a light chain and/or a
heavy chain of the antibody 9TL. In yet another embodiment, the fragment contains one or more
(i.e., one, twg:), three, four, five, six) complementarity determining regions (CDRs) from a light
chain and/or a heavy chain of the antibody 9TL.

[0043]) . In another aspect, the invention is a polynucleotide (which may be isolated)
comprising a polynucleotide that encodes for antibody 9TL or its variants shown in Table 3. In
some embodijmems, the polynucleotide comprises either or both of the polynucleotides shown in
SEQ ID NO:9 and SEQ ID NO:10.

[0044) . In another aspect, the invention provides polynucleotides encoding any of the
antibodies (ixjcluding antibody fragments) or polypeptides described herein.

[0045) . In another aspect, the invention provides vectors (including expression and
cloning vectors) and host cells comprising any of the polynucleotide disclosed herein. In some
embodimentsi, the vector is pDb.9TL.hFc2a having ATCC No. PTA-6124. In other
embodiments, the vector is pEb.9TL.hK having ATCC No. PTA-6125.

11
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[0046] In another aspect, the invention is a host cell comprising a polynucleotide
encoding any of the antibodies described herein.

[0047) " In another aspect, the invention is a complex of AR bound by antibody 9TL or
its variants shown in Table 3.

[0048] In another aspect, the invention is a complex of Af;40 bound by any of the
antibodies or polypeptides described herein.

[0049] In another aspect, the invention is a pharmaceutical composition comprising an
effecti\;e amc}unt of any of the polypeptides (including antibodies, such as an antibody
comprising dne or more CDRs of antibody 9TL) or polynucleotides described herein, and a
pharmaceutically acceptable excipient.

[0050] In another aspect, the invention is a method of generating antibody 9TL
comprising culturing a host cell or progeny thereof under conditions that allow production of
antibody 9TL, wherein the host cell comprises an expression vector that encodes for antibody
9TL; and, in some embodiments, purifying the antibody 9TL. In some embodiments, the
expression vector comprises one or both of the polynucleotide sequences shown in SEQ ID NO:9
and SEQ ID NO:10.

[0051] . In another aspect, the invention provides methods of generating any of the
antibodies or. polypeptides described herein by expressing one or more polynucleotides encoding
the antibody f(whjch may be separately expressed as a single light or heavy chain, or both a light
and a heavy éhain are expressed from one vector) or the polypeptide in a suitable cell, generally
followed by recovering and/or isolating the antibody or polypeptides of interest.

[0052] . The invention also provides a method for preventing, treating, inhibiting, or
delaying the development of Alzheimer’s disease and other diseases associated with altered AB or
BAPP expresjsion, or accumulation of AP peptide, such as Down’s syndrome, Parkinson's disease,
multi-infarct ;idementia, mild cognitive impairment, cerebral amyloid angiopathy, and AIDS. The
method comfarises administering an effective dosage a pharmaceutical composition comprising an
antibody, a p':olypeptide, or a polynucleotide of the invention to a subject.

[0053] The invention also provides a method of delaying development of a symptom

associated with Alzheimer’s disease or other diseases related to accumulation of A peptide in a

12
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subject comprising administering an effective dosage of a pharmaceutical composition comprising
an antibody, a polypeptide, or a polynucleotide of the invention to the subject.

[0054) The invention also provides a method of suppressing formation of amyloid plaques
and/or amyloid accumulation in a subject comprising administering an effective dosage of a
pharmaceutical composition comprising an antibody, a polypeptide, or a polynucleotide of the
invention to the subject. In some embodiments, the amyloid plaques are in the brain (brain tissue) of
the subject. In some embodiments, the amyloid plaques are in the cerebral vasculature. In other
embodiments, the amyloid accumulation is in the circulatory system.

[0055) The invention also provides a method of reducing amyloid plaques and/or amyloid
accumulation in a subject comprising administering an effective dosage of a pharmaceutical
composition comprising an antibody, a polypeptide, or a polynucleotide of the invention to the
subject. In some embodiments, the amyloid plaques are in the brain (brain tissue) of the subject. In
some embodiments, the amyloid plaques are in the cerebral vasculature. In other embodiments, the
amyloid accumulation is in the circulatory system. _

[0056] The invention also provides a method of removing or clearing amyloid plaques
and/or amyloid accumulation in a subject comprising administering an effective dosage of a
pharmaceutical composition comprising an antibody, a polypeptide, or a polynucleotide of the
invention to the subject. In some embodiments, the amyloid plaques are in the brain (brain tissue) of
the subject. In some embodiments, the amyloid plaques are in the cerebral vasculature. In other

embodimcms:, the amyloid accumulation is in the circulatory system.

[0057]) - Additionally, the invention provides a method for inhibiting the accumulation of A
peptide in a tissue comprising contacting the tissue with an antibody or a polypeptide of the
invention.

[0058] - The invention also provides a method of reducing AP peptide (such as soluble,

oligomeric and deposited form) in the brain of an individual coomprising administering to the
individual an effective amount of an antibody or a polypeptide of the invention. In some
embod.imcms:, the accumulation of AP peptide is inhibited and/or reduced in the brain. In some
embodiments, the toxic effects of AB peptide are inhibited and/or reduced. Thus, the method of

the invention can be used to treat any disease in which accumul ation of AB peptide is present or
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suspected, such as Alzheimer's disease, Down's syndrome, Parkinson's disease, multi-infarct
dementia, mild cognitive impairment, and cerebral amyloid angiopathy.

[0059] The invention also provides methods of improving cognition ox reversing
cognitive decline associated with diseases associated with amyloid deposit of A in the brain of
an individualA, such as Alzheimer's disease, comprising administering an effective dosage of a
pharmaceutical composition comprising an antibody, a polypeptide, or a polynucleotide of the
invention to the individual.

[0060] Any antibodies, polypeptides, or polynucleotides described herein may be used for
the methods of the invention. In some embodiments, the antibody is antibody 9TL.

[0061] Antibodies and polypeptides of the invention can further be used in the detection,

diagnosis and monitoring of Alzheimer’s disease and other diseases associated with altered AB or
g g

BAPP expression, such as Down’s syndrome, and AIDS. The method compri ses contacting a
specimen of a patient suspected of having altered AP or BAPP expression with an antibody of the
invention and determining whether the level of AB or BAPP differs from that of a control or
comparison Specimen. In some embodiments, serum level of AP is measured before and after
administration of an anti-Af antibody; and any increase of serum level of AB is assessed.

[0062] Administration of any antibody or polypeptide of the invention may be by any
means known in the art, including: intravenously, subcutaneously, via inhalation, intraarterially,
intramuscularly, intracardially, intraventricularly, parenteral, intrathecally, and intraperitoneally.
Administrati()n may be systemic, e.g. intravenously, or localized. This also generally applies to
polypeptides;and polynucleotides of the invention.

[0063] In another aspect, the invention provides kits and compositions comprising any
one or more <;)f the compositions described herein. These kits, generally in suitable packaging

and provided with appropriate instructions, are useful for any of the methods described herein.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRA WING(S)
[0064] . Figure 1 shows the amino acid sequence of the heavy chain variable region (SEQ
ID NO:1) ané light chain variable region (SEQ ID NO:2) of the 9TL antibody. The Kabat CDRs
are in bold teh, and the Chothia CDRs are underlined. The amino acid residues for the heavy

chain and light chain variable region are numbered sequentially.
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[0065) Figure 2 shows epitope mapping of antibody 9TL by peptide competition. A4
peptide was immobilized on the SA chip. Monoclonal antibody 2289 and 9TL Fab fragment (50
nM each), each of which was preincubated for 1 h with 10 uM various peptide (amino acids 28-
40, 1-40, 1-28, 28-42, 22-35, 1-16, 1-43, 33-40, 1-38, or 17-40 of APB) or no peptide, and was
then flowed onto the chip. Binding of the antibody Fab fragment to immobilized A ;.4 peptide
was measured.

[0066] Figure 3 is a graph showing epitope mapping of antibody 2H6 by peptide
competition. AP0 peptide was immobilized on the SA chip. Monoclonal antibody 2289, 2286,
or 2H6 (100 nM each), each of which was preincubated for 1 h with 16 pM various peptide
(amino acids 1-16, 1-28, 1-38, 1-40, 1-42, 1-43, 17-40, 17-42, 22-35, 25-35, or 33-40 of APB) or
no peptide, was flowed onto the chip. Binding of the antibody to immobilized Af,4o peptide was

measured.

| [0067) Figure 4 is a graph showing binding of antibody 2H6, 2286, and 2289 1o different AB

peptide C-terminal variants. GST-AP variants (M35A, V36A, G37A, G38A, V39A, or V40A),
or GST-AB péptide 1-39, 1-41, 1-40, 1-42 were immobilized on ELISA plate. Monoclonal
antibody 22856, 2H6, or 2289 (0.3 nM each mADb) was incubated with each of the immobilized
peptides, and their binding was detected by further incubating with biotinylated anti-mouse 1gG
(H+L) and followed by Sterptavidin-HRP. '

[0068) Figure 5 is a graph showing spatial learning deficits in APP-transgenic mice were
reversed folk:)wing 16 weeks of antibody treatinent with 2H6 and deglycosylated 2H6. Mice
were tested in a two-day version of the radial-arm water maze. Y axis represents mean number of
errors made over the 2-day trial period. Block numbers 1-5 represent tests in day 1; and block
numbers 6-1(Z) represent tests in day 2. "*" indicates p<0.0S for both 2H6 (A-2H6) and
deglycosylatéd 2H6 (A-De-2H6) treated mice when compared with anti-AMN antibody treated
mice (A-AMN). "**" indicates p<0.01 for both 2H6 (A-2H6) and deglycosylated 2H6 (A-De-
2H6) treated %mice when compared with anti-AMN antibody treated mice (A-AMN).

[0069] Fi;gure 6A and 6B are graphs showing decreases of parenchymal Congo-red stained
amyloid-beta peptide in hippocampus (Fig.6B) and frontal cortex (Fig. 6A) after 16 weeks of
antibody ne£Ment with 2H6, anti-AMN (referred to as AMN), and deglycosylated 2H6 (referred
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to as D-2H6) antibody. Y-axes in Fig. 6A and 6B represent mean of percent area positive for
Congo-red staining. X-axes in Fig.6A and 6B represent type of antibody administered.

[0070]  Figure 7A and 7B are graphs showing increases of vascular Congo-red stained
amyloid-beta peptide in hippocampus (Fig. 7A) and frontal cortex (Fig. 7B) after 16 weeks of
antibody treatment with 2H6, anti-AMN (referred to as AMN), and deglycosylated 2H6 (referred
to as D-2H6) antibody. Y-axes in Fig.7A and 7B represent mean of percent area positive for
Congo-red staining. X-axes in Fig. 7A and 7B represent type of antibody administered.

[0071) Figure 8 is a graph showing number of Prussian blue positive profiles after 16 weeks
of antibody treatment with 2H6, anti-AMN (referred to as AMN), and deglycosylated 2H6
(referred to as D-2H6) antibody. Y-axis represents positive profiles per section. X-axis
represents type of antibody administered.

[0072)  Figure 9 is a graph showing serum level of AP peptide after administration of anti-
AMN antibody (referred to as AMN), antibody 2H6 (referred to as 2H6), deglycosylated 2H6
(referred to as 2H6-D) in APP Tg2576 mice, and after administration of anti-AMN antibody and
antibody 2H6 in wild type (WT) mice.

[0073]  Figure 10 shows immunostaining of CD4S5 in the hippocampus of a mouse after
intracranial administration of 2H6 antibody (A) or deglycosylated 2H6 antibody (B). The bottom
panel shows ihat the ratio of the average area occupied CD45 positive staining of injected side
over minjec{ed side in the frontal cortex and hippocampus after intracranial administration of the
control antibé)dy, 2H6 antibody, or deglycosylated 2H6 antibody. "**" indicates P<0.01 as
compared to the control antibody.

[0074] Figure 11 shows immunostaining of Fcy receptor in the hippocampus of a mouse after
intracranial administration of 2H6 antibody (A) or deglycosylated 2H6 antibody (B). The bottom
pane] shows &at the ratio of the average area occupied by Fcy receptor positive staining of
injected side fbver uninjected side in the frontal cortex and hippocampus after intracranial
administratidn of the control antibody, 2H6 antibody, or deglycosylated 2H6 antibody. "**"
indicates P<6.01 as compared to the control antibody.

[0075) Figme 12 shows immunostaining of AP peptide in the hippocampus of a mouse after
intracranial afdministration of 2H6 antibody (A) or deglycosylated 2H6 antibody (B). The bottom
panel shows that the ratio of the average area occupied by AP positive staining of injected side

16




12 Jan 2010

2010200115

over uninjected side in the frontal cortex and hippocampus after intracranial administration of the
control antibbdy, 2H6 antibody, or deglycosylated 2H6 antibody. "**" indicates P<0.01 as
compared to the control antibody. "*" indicates P<0.05 as compared to the control antibody.
[0076) Figure 13 shows thioflavine-S in the hippocampus of a mouse after intracranial
administration of 2H6 antibody (A) or deglycosylated 2H6 antibody (B). The bottom panel ‘
shows that the ratio of the average area occupied by thioflavine-§ positive staining of injected
side over uninjected side in the frontal cortex and hippocampus after intracranial administration
of the control antibody, 2H6 antibody, or deglycosylated 2H6 antibody. "*" indicates P<0.05 as
compared to the control antibody.

[0077] Figure 14 shows epitope mapping of antibody 2294 and 6G by ELISA. Various AP
peptides were immobilized on ELISA plates. Antibodies were incubated for 1 hour with various
immobilized peptides. Antibody 6G bound to immobilized A peptides were measured using
goat anti-human kappa HRP conjugated secondary antibody. Antibody 2294 bound to
immobilized ‘AP peptides were measured using goat anti-mouse that binds to both heavy and light
chain and is HRP conjugated secondary antibody. "NB" refers to no binding detected. The

numbers in the columns under "2294" and "6G" represent absorbance at 450 nm.

DETAILED DESCRIPTION OF THE INVENTION
[0078] © The invention disclosed herein provides antibodies and polypeptides that bind to
C-terminus df ABj40- These antibodies and polypeptides are derived from 9TL or its variants
shown in Taléle 3. The invention also provides methods of making and using these antibodies. In
some embodiments, the invention provides antibody 9TL, and methods of making and using this
antibody. The invention also provides 9TL polypeptides (including antibodies) that bind A B, .40,
and po]ynucl;:otides encoding 9TL antibody and/or polypeptide.
[0079) " The invention disclosed herein also provides methods for preventing and/or
treating A B-associated diseases, such as Alzheimer's disease, Down’s syndrome, Parkinson's
disease, mult;-infmct dementia, mild cognitive impairment, cerebral amyloid angiopathy,
vascular disorder caused by deposit of AB peptide in blood vessels (such as stroke and HCHWA -
D) in an individual by administration of a therapeutically effective amount of an antibody 9TL, or

antibody or polypeptide derived from 9TL.
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[0080] The invention also provides methods for treating or preventing diseases associated
with B-amylc;id deposit in an individual, such as Alzheimer's disease, Down's syndrome, multi-
infarct dementia, mild cognitive impairment, and cerebral amyloid angiopathy in an individual by
administering to the individual an effective amount of a pharmaceutical composition comprising
an antibody §r a polypeptide that specifically binds to a f-amyloid peptide or an aggregated form
of an AP peptide, or a polynucleotide encoding the antibody or the polypeptide, wherein the
antibody or the polypeptide has impaired effector function.

General Techniques

[0081] The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of molecular biology (including recombinant techniques), microbiology, .
cell biology, biochemistry and immunology, which are within the skill of the art. Such
techniques are explained fully in the literature, such as, Molecular Cloning: A Laboratory
Manual, second edition (Sambrook et al., 1989) Cold Spring Harbor Press; Oligonucleotide
Synthesis (MJ . Gait, ed., 1984); Methods in Molecular Biology, Humana Press; Cell Biology: A
Laboratory Notebook (J.E. Cellis, ed., 1998) Academic Press; Animal Cell Culture (R.I.
Freshney, ed:, 1987); Introduction to Cell and Tissue Culture (J.P. Mather and P.E. Roberts,
1998) Plenum Press; Cell and Tissue Culture: Laboratory Procedures (A. Doyle, 1.B. Griffiths,
and D.G. NeWell, eds., 1993-1998) J. Wiley and Sons; Methods in Enzymology (Academic Press,
Inc.); Handbook of Experimental Immunology (D.M. Weir and C.C. Blackwell, eds.); Gene
Transfer Vectors for Mammalian Cells (3.M. Miller and M.P. Calos, eds., 1987); Current
Protocols in Molecular Biology (F.M. Ausubel et al., eds., 1987); PCR: 'I'he Polymerase Chain
Reaction, (M;x]]is et al., eds., 1994); Current Protocols in Immunology (J.E. Coligan et al., eds.,
1991); Short ?rotoco]s in Molecular Bio]ogy (Wiley and Sons, 1999); Immunobiology (C.A.
Janeway and;P. Travers, 1997); Antibodies (P. Finch, 1997); Antibodies: a practical approach
(D. Catty., ed., IRL Press, 1988-1989); Monoclonal antibodies: a practical approach (P.
Shepherd and C. Dean, eds., Oxford University Press, 2000); Using antibodies: a laboratory
manual (E. Harlow and D. Lane (Cold Spring Harbor Laboratory Press, 1999); The Antibodies
(M. Zanetti and J.D. Capra, eds., Harwood Academic Publishers, 1995).
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Definitions

[0082] An “antibody” is an immunoglobulin molecule capable of specific binding to a
target, such as a carbohydrate, polynucleotide, lipid, polypeptide, etc., through at least one
antigen recognition site, located in the variable region of the immunoglobulin molecule. As used
herein, the term encompasses not only intact polyclonal or monoclonal antibodies, but also
fragments thereof (such as Fab, Fab’, F(ab’),, Fv), single chain (ScFv), mutants thereof, fusion
proteins comprising an antibody portion, and any other modified configuration of the
immunoglobulin molecule that comprises an antigen recognition site. An antibody includes an
antibody of any class, such as IgG, IgA, or IgM (or sub-class thereof), and the antibody need not
be of any particular class. Depending on the antibody amino acid sequence of the constant
domain of its heavy chains, immunoglobulins can be assigned to different classes. There are five
major classes of immunoglobulins: IgA, IgD, IgE, IgG, and IgM, and several of these may be
further divided into subclasses (isotypes), €.g., IgG1, 1gG2, 1gG3, 1gG4, IgA1 and IgA2. The
heavy-chain constant domains that correspond to the different classes of immunoglobulins are
called alpha, delta, epsilon, gamma, and mu, respectively. The subunit structures and three-
dimensional configurations of different classes of immunoglobulins are well known.

[0083] As used herein, "monoclonal antibody" refers to an antibody obtained from a
population of substantially homogeneous antibodies, i.e., the individual antibodies comprising the
population are identical except for possible naturally-occurring mutations that may be present in
minor amourits. Monoclonal antibodies are highly specific, being directed against a single
antigenic sité. Furthermore, in contrast to polyclonal antibody preparations, which typically
include differ;em antibodies directed against different determinants (epitopes), each monoclonal
antibody is directed against a single determinant on the antigen. The modifier "monoclonal”
indicates the character of the antibody as being obtained from a substantially homogeneous
population of antibodies, and is not to be construed as requiring production of the antibody by
any parﬁcula} method. For example, the monoclonal antibodies to be used in accordance with the
present invention may be made by the hybridoma method first described by Kohler and Milstein,
1975, Nature; 256:495, or may be made by recombinant DNA methods such as described in U.S.
Pat. No. 4,816,567. The monoclonal antibodies may also be isolated from phage libraries
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generated using the techniques described in McCaﬁ:eny et al., 1990, Nature, 348:552-554, for
example.

[0084) - As used herein, "humanized" antibodies refer to forms of non-human (e.g. murine)
antibodies that are specific chimeric immunoglobulins, immunoglobulin chains, or fragments
thereof (such as Fv, Fab, Fab', F(ab'); or other antigen-binding subsequences of antibodies) that
contain minimal sequence derived from non-human immunoglobulin. For the most part,
humanized antibodies are human immunoglobulins (recipient antibody) in which residues from a
complementary determining region (CDR) of the recipient are replaced by residues from a CDR
of a non-human species (donor antibody) such as mouse, rat, or rabbit having the desired
specificity, affinity, and capacity. In some instances, Fv framework region (FR) residues of the
human immunoglobulin are replaced by corresponding non-human residues. Furthermore, the
humanized antibody may comprise residues that are found neither in the recipient antibody nor in
the imported CDR or framework sequences, but are included to further refine and optimize
antibody performance. In general, the humanized antibody will comprise substantially all of at
least one, and typically two, variable domains, in which all or substantially all of the CDR
regions correspond to those of a non-human immunoglobulin and all or substantially all of the FR
regions are those of a human immunoglobulin consensus sequence. The humanized éntibody
optimally also will comprise at least a portion of an immunoglobulin constant region or domain
(Fo), typical]fy that of a human immunoglobulin. Antibodies may have Fc regions modified as
described in WO 99/58572. Other forms of humanized antibodies have one or more CDRs (one,
two, three, fcfur, five, six) which are altered with respect to the original antibody, which are also
termed one oir more CDRs “derived from” one or more CDRs from the original antibody.

[0085) As used herein, “human antibody” means an antibody having an amino acid
sequence corresponding to that of an antibody produced by a human and/or has been made using
any of the teéhniques for making human antibodies known in the art or disclosed herein. This
definition of a human antibody includes antibodies comprising at least one human heavy chain
polypeptide ér at Jeast one human light chain polypeptide. One such example is an antibody
comprising murine light chain and human heavy chain polypeptides. Human antibodies can be
produced using various techniques known in the art. In one embodiment, the human antibody is

selected from a phage library, where that phage library expresses human antibodies (Vaughan et
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al., 1996, Nature Biotechnology, 14:309-314; Sheets et al., 1998, PNAS, (USA) 95:6157-6162;
Hoogenboom and Winter, 1991, J. Mol. Biol., 227:381; Marks et al., 1991, J. Mol. Biol,,
222:581). Human antibodies can also be made by introducing human immunoglobulin loci into
transgenic animals, e.g., mice in which the endogenous immunoglobulin genes have been
partially or completely inactivated. This approach is described in U.S. Patent Nos. 5,545,807,
5,545,806; 5;569,825; 5,625,126; 5,633,425; and 5,661,016. Alternatively, the human antibody
may be prepared by immortalizing human B lymphocytes that produce an antibody directed
against a target antigen (such B lymphocytes may be recovered from an individual or may have
been immuni;zed in vitro). See, e.g., Cole et al., Monoclonal Antibodies and Cancer Therapy,
Alan R. Liss, p. 77 (1985); Boemer et al., 1991, J. Immunol., 147 (1):86-95; and U.S. Patent No.
5,750,373.

{0086] - As used herein, the terms “9TL” and “antibody 9TL” are used interchangeably to
refer to an an:tibody produced by expression vectors having deposit numbers of ATCC PTA-6124
and ATCC PTA-6125. The amino acid sequence of the heavy chain and light chain variable
regions are shown in Figure 1. The CDR portions of antibody 9TL (including Chothia and Kabat
CDRs) are diZagrammatically depicted in Figure 1. The polynucleotides encoding the heavy and
light chain variable regions are shown in SEQ ID NO:9 and SEQ ID NO:10. The
characterization of 9TL is described in the Examples.

[0087) The terms “polypeptide”, “oligopeptide”, “peptide” and “protein” are used
interchangeably herein to refer to polymers of amino acids of any length. The polymer may be
linear or brariched, it may comprise modified amino acids, and it may be interrupted by non-
amino acids. The terms also encompass an amino acid polymer that has been modified naturally
or by intervchti on; for example, disulfide bond formation, glycosylation, lipidation, acetylation,
phosphorylation, or any other manipulation or modification, such as conjugation with a labéling
component. A]so included within the definition are, for example, polypeptides containing one or .
more analogé of an amino acid (including, for example, unnatural amino acids, etc.), as well as
other modifications known in the art. It is understood that, because the polypeptides of this
invention arei based upon an antibody, the polypeptides can occur as single chains or associated

chains.

2]




12 Jan 2010

2010200115

[0088] | “Polynucleotide,” or “nucleic acid,” as used interchangeably herein, refer to
polymers of nucleotides of any length, and include DNA and RNA. The nucleotides can be
deoxyribonucleotides, ribonucleotides, modified nucleotides or bases, and/or their analogs, or any
substrate that can be incorporated into a polymer by DNA or RNA polymerase. A polynucleotide
may comprise modified nucleotides, such as methylated nucleotides and their analogs. If present,
modification to the nucleotide structure may be imparted before or after assembly of the polymer.
The sequence of nucleotides may be interrupted by non-nucleotide components. A
polynucleotide may be further modified after polymerization, such as by conjugation with a
labeling component. Other types of modifications include, for example, “caps”, substitution of
one or more of the naturally occurring nucleotides with an analog, internucleotide modifications
such as, for example, those with uncharged linkages (e.g., methyl phosphonates, phosphotriesters,
phosphoamidates, cabamates, etc.) and with charged linkages (e.g., phosphorothioates,
phosphorodithioates, etc.), those containing pendant moieties, such as, for example, proteins (e.g.,
nucleases, toxins, antibodies, signal peptides, ply-L-lysine, etc.), those with intercalators (e.g.,
acridine, psoralen, etc.), those containing chelators (e.g., metals, radioactive metals, boron,
oxidative mefals, etc.), those containing alkylators, those with modified linkages (e.g., alpha
anomeric nucleic acidS, etc.), as well as unmodified forms of the polynucleotide(s). Further, any
of the hydroiyl groups ordinarily present in the sugars may be replaced, for example, by
phosphonate égroups, phosphate groups, protected by standard protecting groups, or activated to
prepare additional linkages to additional nucleotides, or may be conjugated to solid supports. The
5’ and 3’ 1e@ind OH can be phosphorylated or substituted with amines or organic capping
group moieti#s of from 1 to 20 carbon atoms. Other hydroxyls may also be derivatized to
standard pro{ecting groups. Polynucleotides can also contain analogous forms of ribose or
deoxyribose ;c)ugars that are generally known in the art, including, for example, 2’--O-methyl-, 2’-
O-allyl, 2*-fluoro- or 2’-azido-ribose, carbocyclic sugar analogs, a-anomeric sugars, epimeric
sugars such as arabinose, xyloses or lyxoses, pyranose sugars, furanose sugars, sedoheptuloses,
acyclic analogs and abasic nucleoside analogs such as methyl riboside. One or more
phosphodiest;er linkages may be replaced by alternative linking groups. These alternative linking
groups include, but are not limited to, embodiments wherein phosphate is replaced by
P(0)S(“thioate™), P(S)S (“dithioate”), “(O)NR; (“amidate”), P(O)R, P(O)OR’, CO or CH,
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(“formacetal”), in which each R or R’ is independently H or substituted or unsubstituted alkyl (1-
20 C) optionally containing an ether (-O-) linkage, aryl, alkenyl, cycloalkyl, cycloalkenyl or
araldyl. Not all linkages in a polynucleotide need be identical. The preceding description applies
to all polynucleotides referred to herein, including RNA and DNA.

[0089] A “variable region” of an antibody refers to the variable region of the antibody
light chain or the variable region of the antibody heavy chain, either alone or in combination.
The variable regions of the heavy and light chain each consist of four framework regions (FR)
connected by three complementarity determining regions (CDRs) also known as hypervariable
regions. The CDRs in each chain are held together in close proximity by the FRs and, with the
CDR:s from the other chain, confribute to the formation of the antigen-binding site of antibodies.
There are at least two techniques for determining CDRs: (1) an approach based on cross-species -
sequence variability (i.e., Kabat et al. Sequences of Proteins of Immunological Interest, (Sth ed.,
1991, National Institutes of Health, Bethesda MD)); and (2) an approach based on
crystallographic studies of antigen-antibody complexes (Al-lazikani et al (1997) J. Molec. Biol.
273:927-948)). As used herein, a CDR may refer to CDRs defined by either approach or by a
combination bf both approaches.

[0090] A “constant region” of an antibody refers to the constant region of the antibody
light chain or the constant region of the antibody heavy chain, either alone or in combination.
{0091} . An epitope that “preferentially binds™ or “specifically binds” (used
interchangeably herein) to an antibody or a polypeptide is a term well understood in the art, and
methods to determine such specific or preferential binding are also well known in the art. A
molecule is séid to exhibit “specific binding” or “preferential binding” if it reacts or associates
more frequently, more rapidly, with greater duratiorn and/or with greater affinity with a particular
cell or substaﬁce than it does with alternative cells or substances. An antibody “specifically
binds” or “pr;eferentially binds” to a target if it binds with greater affinity, avidity, more readily,
and/or with érwter duration than it binds to other substances. For example, an antibody that
specifically cir preferentially binds to an AP;4o epitope is an antibody that binds this epitope with
greater afﬁnijty, avidity, more readily, and/or with greater duration than it binds to other A4
epitopes or n_'on-AB 140 €pitopes. It is also understood by reading this definition that, for example,

an antibody (or moiety or epitope) that specifically or preferentially binds to a first target may or
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may not specifically or preferentially bind to a second target. As such, “‘specific binding” or
“preferential binding” does not necessarily require (although it can include) exclusive binding.
Generally, but not necessarily, reference to binding means preferential binding.

[0092] - As used herein, “substantially pure” refers to material which is at least 50% pure
(i.e., free from contaminants), more preferably at least 90 % pure, more preferably at least 95%
pure, more pfeferably at least 98% pure, more preferably at least 99% pure.

[0093] A “host cell” includes an individual cell or cell culture that can be or has been a
recipient for vector(s) for incorporation of polynucleotide inserts. Host cells include progeny of a
single host cell, and the progeny may not necessarily be completely identical (in morphology or
in genomic DNA complement) to the original parent cell due to natural, accidental, or deliberate
mutation. A host cell includes cells transfected in vivo with a polynucleotide(s) of this invention.
[0094] - The term "Fc region" is used to define a C-terminal region of an immunoglobulin
heavy chain. The "Fc region" may be a native sequence Fc region or a variant Fc region.
Although the boundaries of the Fc region of an immunoglobulin heavy chain might vary, the
human IgG heavy chain Fc region is usually defined to stretch from an amino acid residue at
position Cy5226, or from Pro230, to the carboxyl-terminus thereof. The xiumbering of the
residues in t.h:e Fc region is that of the EU index as in Kabat. Kabat et al., Sequences of Proteins
of lmunologiica] Interest, Sth Ed. Public Health Service, National Institutes of Health, Bethesda,
Md., 1991. The Fcregion of an immunoglobulin generally comprises two constant domains,
CH2 and CH3.

[0095]) - As used herein, "Fc receptor" and “FcR” describe a receptor that binds to the Fc
region of an é.ntibody. The preferred FcR is a native sequence human FcR. Moreover, a
preferred FcR is one which binds an IgG antibody (a gamma receptor) and includes receptors of
the FcyR1, F cf:yRII, and FcyRIII subclasses, including allelic variants and alternatively spliced
forms of these receptors. FcyRII receptors include FcyRIIA (an "activating receptor") and
FcyRIIB (an f"inhibiting receptor"), which have similar amino acid sequences that differ primarily
in the cytopl:«:lsmic domains thereof. FcRs are reviewed in Ravetch and Kinet, 1991, Ann. Rev.
Immunol., 9:#57-92; Capel et al., 1994, Immunomethods, 4:25-34; and de Haas et al., 1995, J.
Lab. Clin. Med., 126:330-41. “FcR” also includes the neonatal receptor, FcRn, which is
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responsible for the transfer of maternal 1gGs to the fetus (Guyer et al., 1976, J. Immaunol.,
117:587; and Kim et al., 1994, J. Immunol., 24:249).

[0096) - “Complement dependent cytotoxicity” and “CDC” refer to the lysin g of a target in
the presence of complement. The complement activation pathway is initiated by thie binding of
the first comi)onent of the complement system (C1q) to a molecule (e.g. an antibody) complexed
with a cognate antigen. To assess complement activation, a CDC assay, e.g. as described in
Gazzano-Santoro et al., J. Immunol. Methods, 202:163 (1996), may be performed.

[0097] : | A “functional Fc region” possesses at least one effector function of a native
sequence Fc region. Exemplary “effector functions” include C1q binding; complerment
dependent cytotoxicity (CDC); Fc receptor binding; antibody-dependent cell-mediated
cytotoxicity (ADCC), phagocytosis; down-regulation of cell surface receptors (e.g. B cell
receptor; BCR), etc. Such effector functions generally require the Fc region to be combined with
a binding domain (e.g. an antibody variable domain) and can be assessed using various assays
known in the art for evaluating such antibody effector functions.

[0098) - A “native sequence Fc region” comprises an amino acid sequence identical to the
amino acid sequence of an Fc region found in nature. A “variant Fc region” comprrises an amino
acid sequence which differs from that of a native sequence Fc region by virtue of at least one
amino acid rﬁodiﬁcation, yet retains at least one effector function of the native sequence Fc
region. Preférably, the variant Fc region has at least one amino acid substitution compared to a
native sequer:acc Fc region or to the Fc region of a parent polypeptide, e.g. from about one to
about ten amino acid substitutions, and preferably from about one to about five amino acid
substitutions in a native sequence Fc region or in the Fc region of the parent polypeptide. The
variant Fc reéion herein will preferably possess at least about 80% sequence identity with a
native sequeﬁce Fc region and/or with an Fc region of a parent polypeptide, and most preferably
at least about 90% sequence identity therewith, more preferably at least about 95%., at least about
96%, at least_?about 97%, at least about 98%, at least about 99% sequence identity therewith.
[0099] . As used herein “antibody-dependent cell-mediated cytotoxicity” and “ADCC”
referto a ccli-mcdiated reaction in which nonspecific cytotoxic cells that express F ¢ receptors
(FcRs) (e.g. natural killer (NK) cells, neutrophils, and macrophages) recognize bound antibody

on a target cell and subsequently cause lysis of the target cell. ADCC activity of a rmolecule of
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interest can be assessed using an in vitro ADCC assay, such as that described in U.S. Patent No.
5,500,362 or 5,821,337. Useful effector cells for such assays include peripheral blood
mononuclear cells PBMC) and NK cells. Alternatively, or additionally, ADCC activity of the
molecule of interest may be assessed in vivo, e.g., in a animal model such as that disclosed in
Clynes et al., 1998, PNAS (USA), 95:652-656.

[0100] As used herein, an “effective dosage” or “effective amount” drug, compound,
or pharmaceutical composition is an amount sufficient to effect beneficial or desired results.
For prophylactic use, beneficial or desired results include results such as eliminating or
reducing the }isk, lessening the severity, or delaying the outset of the disease, including
biochemical, histological and/or behavioral symptoms of the disease, its complications and
intermediate pathological phenotypes presenting during development of the disease. For
therapeutic use, beneficial or desired results include clinical results such as inhibiting,
suppressing or reducing the formation of amyloid plaques, reducing, removing, clearing
amyloid plaques, improving cognition, reversing or slowing cognitive decline, sequestering or
increasing soiuble AB peptide circulating in biological fluids, decreasing one or more
symptoms resulting from the disease (biochemical, histological and/or behavioral), including
its complications and intermediate pathological phenotypes presenting during development of

the disease, ihcreasing the quality of life of those suffering from the disease, decreasing the

" dose of other; medications required to treat the disease, enhancing effect of another

medication, dclaying the progression of the disease, and/or prolonging survival of patients.
An effective dosage can be administered in one or more administrations. For purposes of this
invention, an effective dosage of drug, compound, or pharmaceutical composition is an
amount sufficient to accomplish prophylactic or therapeutic treatment either directly or
indirectly. A is understood in the clinical context, an effective dosage of a drug, compound,
or pharmacetfnical composition may or may not be achieved in conjunction with another drug,
compound, oir pharmaceutical composition. Thus, an “effective dosage” may be considered in
the context oi’ administering one or more therapeutic agents, and a single agent may be
considered tq be given in an effective amount if, in conjunction with one or more other

agents, a desirable result may be or is achieved.
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[0101) As used herein, "treatment" or “treating” is an approach for obtaining
beneficial or desired results including clinical results. For purposes of this invention,
beneficial or desired clinical results include, but are not limited to, one or more of the
following: inhibiting, suppressing or reducing the formation of amyloid plaques, reducing,
removing, or clearing amyloid plaques, improving cognition, reversing or slowing cognitive
decline, sequestering soluble A peptide circulating in biological fluids, reducing AB peptide
(including soluble, oligomeric and deposited) in a tissue (such as brain), inhibiting, slowing
and/or reducing accumulation of AB peptide in the brain, inhibiting, slowing and/or reducing
toxic effects of AP peptide in a tissue (such as brain), decreasing symptoms resulting from the
disease, increasing the quality of life of those suffering from the disease, decreasing the dose
of other medications required to treat the disease, delaying the progression of the disease,
and/or prolonging survival of patients.

[0102] - As used herein, "delaying" development of Alzheimer’s disease means to
defer, hinder, slow, retard, stabilize, and/or postpone development of the disease. This delay
can be of va.rs'ing lengths of time, depending on the history of the disease and/or individual
being treated. As is evident to one skilled in the art, a sufficient or significant delay can, in
effect, encompass prevention, in that the individual does not develop the disease. A method
that "delays".development of Alzheimer’s disease is a method that reduces probability of
disease development in a given time frame and/or reduces extent of the disease in a given
time frame, »jyhen compared to not using the method. Such comparisons are typically based on
clinical studi:és, using a statistically significant number of subjects.

[0103] : “Development” of Alzheimer’s disease means the onset and/or progression of
Alzheimer’s ﬂisease within an individual. Alzheimer’s disease development can be detectable
using standagd clinical techniques as described herein. However, development also refers to
disease progression that may be initially undetectable. For purposes of this invention,
progression refers to the biological course of the disease state, in this case, as determined by a
standard neui'ological examination, patient interview, or may be determined by more
specialized testing. A variety of these diagnostic tests include, but not limited to,
neuroimaging, detecting alterations of levels of specific proteins in the serum or cerebrospinal

fluid (e.g., arhyloid peptides and Tau), computerized tomography (CT), and magnetic
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resonance imaging (MRI). “Development” includes occurrence, recurrence, and onset. As
used herein “onset” or “occurrence” of Alzheimer’s disease includes initial onset and and/or
recurrence.

[0104] As used herein, administration "in conjunction” includes simultaneous
administration and/or administration at different times. Administration in conjunction also
encompasses. administration as a co-formulation or administration as separate compositions.
As used herein, administration in conjunction is meant to encompass any circumstance
wherein an afati-AB antibody and another agent are administered to an individual, which can
occur simultaneously and/or separately. As further discussed herein, it is understood that an
anti-Ap antibody and the other agent can be administered at different dosing frequencies or
intervals. For example, an anti-Af antibody can be administered weekly, while the other
agent can be administered less frequently. It is understood that the anti-Ap antibody and the
other agent can be administered using the same route of administration or different routes of
administration.

[0105] A “biological sample” encompasses a variety of sample types obtained from an
individual and can be used in a diagnostic or monitoring assay. The definition encompasses
blood and other liquid samples of biological origin, solid tissue samples such as a biopsy
specimen or ﬁssue cultures or cells derived therefrom, and the progeny thereof. The
definition also includes samples that have been manipulated in any way after their
procurement; such as by treatment with reagents, solubilization, or enrichment for certain
components, such as proteins or polynucleotides, or embedding in a semi-solid or solid matrix
for sectioning purposes. The term “biological sample” encompasses a clinical sample, and
also includesf; cells in culture, cell supernatants, cell lysates, serum, plasma, biological fluid,
and tissue sar_'nples.

[0106] © An “individual” (alternatively referred to as a "subject"”) is a mammal, more
preferably a human Mammals also include, but are not limited to, farm animals (such as
cows), sport %mimals, pets (such as cats, dogs, horses), primates, mice and rats.

[0107] As used herein, "vector" means a construct, which is capable of delivering, and
preferably e)épressing, one or more gene(s) or sequence(s) of interest in a host cell. Examples

of vectors include, but are not limited to, viral vectors, naked DNA or RNA expression
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vectors, plasmid, cosmid or phage vectors, DNA or RNA expression vectors associated with
cationic condensing agents, DNA or RNA expression vectors encapsulated in liposomes, and

certain eukaryotic cells, such as producer cells.

12 Jan 2010

[0108] _ As used herein, "expression control sequence" means a nucleic acid sequence
that directs ﬁmscﬁpﬁon of a nucleic acid. An expression control sequence can be a promoter,
such as a con.stitutive or an inducible promoter, or an enhancer. The expression control
sequence is operably linked to the nucleic acid sequence to be transcribed.

[0109] . As used herein, "pharmaceutically acceptable carrier" includes any material

which, when.combined with an active ingredient, allows the ingredient to retain biological
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activity and is non-reactive with the subject's immune system. Examples include, but are not
limited to, any of the standard pharmaceutical carriers such as a phosphate buffered saline
solution, water, emulsions such as oil/water emulsion, and various types of wetting agents.
Preferred diluents for aerosol or parenteral administration are phosphate buffered saline or
normal (0.9%) saline. Compositions comprising such carriers are formulated by well known
conventional methods (see, for example, Remington's Pharmaceutical Sciences, 18th edition,
A. Gennaro, ed., Mack Publishing Co., Easton, PA, 1990; and Remington, The Science and
Practice of Pharmacy 20th Ed. Mack Publishing, 2000).

[0110] The term "kon", as used herein, is intended to refer to the on rate constant for
association oifan antibody to an antigen.

[0111) : The term "Kosr ", as used herein, is intended to refer to the off rate constant for
dissociation of an antibody from the antibody/antigen complex.

[0112] The term "Kp", as used herein, is intended to refer to the equilibrium

dissociation constant of an antibody-antigen interaction.

Compositioh.:s' and Methods of Making the Compositions

Antibody 9TL and 9TL derived antibodies and polypeptides

[0113] - This invention encompasses compositions, including pharmaceutical
compositions, comprising antibody 9TL and its variants shown in Table 3 or polypeptide
derived ﬁ'om% antibody 9TL and its variants shown in Table 3; and polynucleotides comprising
sequences encoding 9TL antibody and its variants or the polypeptide. As used herein,
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compositions comprise one or more antibodies or polypeptides (which may or may not be an
antibody) that bind to C-terminus of Af.40, and/or one or more polynucleotides comprising
sequences encoding one or more antibodies or polypeptides that bind to C-terminus of AB;o.
These compdsitions may further comprise suitable excipients, such as pharmaceutically
acceptable excipients including buffers, which are well known in the art.

[0114] The antibodies and polypeptides of the invention are characterized by any (one
or more) of the following characteristics: (a) binds to C-terminal peptide 28-40 of A, but
does not significantly bind to Ap1-42 or AB1-43; (b) binds to C-terminal peptide 33-40 of
ABi40; (©) stippresses formation of amyloid plaques in a subject; (d) reduces amyloid plaques
in a subject; (e) treats, prevents, ameliorates one or more symptoms of Alzheimer's disease;
(f) improves cognitive function. The antibodies and polypeptides of the invention may also
exhibit a desirable safety profile in contrast to other reported anti-Ap antibodies. For
example, the compositions of the invention may not cause significant or unacceptable levels
of any one or more of: bleeding in the brain vasculature (cerebral hemorrhage);
meningoencefphalitis (including changing magnetic resonance scan); elevated white blood
count in cerébral spinal fluid; central nervous system inflammation.

[0115) - Accordingly, the invention provides any of the following, or compositions
(including pharmaceutical compositions) comprising any of the following: (a) antibody 9TL
or its vaﬁanté shown in Table 3; (b) a fragment or a region of ahtibody 9TL or its variants
shown in Taﬁle 3; (c) a light chain of antibody 9TL or its variants shown in Table 3; (d) a
heavy chain of antibody 9TL or its variants shown in Table 3; (e) one or more variable
region(s) ﬁofn a light chain and/or a heavy chain of antibody 9TL or its variants shown in
Table 3; (f) 0ch or more CDR(s) (one, two, three, four, five or six CDRs) of antibody 9TL or
its variants shown in Table 3; (g) CDR H3 from the heavy chain of antibody 9TL; (h) CDR
L3 from the light chain of antibody 9TL or its variants shown in Table 3; (i) three CDRs from
the light chai’ﬁ of antibody 9TL or its variants shown in Table 3; (j) three CDRs from the
heavy chain of antibody 9TL or its variants shown in Table 3; (k) three CDRs from the light
chain and thr_:ee CDRs from the heavy chain, of antibody 9TL or its variants shown in Table 3;
and (1) an antibody comprising any one of (b) through (k). The invention also provides

polypeptides%comprising any one or more of the above.
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[0116) The CDR portions of antibody 9TL (including Chothia and Kabat CDRs) are
diagrammatically depicted in Figure 1. Determination of CDR regions is well within the skill of
the art. It is understood that in some embodiments, CDRs can be a combination of the Kabat and
Chothia CDR (also termed "combined CDRs" or "extended CDRs"). In some embodiments, the
CDRs are the Kabat CDRs. In other embodiments, the CDRs are the Chothia CDRs. In other
words, in embodiments with more than one CDR, the CDRs may be any of Kabat, Chothia,
combination CDRs, or combinations thereof.

(0117] In some embodiments, the invention provides a polypeptide (which may or may
not be an antibody) which comprises at least one CDR, at least two, at least three, or at least four,
at least five, or all six CDRs that are substaniial]y identical to at least one CDR, at least two, at
least three, at least four, at least five or all six CDRs of 9TL or its variants shown in Table 3.
Other embodiments include antibodies which have at least two, three, four, five, or six CDR(s)
that are substantially identical to at least two, three, four, five or six CDRs of 9TL or derived
from 9TL. In some embodiments, the at least one, two, three, four, five, or six CDR(s) are at
least about 85%, 86%, 87%, 88%, 89%, 90%, 95%, 96%, 97%, 98%, or 99% identical to at least
one, two, thrée, four, five or six CDRs of 9TL or its variants shown in Table 3. It is understood
that, for purposes of this invention, binding specificity and/or overall activity is generally
retained, although the extent of activity may vary compared to 9TL or its variants shown in Table
3 (may be gréater or lesser).

(01 18] . The invention also provides a polypeptide (which may or may not be an antibody)

which comprises an amino acid sequence of 9TL or its variants shown in Table 3 that has any of

the following: at least 5 contiguous amino acids, at least 8 contiguous amino acids, at least about

10 contiguous amino acids, at least about 15 contiguous amino acids, at least about 20 contiguous
amino acids, éat least about 25 contiguous amino acids, at least about 30 contiguous amino acids
ofa sequence of 9TL or its variants shown in Table 3, wherein at least 3 of the amino acids are
from a variabje region of 9TL (Figure 1) or its variants shown in Table 3. In one embodiment,
the variable region is from a light chain of 9TL. In another embodiment, the variable region is
frorn a heavy: chain of 9TL. An exemplary polypeptide has contiguous amino acid (lengths
described above) from both the heavy and light chain variable regions of STL. In another

embodiment, the 5 (or more) contiguous amino acids are from a complementarity determining
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region (CDR) of 9T L shown in Figure 1. In some embodiments, the contiguous amino acids are
from a variable region of 9TL.

[0119]) The binding affinities of the antibodies and polypeptides of the invention may
vary, and need not be (but can be) a particular value or range, as the exemplary embodiments
described below. The binding affinity of the antibodies and polypeptides of the invention to Ap,.
40 can be about 0.10 to about 0.80 nM, about 0.15 to about 0.75 nM and about 0.18 to about 0.72
nM. In somé embodiments, the binding affinity is about 2 pM, about 5 pM, about 10 pM, about
15 pM, about 20 pM,, about 40 pM, or greater than about 40 pM. In one embodiment, the binding
affinity is between about 2 pM and 22 pM. In other embodiments, the binding affinity is less
than about 10 nM, about 5 nM, about 1 nM, about 900 PM, about 800 pM, about 700 pM, about
600 pM, about 500 pM, about 400 pM, about 300 pM, about 200 pM, about 150 pM, about 100
PM, about 90 pM, about 80 pM, about 70 pM, about 60 pM, about 50 pM, about 40 pM, about 30
pM, about 10 pM. In some embodiment, the binding affinity is about 10 nM. In other
embodiments, the binding affinity is less than about 10 nM, less than about 50 nM, less than
about 100 nM, Jess than about 150 nM, less than about 200 nM, less than about 250 nM, less than
about 500 nM, or less than about 1000 nM. In other embodiments, the binding affinity is less
than about S nM. In other embodiments, the binding affinity is less than about 1 nM. In other
cmbodimenté, the binding affinity is about 0.1 nM or about 0.07 nM. In other embodiments, the
binding afﬁmty is less than about 0.1 nM or less than about 0.07 nM. In other embodiments, the
binding aﬁ'uﬁty is from any of about 10 nM, about 5 nM, about 1 nM, about 900 pM, about 800
PM, about 700 pM, about 600 pM, about 500 pM, about 400 pM, about 300 pM, about 200 pM,
about 150 pM, abourt 100 pM, about 90 pM, about 80 pM, about 70 pM, about 60 pM, about 50
PM, about 40 pM, about 30 pM, about 10 pM to any of about 2 pM, about 5 pM, about 10 pM,
about 15 pM; about 20 pM, or about 40 pM. In some embodiments, the binding affinity is any of
about 10 nM, about 5 nM, about 1 nM, about 900 pM, about 800 pM, bout 700 pM, about 600
PM, about 5(50 pM, about 400 pM, about 300 pM, about 200 pM, about 150 pM, about 100 pM,
about 90 pM; about 80 pM, about 70 pM, about 60 pM, about 50 pM, about 40 pM, about 30 pM,
about 10 pMé In still other embodiments, the binding affinity is about 2 pM, about 5 pM, about
10 pM, about 15 pM, about 20 pM, about 40 pM, or greater than about 40 pM.
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[0120) The invention also provides methods of making any of these antibodies or
polypeptides. The antibodies of this invention can be made by procedures known in the art. The
polypeptides can be produced by proteolytic or other degradation of the antibodies, by
recombinant methods (i.e., single or fusion polypeptides) as described above or by chemical
synthesis. Pé]ypeptides of the antibodies, especially shorter polypeptides up to about S0 amino
acids, are conveniently made by chemical synthesis. Methods of chemical synthesis are known in
the art and are commercially available. For example, an antibody could be produced by an
automated polypeptide synthesizer employing the solid phase method. See also, U.S. Patent Nos.
5,807,715; 4,:816,567; and 6,331,415.

[0121] " In another alternative, the antibodies can be made recombinantly using procedures
that are well known in the art. In one embodiment, a polynucleotide comprises a sequence
encoding the heavy chain and/or the light chain variable regions of antibody 9TL shown in SEQ
ID NO:9 and. SEQ ID NO:10. In another embodiment, the polynucleotide comprising the
nucleotide sequence shown in SEQ ID NO:9 and SEQ ID NO:10 are cloned into one or more
vectors for e)ffcpression or propagation. The sequence encoding the antibody of interest may be
maintained in a vector in a host cell and the host cell can then be expanded and frozen for future
use. Vectors (including expression vectors) and host cells are further described herein.

[0122] The invention also encompasses single chain variable region fragments (“scFv")
of antibodies: of this invention, such as 9TL. Single chain variable region fragments are made by
linking light fand/or heavy chain variable regions by using a short linking peptide. Bird et al.
(1988) Scienbe 242:423-426. An example of a linking peptide is (GGGGS); (SEQ ID NO:40)
which bridges approximately 3.5 nm between the carboxy terminus of one variable region and the
amino terminus of the other variable region. Linkers of other sequences have been designed and
used. Bird ef al. (1988). Linkers can in turn be modified for additional functions, such as
attachment oi drugs or attachment to solid supports. The single chain variants can be produced
either recombinantly or synthetically. For synthetic production of scFv, an automated syhthesizer
can be used. ‘For recombinant production of scFv, a suitable plasmid containing polynucleotide
that encodes _:the scFv can be introduced into a suitable host cell, either eukaryotic, such as yeast,

plant, insect or mammalian cells, or prokaryotic, such as E. coli. Polynucleotides encoding the
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scFv of interest can be made by routine manipulationis such as ligation of polynucleotides. The
resultant scFv can be isolated using standard protein purification techniques known in the art.
[0123] - Other forms of single chain antibodies, such as diabodies are also encompassed.
Diabodies are bivalent, bispecific antibodies in which VH and VL domains are expressed on a
single polypeptide chain, but using a linker that is to o short to allow for pairing between the two
domains on the same chain, thereby forcing the dom ains to pair with complementary domains of
another chain and creating two antigen binding sites (see e.g., Holliger, P., et al. (1993) Proc.
Natl. Acad Sci. USA 90:6444-6448; Poljak, R. J,, et al. (1994) Structure 2:1121-1123).

[0124] . For example, bispecific antibodies, monoclonal antibodies that have binding
specificities for at least two different antigens, can be prepared using the antibodies disclosed
herein. Methods for making bispecific antibodies are known in the art (see, e.g., Suresh et al.,
1986, Methods in Enzymology 121:210). Traditionally, the recombinant production of bispecific
antibodies was based on the coexpression of two imrmunoglobulin heavy chain-light chain pairs,
with the two heavy chains having different specificities (Millstein and Cuello, 1983, Nature 305,
537-539).

[0125] " According to one approach to making bispecific antibodies, antibody variable
domains with the desired binding specificities (antibody-antigen combining sites) are fused to
immunoglobulin constant domain sequences. The fuasion preferably is with an immunoglobulin
heavy chain constant domain, comprising at least paxt of the hinge, CH2 and CH3 regions. It is
preferred to have the first heavy chain constant region (CH1), containing the site necessary for

light chain binding, present in at least one of the fusions. DNAs encoding the immunoglobulin

- heavy chain fusions and, if desired, the immunoglob-lin light chain, are inserted into separate

expression vectors, and are cotransfected into a suitable host organism. This provides for great
flexibility in~‘adjusting the mutual proportions of the three polypeptide fragments in embodiments
when unequa:l ratios of the three polypeptide chains used in the construction provide the optimum
yields. Itis, however, possible to insert the coding sequences for two or all three polypeptide
chains in one expression vector when the expression of at least two poiypepﬁde chains in equal
ratios results jin high yields or when the ratios are of mo particular significance.

[0126] " Inone approach, the bispecific antibodies are composed of a hybrid

immunoglobulin heavy chain with a first binding specificity in one arm, and a hybrid
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immunoglobulin heavy chain-light chain pair (providing a second binding specificity) in the other
arm. This asymmetric structure, with an immunoglobulin light chain in only one half of the
bispecific molecule, facilitates the separation of the desired bispecific compound from unwanted
immunog]obillin chain combinations. This approach is described in PCT Publication No. WO
94/04690, published March 3, 1994.

[0127] Heteroconjugate antibodies, comprising two covalently joined antibodies, are also
within the scope of the invention. Such antibodies have been used to target immune system cells
to unwanted cells (U.S. Patent No. 4,676,980), and for treatment of HIV infection (PCT
application publication Nos. WO 91/00360 and WO 92/200373; EP 03089). Heteroconjugate
antibodies may be made using any convenient cross-linking methods. Suitable cross-linking
agents and techniques are well known in the art, and are described in U.S. Patent No. 4,676,980.
[0128] - Chimeric or hybrid antibodies also may be prepared in virro using known methods
of synthetic protein chemistry, including those involving cross-linking agents. For example,
immunotoxins may be constructed using a disulfide exchange reaction or by forming a thioether
bond. Examples of suitable reagents for this purpose include iminothiolate and methyl-4-
mercaptobut)"rimidate.

[0129] : Humanized antibody comprising one or more CDRs of antibody 9TL or one or
more CDRs derived from antibody 9TL can be made using any methods known in the art. For
example, fou} general steps may be used to humanize a monoclonal antibody. These are: (1)
determining ihe nucleotide and predicted amino acid sequence of the starting antibody light and
heavy variabie domains (2) designing the humanized antibody, i.e., deciding which antibody
framework région to use during the humanizing process (3) the actual humanizing
methodo]ogi;es/techniques and (4) the transfection and expression of the humanized antibod&.
See, for exarﬁple, U.S. Patent Nos. 4,816,567 5,807,715; 5,866,692; 6,331,415, 5,530,101,
5,693,761, 5,;693,762; 5,585,089; 6,180,370; 5,225,539; 6,548,640.

[0130] : In the recombinant humanized antibodies, the Fc portion can be modified to avoid
interaction wlth Fcy receptor and the complement immune system. This type of modification was
designed by Dr Mike Clark from the Department of Pathology at Cambridge University, and
techniques for preparation of such antibodies are described in WO 99/58572, published
November 18, 1999.
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[0131] _ For example, the constant region may be engineered to more resemble human
constant regions to avoid immune response if the antibody for use in clinical trials and treatments
in humans. See, for example, U.S. Patent Nos. 5,997,867 and 5,866,692.

[0132] . The invention encompasses modifications to antibody 9TL, including fun ctionally
equivalent antibodies which do not significantly affect their properties and variants which have
enhanced or Accrcased activity and/or affinity. For example, the amino acid sequence of antibody
9TL may be inutated to obtain an antibody with the desired binding affinity to A4 peptide.
Modification of polypeptides is routine practice in the art and need not be described in detail
herein. Modification of polypeptides is exemplified in the Examples. Examples of modified
polypeptides include polypeptides with conservative substitutions of amino acid residues, one or
more deletions or additions of amino acids which do not significantly deleteriously change the
functional activity, or use of chemical analogs.

[0133] ~ Amino acid sequence insertions include amino- and/or carboxyl-terminal fusions
ranging in leﬁgth. from one residue to polypeptides containing a hundred or more residues, as well
as intrasequence insertions of single or multiple amino acid residues. Examples of terminal
insertions include an antibody with an N-terminal methionyl residue or the antibody fused to an
epitope tag. Other insertional variants of the antibody molecule include the fusion to the N- or C-
terminus of the antibody of an enzyme or a polypeptide which increases the serum half-li fe of the
antibody. '

[0134] Substitution variants have at least one amino acid residue in the antibody xmolecule
removed and a different residue inserted in its place. The sites of greatest interest for
substitutional; mutagenesis include the hypervariable regions, but FR alterations are also
contemplatec!. Conservative substitutions are shown in Table 1 under the heading of
"conservativé substitutions". If such substitutions result in a change in biological activity’, then
more substan;tial changes, denominated "exemplary substitutions" in Table 1, or as further

described befow in reference to amino acid classes, may be introduced and the products screened.

Table 1: Amino Acid Substitutions

Original Refsidue Conservative Substitutions | Exemplary Substitutions

Ala (A) Val Val; Leu; lle
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Arg A(R) Lys Lys; Gin; Asn
Asn(N) Gin Gln; His; Asp, Lys; Arg
Asp (D) Glu Glu; Asn
Cys (C) Ser Ser; Ala
Gin(Q) Asn Asn; Glu
Glu (E) Asp Asp; GIn
Gly (G) Ala Ala
His (H) Arg Asn; Gln; Lys; Arg
Ile (I) Leu Leu; Val; Met; Ala; Phe;
Norleucine
Leu (L) Ile Norleucine; Ile; Val; Met;
'_ Ala; Phe
Lys (K) Arg Arg; Gln; Asn
Meté(M) Leu Leu; Phe; lle
Phe (F) Tyr Leu; Val; Ile; Ala; Tyr
Pro (P) Ala Ala
Ser (5) Thr Thr
Thr gT) Ser Ser
Trp (W) Tyr Tyr; Phe
Tyr (Y) Phe Trp; Phe; Thr; Ser
Val (V) Leu Ile; Leu; Met; Phe; Ala;
! Norleucine
[0135] Substantial modifications in the biological properties of the antibody are

accomplished by selecting substitutions that differ significantly in their effect on maintaining (a)
the structure of the polypeptide backbone in the area of the substitution, for example, as a sheet or
helical conformation, (b) the charge or hydrophobicity of the molecule at the target site, or (c) the
bulk of the siide chain. Naturally occurring residues are divided into groups based on common
side-chain properties:

(¢)) N;)n—polar: Norleucine, Met, Ala, Val, Leu, lie;
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(2) Polar without charge: Cys, Ser, Thr, Asn, Gln;

(3) Acidic (negatively charged): Asp, Glu;

(4) Basic (positively charged): Lys, Arg;

(5) Residues that influence chain orientation: Gly, Pro; and

(6) Aromatic: Trp, Tyr, Phe, His.
[0136] Non-conservative substitutions are made by exchanging a member of one of these
classes for another class.
[0137) Any cysteine residue not involved in maintaining the proper conformation of the
antibody also may be substituted, generally with serine, to improve the oxidative stability of the
molecule and prevent aberrant cross-linking. Conversely, cysteine bond(s) may be added to the
antibody to improve its stability, particularly where the antibody is an antibody fragment such as
an Fv fragment.
[0138] Amino acid modifications can range from changing or modifying one or more
amino acids to complete redesign of a region, such as the variable region. Changes in the
variable region can alter binding affinity and/or specificity. In some embodiments, no more than
one to five cénservative amino acid substitutions are made within a CDR domain. In other
embodiments, no more than one to three conservative amino acid substitutions are made within a
CDR domain. In still other embodiments, the CDR domain is CDR H3 and/or CDR L3.
[0139] Modifications also include glycosylated and nonglycosylated polypeptides, as well
as polypeptides with other post-translational modifications, such as, for example, glycosylation
with differen':t sugars, acetylation, and phosphorylation. Antibodies are glycosylated at conserved
positions in tjheir constant regions (Jefferis and Lund, 1997, Chem. Immunol. 65:111-128; Wright
and Morrisorjl, 1997, TibTECH 15:26-32). The oligosaccharide side chains of the
immunoglobil]ins affect the protein’s function (Boyd et al., 1996, Mol. Immunol. 32:1311-1318;
Wittwe and ﬁoward, 1990, Biochem. 29:4175-4180) and the intramolecular interaction between
portions of tl;e glycoprotein, which can affect the conformation and presented three-dimensional
surface of thé glycoprotein (Hefferis and Lund, supra; Wyss and Wagner, 1996, Current Opin.
Biotech. 7:469—41 6). Oligosaccharides may also serve to target a given glycoprotein to certain
molecules baised upon specific recognition structures. Glycosylation of antibodies has also been

reported to affect antibody-dependent cellular cytotoxicity (ADCC). In particular, CHO cells
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with tetracycline-regulated expression of B(l;4)-N-acetylglucosarninyltransferase III (GnTIII), a
glycosyltransferase catalyzing formation of bisecting GlcNAc, was reported to have improved
ADCC activity (Umana et al., 1999, Mature Biotech. 17:176-180).

[0140] ~ Glycosylation of antibodies is typically either N-linked or O-linked. N-linked
refers to the attachment of the carbohydrate moiety to the side chain of an asparagine residue.
The tripcptidé sequences asparagine-X-serine, asparagine-X-threonine, and asparagine-X-
cysteine, whére X is any amino acid except proline, are the recognition sequences for enzymatic
attachment of the carbohydrate moiety to the asparagine side chain. Thus, the presence of either
of these tripeptide sequences in a polypeptide creates a potential glycosylation site. O-linked
glycosylation refers to the attachment of one of the sugars N-acetylgalactosamine, galactose, or
xylose to a hydroxyamino acid, most commonly serine or threonine, although S-hydroxyproline
or S-hydroxylysine may also be used.

[0141] - Addition of glycosylation sites to the antibody is conveniently accomplished by
altering the amino acid sequence such that it contains one or more of the above-described
tripeptide sequences (for N-linked glycosylation sites). The alteration may also be made by the
addition of, or substitution by, one or more serine or threonine residues to the sequence of the
original amiBody (for O-linked glycosylation sites).

[0142] The glycosylation pattern of antibodies may also be altered without altering the
underlying nucleotide sequence. Glycosylation largely depends on the host cell used to express
the antibody.‘: Since the cell type used for expression of recombinant glycoproteins, e.g.
antibodies, a potential thcrapcuﬁcs is rarely the native cell, variations in the glycosylation
pattern of the'; antibodies can be expected (see, e.g. Hse et al., 1997, J. Biol. Chem. 272:9062-
9070). '

[0143] In addition to the choice of host cells, factors that affect glycosylation during
recombinant fproduction of antibodies include growth mode, media formulation, culture density,
oxygenation, pH, purification schemes and the like. Various methods have been proposed to alter
the glycosylﬁtion pattern achieved in a particular host organism including introducing or
overexpressixf)g certain enzymes involved in oligosaccharide production (U. S. Patent Nos.
5,047,335; 5,%510,261 and 5.278,299). Glycosylation, or certain types of glycosylation, can be
enzymatically removed from the glycoprotein, for example using endoglycosidase H {Endo H),
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N-glycosidase F as described in Example 3, endoglycosidase F1, endoglycosidase F2,
endoglycosidase F3. In addition, the recombinant host cell can be genetically engineered to be
defective in processing certain types of polysaccharides. These and similar techniques are well
known in the art.

[0144] ~ Other methods of modification include using coupling techniques known in the
art, including, but not limited to, enzymatic means, oxidative substitution and chelation.
Modiﬁcatioris can be used, for example, for attachment of labels for inmunoassay. Modified
9TL polypeptides are made using established procedures in the art and can be screened using
standard assays known in the art, some of which are described below and in the Examples.

[0145] In some embodiments of the invention, the antibody comprises a modified
constant regibn, such as a constant region that is immunologically inert or partially inert, e.g.,
does not trigger complement mediated lysis, does not stimulate antibody-dependent cell mediated
cytotoxicity (ADCC), or does not activate microglia; or have reduced activities (compared to the
unmodified antibody) in any one or more of the following: triggering complement mediated lysis,
stimulating a;ntibody-depcndcnt cell mediated cytotoxicity (ADCC), or activating microglia.
Different modifications of the constant region may be used to achieve optimal level and/or
combination of effector functions. See, for example, Morgan et al., Immunology 86:319-324
(1995); Lund et al., J. Immunology 157:4963-9 157:4963-4969 (1996); 1dusogie et al., J.
Immunology l 64:4178-4184 (2000); Tao et al., J. Immunology 143: 2595-2601 (1989); and
Jefferis et al.; Immunological Reviews 163:59-76 (1998). In some embodiments, the constant
region is modified as described in Eur. J. Immunol. (1999) 29:2613-2624; PCT Application No.
PCT/GB99/GI441; and/or UK Patent Application No. 9809951.8 . In other embodiments, the
antibody conixpriscs a human heavy chain IgG2a constant region comprising the following
mutations: A:;330P331 to S330S331 (amino acid numbering with reference to the wildtype IgG2a
sequence). Eur J. Immunol. (1999) 29:2613-2624. In still other embodiments, the constant
region is agl)f'cosylated for N-linked glycosylation. In some embodiments, the constant region is
aglycosylated for N-linked glycosylation by mutating the glycosylated amino acid residue or
flanking residues that are part of the N-glycosylation recognition sequence in the constant region.
For example,% N-glycosylation site N297 may be mutated to A, Q, K, or H. See, Tao et al., J.
Immunology 143: 2595-2601 (1989); and Jefferis et al., Immiinological Reviews 163:59-76
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(1998). In some embodiments, the constant region is aglycosylated for N-linked glycosylation.
The constant region may be aglycosylated for N-linked glycosylation enzymatically (such as
removing carbohydrate by enzyme PNGase), or by expression in a glycosylation deficient host
cell.

[0146] : Other antibody modifications include antibodies that have been modified as
described in i’CT Publication No. WO 99/58572, published November 18, 1999. These
antibodies co:mprise, in addition to a binding domain directed at the target molecule, an effector
domain haviﬁg an amino acid sequence substantially homologous to all or part of a constant
domain of a human immunoglobulin heavy chain. These antibodies are capable of binding the
target molecule without triggering significant complement dependent lysis, or cell-mediated
destruction of the target. In some embodiments, the effector domain is capable of specifically
binding FcRn and/or FcyRIIb. These are typically based on chimeric domains derived from two
or more human immunoglobulin heavy chain Cy2 domains. Antibodies modified in this manner
are particularly suitable for use in chronic antibody therapy, to avoid inflammatory and other
adverse reacﬁom to conventional antibody therapy.

[0147] The invention includes affinity matured embodiments. For example, affinity
matured antil;)odies can be produced by procedures known in the art (Marks et al., 1992,

Bio/T: echnolégy, 10:779-783; Barbas et al., 1994, Proc Nat. Acad. Sci, USA 91:3809-3813;
Schier et al., 1 995, Gene, 169:147-155; Yeltonet al., 1§95, J. Immunol., 155:1994-2004;
Jackson et al, 1995, J. Immunol., 154(7):3310-9; Hawkins et al, 1992, J. Mol. Biol., 226:889-
896; and W02004/058184).

[0148]) The following methods may be used for adjusting the affinity of an antibody and
for chmacterfzing a CDR. One way of characterizing a CDR of an antibody and/or altering (such
as improviné) the binding affinity of a polypeptide, such as an antibody, termed "library scanning
mutagenesis'é. Generally, library scanning mutagenesis works as follows. One or more amino
acid position§ in the CDR are replaced with two or more (such as 3,4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, 15, 16, 1{7, 18, 19, or 20) amino acids using art recognized methods. This generates small
libraries of clones (in some embodiments, one for every amino acid position that is analyzed),
each with a a:omplexity of two'or more members (if two or more amino acids are substituted at

every position). Generally, the library also includes a clone comprising the native (unsubstituted)
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amino acid. A small number of clones, e.g., about 20-80 clones (depending on the complexity o f
the library), from each library are screened for binding affinity to the target polypeptide (or other
binding target), and candidates with increased, the same, decreased or no binding are identified.
Methods for determining binding affinity are well-known in the art. Binding affinity may be
determined using BIAcore surface plasmon resonance analysis, which detects differences in
binding affmity of about 2-fold or greater. BIAcore is particularly useful when the starting
antibody already binds with a relatively high affinity, for example a Kp of about 10 nM or lower.
Screening using BlAcore surface plasmon resonance is described in the Examples, herein.

[0149) ~ Binding affinity may be determined using Kinexa Biocensor, scintillation
proximnity assays, ELISA, ORIGEN immunoassay (1GEN), fluorescence quenching, fluorescence
transfer, and/or yeast display. Binding affinity may also be screened using a suitable bioassay.
[0150) . In some embodiments, every amino acid position in a CDR is replaced (in some
embodiments, one at a time) with all 20 natural amino acids using art recognized mutagenesis
methods (sorixe of which are described herein). This generates small libraries of clones (in some
embodjmenté, one for every amino acid position that is analyzed), each with a complexity of 20
members (if élll 20 amino acids are substituted at every position).

[0151] ~ In some embodiments, the library to be screened comprises substitutions in two or
more positioﬁs, which may be in the same CDR or in two or more CDRs. Thus, the library may
comprise sub,istitutioné in two or more positions in one CDR. The library may comprise
substitution in two or more positions in two or more CDRs. The library may comprise
substitution m 3, 4, 5, or more positions, said positions found in two, three, four, five or six
CDRs. The substitution may be prepared using low redundancy codons. See, e.g., Table 2 of
Balint et al. ,:!(1993) Gene 137(1):109-18).

[0152] ' The CDR may be CDRH3 and/or CDRL3. The CDR may be one or more of
CDRL.1, CDljiL:Z, CDRL3, CDRH1, CDRH2, and/or CDRH3. The CDR may be a Kabat CDR, a
Chothia CDR, or an extended CDR. '

[0153] Candidates with improved binding may be sequenced, thereby identifying a CDR
substitution mutant which results in improved affinity (also termed an "improved" substitution).
Candidates tlj:at bind may also be sequenced, thereby identifying a CDR substitution which
retains bindiﬁg.
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[0154] Multiple rounds of screening may be conducted. For example, candidates (each
comprising an amino acid substitution at one or more position of one or more CDR) with
improved binding are also useful for the design of a second library containing at least the original
and substituted amino acid at each improved CDR position (i.e., amino acid position in the CDR.
at which a substitution mutant showed improved binding). Preparation, and screening or
selection of this library is discussed further below.

[0155] - Library scanning mutagenesis also provides a means for characterizing a CDR, imx
so far as the frequency of clones with improved binding, the same binding, decreased binding or
no binding also provide information relating to the importance of each amino acid position for the
stability of the antibody-antigen complex. For example, if a position of the CDR retains binding
when changed to all 20 amino acids, that position is identified as a position that is unlikely to be
required for antigen binding. Conversely, if a position of CDR retains binding in only a small
percentage of substitutions, that position is identified as a position that is important to CDR
function. Thfus, the library scanning mutagenesis methods generate information regarding
positions in t;he CDR.s that can be changed to many diffefent amino acid (including all 20 amino
acids), and p;)sitions in the CDRs which cannot be changed or which can only be changed to a
few amino acids.

[0156] Candidates with improved affinity may be combined in a second library, which
includes the izmpmvcd amino acid, the original amino acid at that position, and may further
include addiéonal substitutions at that position, depending on the complexity of the library that is
desired, or pérmitted using the desired screening or selection method. In addition, if desired,
adjacent amixfxo acid position can be randomized to at least two or more amino acids.
Randomization of adjacent amino acids may permit additional conformational flexibility in the
mutant CDR,:" which may in turn, permit or facilitate the introduction of a larger number of
improving méutations- The library may also comprise substitution at positions that did not show
improved affinity in the first round of screening.

[0157) : The second library is screened or selected for library members with improved
and/or alterec;i binding affinity using any method known in the art, including screening using
BlAcore surface plasmmon resonance analysis, and selection using any method known in the art
for selection,;; including phage display, yeast display, and ribosome display.
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[0158] The invention also encompasses fusion proteins comprising one or more fragments
or regions from the antibodies (such as 9TL) or polypeptides' of this invention. In one
embodiment, a fusion polypeptide is provided that comprises at least 10 contiguous amino acids
of the variabie light chain region shown in SEQ ID NO:2 (Figure 1) and/or at least 10 amino
acids of the variable heavy chain region shown in SEQ ID NO:1 (Figure 1). In other
embodiments, a fusion polypeptide is provided that comprises at least about 10, at least about 15,
at least about 20, at least about 25, or at least about 30 contiguous amino acids of the variable
light chain région shown in SEQ ID NO:2 (Figure 1) and/or at least about 10, at least about 15, at
least about 20, at least about 25, or at least about 30 contiguous amino acids of the variable heavy
chain region shown in SEQ ID NO:1 (Figure 1). In another embodiment, the fusion polypeptide
comprises a light chain variable region and/or a heavy chain variable region of 9TL, as shown in’
SEQ ID NO:2 and SEQ ID NO:1 of Figure 1. In another embodiment, the fusion polypeptide
comprises one or more CDR(s) of 9TL. In still other embodiments, the fusion polypeptide
comprises CDR H3 and/or CDR L3 of antibody 9TL. For purposes of this invention, an 9TL
fusion proteixfl contains one or more 9TL antibodies and another amino acid sequence to which it
is not attached in the native molecule, for example, a heterologous sequence or a homologous
sequence from another region. Exemplary heterologous sequences include, but are not limited to
a "tag" such as a FLAG tag or a 6His tag. Tags are well known in the art.

[0159] A 9TL fusion polypeptide can be created by methods known in the art, for
example, synihetically or recombinantly. Typically, the 9TL fusion proteins of this invention are
made by pre;?aﬁng an expressing a polynucleotide encoding them using recombinant methods
described herein, although they may also be prepared by other means known in the art, including,
for example, ichemical synthesis.

[0160) This invention also provides compositions comprising 9TL antibodies or
polypeptideé éconjugated (for example, linked) to an agent that facilitate coupling to a solid
support (suc}i as biotin or avidin). For simnplicity, reference will be made generally to 9TL or
antibodies wnh the understanding that these methods apply to any of the AB;.4 binding
embodiment.v; described herein. Conjugation generally refers to linking these components as
described herein. The linking (which is generally fixing these components in proximate

association a@ least for administration) can be achieved in any number of ways. For example, a
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direct reaction between an agent and an antibody is possible when each possesses a substituent
capable of reacting with the other. For example, a nucleophilic group, such as an amino or
sulfhydryl group, on one may be capable of reacting with a carbonyl-containing group, such as an
anhydride or an acid halide, or with an alkyl group containing a good leaving group (e.g., a
halide) on the other.

[0161]  An antibody or polypeptide of this invention may be linked to a labeling agent
(alternatively termed “label”) such as a fluorescent molecule, a radioactive molecule or any
others labels known in the art. Labels are known in the art which generally provide (either
directly or indirectly) a signal.

[0162] ~ The invention also provides compositions (including pharmaceutical
compositions) and kits comprising antibody 9TL, and, as this disclosure makes clear, any or all of

the antibodies and/or polypeptides described herein.

Anti-AB peptide antibodies and polypeptides having impaired effector function
(0163] t The methods of the invention use antibodlies or polypeptides (including

phannaceuticial compositions comprising the antibodies or polypeptides) that specifically bind to
a beta-amylofid peptide and have impaired effector function. The antibodies and polypeptides are
further characterized by any (one or more) of the following characteristics: (a) suppresses
formation of Zamyloid plaques in a subject; (b) reduces armyloid plaques in a subject; (c) treats,
prevents, a:néﬁorates one or more symptoms of Alzheimer's disease; (d) improves cognitive
function. The antibodies and polypeptides described herein may exhibit a desirable safety profile,
for example, gthc compositions of the invention do not cause significant or unacceptable levels or
have a reducéd level of any one or more of: bleeding in the brain vasculature {cerebral
hemorrhage)i meningoencephalitis (including changing magnetic resonance scan); elevated white
blood count in cerebral spinal fluid; central nervous system inflammation. As shown in Example
4, an anti—ABi antibody having N-linked glycosylation removed in the Fc region was effective in
removing arnfyloid plaques in the brain and improving cognitive function with significantly less
microhemozr'inage than the intact antibody in an animal model for Alzheimer's disease.

[0164) As used herein, an antibody or a polypeptide having an "impaired effector

function" (us?d interchangeably with "immunologically inert" or "partially immunologically
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inert") refers to antibodies or polypeptides that do not have any effector function or have reduced
activity or activities of effector function (compared to antibody or polypeptide having an
unmodified or a naturally occurring constant region), e.g., having no activity or reduced activity
in any one or more of the following: a) triggering complement mediated lysis; b) stimulating
antibody-dependent cell mediated cytotoxicity (ADCC); and c) activating microglia. The effector
function activity may be reduced by about any of 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, 95%, 99%, and 100%. In some embodiments, the antibody binds to a beta-amyloid peptide
without triggering significant complement dependent lysis, or cell mediated destruction of the
target. For example, the Fc receptor binding site on the constant region may be modified or
mutated to remove or reduce binding affinity to certain Fc receptors, such as FcyRl, FcyRII,
and/or FcyRIﬁ. For simplicity, reference will be made to antibodies with the understanding that
embodiments also apply to polypeptides. EU numbering system (Kabat et al., Sequences of
Proteins of Immunological Interest; 5th ed. Public Health Service, National Institutes of Healthy,
Bethesda, Md., 1991) is used to indicate which amino acid residue(s) of the constant region (e.g.,
of an IgG anﬁbody) are altered or mutated. The numbering may be used for a specific type of
antibody (e.g., IgG1) or a species (e.g., human) with the understanding that similar changes can
be made acrdss types of antibodies and species.

[016S] ) In some embodiments, the antibody that specifically binds to the an Ap peptide
comprises a fleavy chain constant region having impaired effector function. The heavy chain
constant regi;bn may have naturally occurring sequence or is a variant. In some embodiments, the
amino acid se}quencc of a naturally occurring heavy chain constant region is mutated, e.g., by
amino acid stjlbstitution, insertion and/or deletion, whereby the effector function of the constant
region is nnpalred In some embodiments, the N-glycosylation of the Fc region of a heavy chain
constant region may also be changed, e.g., may be removed completely or partially, whereby the
effector function of the constant region is impaired.

[0166] In some embodiments, the effector function is impaired by removing N-
glycosylationz of the Fc region (e.g., in the CH 2 domain of IgG) of the anti-AP peptide. In some
embodimenté, N-glycosylation of the Fc region is removed by mutating the glycosylated amino
acid residue 0r flanking residues that are part of the glycosylation recognition sequence in the
constant regibn. The tripeptide sequences asparagine-X-serine (N-X-S), asparagine-X-threonine
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(N-X-T) and ‘asparagine-X-cysteine (N-X-C), where X is any amino acid except proline, are the
recognition sequences for enzymatic attachment of the carbohydrate moiety to the asparagine side
chain for N-glycosylation. Mutating any of the amino acid in the tripeptide sequences in the
constant region yields an aglycosylated IgG. For example, N-glycosylation site N297 of human
IgG1 and IgG3 may be mutated to A, D, Q, K, or H. See, Tao et al.,J. Immunology 143: 2595-
2601 (1989); and Jefferis et al., Immunological Reviews 163:59-76 (1998). It has been reported
that human IgG1 and IgG3 with substitution of Asn-297 with Gln, His, or Lys do not bind to the
human FeyR1 and do not activate complement with Clq binding ability completely lost for IgG1
and dramatic.fally decreased for IgG3. In some embodiments, the amino acid N in the tripepti de
sequences is mutated to any one of amino acid A, C,D,E,F,G, H,,K,L,M,P,Q,R,S, T, V,
W, Y. In some embodiments, the amino acid N in the tripeptide sequences is mutated to a
conservative substitution. In some embodiments, the amino acid X in the tripeptide sequences is
mutated to pfoline. In some embodiments, the amino acid S in the tripeptide sequences is

mutated to A, D, E,F, G,H,,K,L,M,N,P,Q,R, V, W, Y. In some embodiments, the amino
acid T in the tripeptide sequences is mutated to A, D, E, F, G,H, 1, K, L, M, N,P, Q,R, V, W, Y.
In some embjc»diments, the amino acid C in the tripeptide sequences is mutated to A, D, E, F, G,
H LKL, M, N,P,Q,R,V, W, Y. In some embodiments, the amino acid following the
tripeptide is f;nutated to P. In some embodiments, the N-glycosylation in the constant region is
removed enzfymatica]ly (such as N-glycosidase F as described in Example 3, endoglycosidase F1,
endoglycosiéase F2, endoglycosidase F3, and.englycosidase H). Removing N-glycosylation may
also be achie:ved by producing the antibody in a cell line having deficiency for N-glycosylation.
Wright et al.; J Immunol. 160(7):3393-402 (1998).

[0167] - : Insome embodiments, amino acid residue interacting with oligosaccharide
attached to tlie N-glycosylation site of the constant region is mutated to reduce binding affinity to
FcyRl. For é:xample, F241, V264, D265 of human IgG3 may be mutated. See, Lund et al., J.
Immunology 157:4963-4969 (1996). '

[0168] ' In some embodiments, the effector function is impaired by modifying regions such
as 233-236, 297, and/or 327-331 of human IgG as described in PCT WO 99/58572 and Armour et
al., Moleculcfr Immunology 40: 585-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>