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HUMANIZED ANTIBODIES THAT 
RECOGNIZE BETA AMYLOID PEPTIDE 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of prior 
?led application U.S. Ser. No. 10/010,942 ?led Dec. 6, 2001 
entitled “Humanized Antibodies that Recognize Beta Amy 
loid Peptide” (pending) Which, in turn, claims the bene?t of 
prior-?led provisional patent application U.S. Ser. No. 
60/251,892 (?led Dec. 6, 2000) entitled “Humanized Anti 
bodies That Recognize Beta-Amyloid Peptide” (expired). 
The entire content of the above-referenced applications is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] Alzheimer’s disease (AD) is a progressive disease 
resulting in senile dementia. See generally Selkoe, TINS 
16:403 (1993); Hardy et al., WO 92/13069; Selkoe, .1. Neu 
ropathol. Exp. Neurol. 531438 (1994); Duff et al., Nature 
373:476 (1995); Games et al., Nature 373:523 (1995). 
Broadly speaking, the disease falls into tWo categories: late 
onset, Which occurs in old age (65+ years) and early onset, 
Which develops Well before the senile period, i.e., betWeen 35 
and 60 years. In both types of disease, the pathology is the 
same but the abnormalities tend to be more severe and Wide 
spread in cases beginning at an earlier age. The disease is 
characterized by at least tWo types of lesions in the brain, 
neuro?brillary tangles and senile plaques. Neuro?brillary 
tangles are intracellular deposits of microtubule associated 
tau protein consisting of tWo ?laments tWisted about each 
other in pairs. Senile plaques (i.e., amyloid plaques) are areas 
of disorganized neuropil up to 150 um across With extracel 
lular amyloid deposits at the center Which are visible by 
microscopic analysis of sections of brain tissue. The accumu 
lation of amyloid plaques Within the brain is also associated 
With DoWn’s syndrome and other cognitive disorders. 
[0003] The principal constituent of the plaques is a peptide 
termedA[3 or [3-amyloid peptide. AB peptide is a 4-kDa inter 
nal fragment of 39-43 amino acids of a larger transmembrane 
glycoprotein named protein termed amyloid precursor pro 
tein (APP). As a result of proteolytic processing of APP by 
different secretase enzymes, AB is primarily found in both a 
short form, 40 amino acids in length, and a long form, ranging 
from 42-43 amino acids in length. Part of the hydrophobic 
transmembrane domain of APP is found at the carboxy end of 
AB, and may account for the ability of A6 to aggregate into 
plaques, particularly in the case of the long form. Accumula 
tion of amyloid plaques in the brain eventually leads to neu 
ronal cell death. The physical symptoms associated With this 
type of neural deterioration characterize Alzheimer’s disease. 
[0004] Several mutations Within the APP protein have been 
correlated With the presence of Alzheimer’s disease. See, e. g., 
Goate et al., Nature 349:704) (1991) (valine717 to isoleucine); 
Chartier Harlan et al. Nature 353:844 (1991)) (valine717 to 
glycine); Murrell et al., Science 254:97 (1991) (valine717 to 
phenylalanine); Mullan et al., Nature Genet. 1:345 (1992) (a 
double mutation changing lysine595 -methionine596 to aspar 
agine595-leucine596). Such mutations are thought to cause 
Alzheimer’s disease by increased or altered processing of 
APP to A6, particularly processing of APP to increased 
amounts of the long form ofA[3 (i.e., A[31-42 and A[31-43). 
Mutations in other genes, such as the presenilin genes, PS1 
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and PS2, are thought indirectly to affect processing of APP to 
generate increased amounts of long form AB (see Hardy, 
TINS 20: 154 (1997)). 
[0005] Mouse models have been used successfully to deter 
mine the signi?cance of amyloid plaques in Alzheimer’s 
(Games et al., supra, Johnson-Wood et al., Proc. Natl. Acad. 
Sci. USA 94: 1 550 (1997)). In particular, When PDAPP trans 
genic mice, (Which express a mutant form of human APP and 
develop Alzheimer’s disease at a young age), are injected With 
the long form of AB, they display both a decrease in the 
progression of Alzheimer’s and an increase in antibody titers 
to theA[3 peptide (Schenk et al., Nature 400, 173 (1999)). The 
observations discussed above indicate thatA[3, particularly in 
its long form, is a causative element in Alzheimer’s disease. 
[0006] McMichael, EP 526,511, proposes administration 
of homeopathic dosages (less than or equal to 10-2 mg/ day) of 
A6 to patients With preestablished AD. In a typical human 
With about 5 liters of plasma, even the upper limit of this 
dosage Would be expected to generate a concentration of no 
more than 2 pg/ml. The normal concentration of AB in human 
plasma is typically in the range of 50-200 pg/ml (Seubert et 
al., Nature 359:325 (1992)). Because EP 526,511 ’s proposed 
dosage Would barely alter the level of endogenous circulating 
AB and because EP 526,511 does not recommend use of an 
adjuvant, as an immunostimulant, it seems implausible that 
any therapeutic bene?t Would result. 
[0007] Accordingly, there exists the need for neW therapies 
and reagents for the treatment of Alzheimer’s disease, in 
particular, therapies and reagents capable of effecting a thera 
peutic bene?t at physiologic (e.g., non-toxic) doses. 

SUMMARY OF THE INVENTION 

[0008] The present invention features neW immunological 
reagents, in particular, therapeutic antibody reagents for the 
prevention and treatment of amyloidogenic disease (e. g., 
Alzheimer’s disease). The invention is based, at least in part, 
on the identi?cation and characterization of tWo monoclonal 
antibodies that speci?cally bind to A6 peptide and are effec 
tive at reducing plaque burden and/or reducing the neuritic 
dystrophy associated With amyloidogenic disorders. Struc 
tural and functional analysis of these antibodies leads to the 
design of various humanized antibodies for prophylactic and/ 
or therapeutic use. In particular, the invention features 
humanization of the variable regions of these antibodies and, 
accordingly provides for humanized immuno globulin or anti 
body chains, intact humanized immunoglobulins or antibod 
ies, and functional immuno globulin or antibody fragments, in 
particular, antigen binding fragments, of the featured antibod 
ies. 

[0009] Polypeptides comprising the complementarity 
determining regions of the featured monoclonal antibodies 
are also disclosed, as are polynucleotide reagents, vectors and 
host suitable for encoding said polypeptides. 
[0010] Methods of treatment of amyloidogenic diseases or 
disorders (e. g., Alzheimer’s disease) are disclosed, as are 
pharmaceutical compositions and kits for use in such appli 
cations. 
[0011] Also featured are methods of identifying residues 
Within the featured monoclonal antibodies Which are impor 
tant for proper immunologic function and for identifying 
residues Which are amenable to substitution in the design of 
humanized antibodies having improved binding a?inities 
and/or reduced immunogenicity, When used as therapeutic 
reagents. 
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[0012] Also featured are antibodies (e.g., humanized anti 
bodies) having altered effector functions, and therapeutic 
uses thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 depicts an alignment of the amino acid 
sequences of the light chain of mouse 3D6, humanized 3D6, 
Kabat ID 109230 and germlineAl 9 antibodies. CDR regions 
are indicated by arroWs. Bold italics indicate rare murine 
residues. Bold indicates packing (VH+VL) residues. Solid ?ll 
indicates canonical/CDR interacting residues. Asterisks indi 
cate residues selected for backmutation in humanized 3D6, 
version 1. 
[0014] FIG. 2 depicts an alignment of the amino acid 
sequences of the heavy chain of mouse 3D6, humanized 3D6, 
Kabat ID 045919 and germline VH3-23 antibodies. Annota 
tion is the same as for FIG. 1. 
[0015] FIG. 3 graphically depicts theA[3 binding properties 
of 3D6, chimeric 3D6 and l0D5. FIG. 3A is a graph depicting 
binding of A6 to chimeric 3D6 (PK1614) as compared to 
murine 3D6. FIG. 3B is a graph depicting competition of 
biotinylated 3D6 versus unlabeled 3D6, PK1614 and l0D5 
for binding to A6. 
[0016] FIG. 4 depicts a homology model of 3D6 VH and 
VL, shoWing ot-carbon backbone trace. VH is shoWn in as a 
stippled line, andVL is shoWn as a solid line. CDR regions are 
indicated in ribbon form. 
[0017] FIG. 5 graphically depicts theA[3 binding properties 
of chimeric 3D6 and humanized 3D6. FIG. 5A depicts ELISA 
results measuring the binding of humanized 3D6vl and chi 
meric 3D6 to aggregated AB. FIG. 5B depicts ELISA results 
measuring the binding of humanized 3D6vl and humanized 
3D6v2 to aggregated AB. 
[0018] FIG. 6 is a graph quantitating the binding of human 
ized 3D6 and chimeric 3D6 to A6 plaques from brain sections 
of PDAPP mice. 
[0019] FIG. 7 is a graph shoWing results of a competitive 
binding assay testing the ability of humanized 3D6 versions 1 
and 2, chimeric 3D6, murine 3D6, and l0D5 to compete With 
murine 3D6 for binding to A6. 
[0020] FIG. 8 graphically depicts of an ex vivo phagocyto 
sis assay testing the ability of humanized 3D6v2, chimeric 
3D6, and human IgG to mediate the uptake of AB by micro 
glial cells. 
[0021] FIG. 9 depicts an alignment of the l0D5 VL and 
3D6 VL amino acid sequences. Bold indicates residues that 
match l0D5 exactly. 
[0022] FIG. 10 depicts an alignment of the l0D5 VH and 
3D6 VH amino acid sequences. Bold indicates residues that 
match l0D5 exactly. 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] The present invention features neW immunological 
reagents and methods for preventing or treating Alzheimer’s 
disease or other amyloidogenic diseases. The invention is 
based, at least in part, on the characterization of tWo mono 
clonal immunoglobulins, 3D6 and l0D5, effective at binding 
beta amyloid protein (AB) (e. g., binding soluble and/ or aggre 
gated A[3), mediating phagocytosis (e.g., of aggregated AB), 
reducing plaque burden and/or reducing neuritic dystrophy 
(e. g., in patient). The invention is further based on the deter 
mination and structural characterization of the primary and 
secondary structure of the variable light and heavy chains of 
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these immunoglobulins and the identi?cation of residues 
important for activity and immunogenicity. 
[0024] Immunoglobulins are featured Which include a vari 
able light and/or variable heavy chain of the preferred mono 
clonal immunoglobulins described herein. Preferred immu 
noglobulins, e. g., therapeutic immunoglobulins, are featured 
Which include a humanized variable light and/or humanized 
variable heavy chain. Preferred variable light and/or variable 
heavy chains include a complementarity determining region 
(CDR) from the monoclonal immunoglobulin (e. g., donor 
immunoglobulin) and variable frameWork regions substan 
tially from a human acceptor immunoglobulin. The phrase 
“substantially from a human acceptor immunoglobulin” 
means that the majority or key frameWork residues are from 
the human acceptor sequence, alloWing hoWever, for substi 
tution of residues at certain positions With residues selected to 
improve activity of the humanized immunoglobulin (e. g., 
alter activity such that it more closely mimics the activity of 
the donor immunoglobulin) or selected to decrease the immu 
nogenicity of the humanized immunoglobulin. 
[0025] In one embodiment, the invention features a human 
ized immunoglobulin light or heavy chain that includes 3D6 
variable region complementarity determining regions 
(CDRs) (i.e., includes one, tWo or three CDRs from the light 
chain variable region sequence set forth as SEQ ID NO:2 or 
includes one, tWo or three CDRs from the heavy chain vari 
able region sequence set forth as SEQ ID NO:4), and includes 
a variable frameWork region substantially from a human 
acceptor immunoglobulin light or heavy chain sequence, pro 
vided that at least one residue of the frameWork residue is 
backmutated to a corresponding murine residue, Wherein said 
backmutation does not substantially affect the ability of the 
chain to direct AB binding. 
[0026] In another embodiment, the invention features a 
humanized immunoglobulin light or heavy chain that 
includes 3D6 variable region complementarity determining 
regions (CDRs) (e.g., includes one, tWo or three CDRs from 
the light chain variable region sequence set forth as SEQ ID 
NO2 and/ or includes one, tWo or three CDRs from the heavy 
chain variable region sequence set forth as SEQ ID NO:4), 
and includes a variable frameWork region substantially from 
a human acceptor immunoglobulin light or heavy chain 
sequence, provided that at least one frameWork residue is 
substituted With the corresponding amino acid residue from 
the mouse 3D6 light or heavy chain variable region sequence, 
Where the frameWork residue is selected from the group con 
sisting of (a) a residue that non-covalently binds antigen 
directly; (b) a residue adjacent to a CDR; (c) a CDR-interact 
ing residue (e.g., identi?ed by modeling the light or heavy 
chain on the solved structure of a homologous knoWn immu 
noglobulin chain); and (d) a residue participating in the VL 
VH interface. 

[0027] In another embodiment, the invention features a 
humanized immunoglobulin light or heavy chain that 
includes 3D6 variable region CDRs and variable frameWork 
regions from a human acceptor immunoglobulin light or 
heavy chain sequence, provided that at least one frameWork 
residue is substituted With the corresponding amino acid resi 
due from the mouse 3D6 light or heavy chain variable region 
sequence, Where the frameWork residue is a residue capable 
of affecting light chain variable region conformation or func 
tion as identi?ed by analysis of a three-dimensional model of 
the variable region, for example a residue capable of interact 
ing With antigen, a residue proximal to the antigen binding 
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site, a residue capable of interacting With a CDR, a residue 
adjacent to a CDR, a residue Within 6 A of a CDR residue, a 
canonical residue, a vernier Zone residue, an interchain pack 
ing residue, an unusual residue, or a glycoslyation site residue 
on the surface of the structural model. 

[0028] In another embodiment, the invention features a 
humaniZed immunoglobulin light chain that includes 3D6 
variable region CDRs (e.g., from the 3D6 light chain variable 
region sequence set forth as SEQ ID NO:2), and includes a 
human acceptor immunoglobulin variable frameWork region, 
provided that at least one frameWork residue selected from 
the group consisting of L1, L2, L36 and L46 (Kabat number 
ing convention) is substituted With the corresponding amino 
acid residue from the mouse 3D6 light chain variable region 
sequence. In another embodiment, the invention features a 
humaniZed immunoglobulin heavy chain that includes 3D6 
variable region CDRs (e.g., from the 3D6 heavy chain vari 
able region sequence set forth as SEQ ID NO:4), and includes 
a human acceptor immunoglobulin variable frameWork 
region, provided that at least one framework residue selected 
from the group consisting of H49, H93 and H94 (Kabat 
numbering convention) is substituted With the corresponding 
amino acid residue from the mouse 3D6 heavy chain variable 
region sequence. 
[0029] Preferred light chains include kappa II frameWork 
regions of the subtype kappa II (Kabat convention), for 
example, frameWork regions from the acceptor immunoglo 
bulin Kabat ID 019230, Kabat ID 005131, Kabat ID 005058, 
Kabat ID 005057, Kabat ID 005059, Kabat ID U21040 and 
Kabat ID U41 645. Preferred heavy chains include frameWork 
regions of the subtype III (Kabat convention), for example, 
frameWork regions from the acceptor immuno globulin Kabat 
ID 045919, Kabat ID 000459, Kabat ID 000553, Kabat ID 
000386 and Kabat ID M23691. 

[0030] In one embodiment, the invention features a human 
iZed immunoglobulin light or heavy chain that includes 10D5 
variable region complementarity determining regions 
(CDRs) (i.e., includes one, tWo or three CDRs from the light 
chain variable region sequence set forth as SEQ ID NO:14 or 
includes one, tWo or three CDRs from the heavy chain vari 
able region sequence set forth as SEQ ID NO:16), and 
includes a variable frameWork region substantially from a 
human acceptor immunoglobulin light or heavy chain 
sequence, provided that at least one residue of the frameWork 
residue is backmutated to a corresponding murine residue, 
Wherein said backmutation does not substantially affect the 
ability of the chain to direct AB binding. 
[0031] In another embodiment, the invention features a 
humaniZed immunoglobulin light or heavy chain that 
includes 10D5 variable region complementarity determining 
regions (CDRs) (e.g., includes one, tWo or three CDRs from 
the light chain variable region sequence set forth as SEQ ID 
NO: 14 and/or includes one, tWo or three CDRs from the 
heavy chain variable region sequence set forth as SEQ ID 
NO: 16), and includes a variable frameWork region substan 
tially from a human acceptor immunoglobulin light or heavy 
chain sequence, provided that at least one frameWork residue 
is substituted With the corresponding amino acidresidue from 
the mouse 3D6 light or heavy chain variable region sequence, 
Where the frameWork residue is selected from the group con 
sisting of (a) a residue that non-covalently binds antigen 
directly; (b) a residue adjacent to a CDR; (c) a CDR-interact 
ing residue (e.g., identi?ed by modeling the light or heavy 
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chain on the solved structure of a homologous knoWn immu 
noglobulin chain); and (d) a residue participating in the VL 
VH interface. 

[0032] In another embodiment, the invention features a 
humanized immunoglobulin light or heavy chain that 
includes 10D5 variable region CDRs and variable frameWork 
regions from a human acceptor immunoglobulin light or 
heavy chain sequence, provided that at least one frameWork 
residue is substituted With the corresponding amino acid resi 
due from the mouse 10D5 light or heavy chain variable region 
sequence, Where the frameWork residue is a residue capable 
of affecting light chain variable region conformation or func 
tion as identi?ed by analysis of a three-dimensional model of 
the variable region, for example a residue capable of interact 
ing With antigen, a residue proximal to the antigen binding 
site, a residue capable of interacting With a CDR, a residue 
adjacent to a CDR, a residue Within 6 A of a CDR residue, a 
canonical residue, a vernier Zone residue, an interchain pack 
ing residue, an unusual residue, or a glycoslyation site residue 
on the surface of the structural model. 

[0033] In another embodiment, the invention features, in 
addition to the substitutions described above, a substitution of 
at least one rare human frameWork residue. For example, a 
rare residue can be substituted With an amino acid residue 
Which is common for human variable chain sequences at that 
position. Alternatively, a rare residue can be substituted With 
a corresponding amino acid residue from a homologous ger 
mline variable chain sequence (e. g., a rare light chain frame 
Work residue can be substituted With a corresponding germ 
line residue from an A1, A17, A18, A2, or A19 germline 
immunoglobulin sequence or a rare heavy chain frameWork 
residue can be substituted With a corresponding germline 
residue from aVH3-48, VH3-23, VH3-7, VH3-21 orVH3-11 
germline immunoglobulin sequence. 
[0034] In another embodiment, the invention features a 
humanized immunoglobulin that includes a light chain and a 
heavy chain, as described above, or an antigen-binding frag 
ment of said immunoglobulin. In an exemplary embodiment, 
the humaniZed immunoglobulin binds (e. g., speci?cally 
binds) to beta amyloid peptide (A6) with a binding af?nity of 
at least 107 M“, 108 M“, or 109 M“. In another embodi 
ment, the immuno globulin or antigen binding fragment 
includes a heavy chain having isotype Y1 . In another embodi 
ment, the immunoglobulin or antigen binding fragment binds 
(e.g., speci?cally binds) to both soluble beta amyloid peptide 
(AB) and aggregated AB. In another embodiment, the immu 
noglobulin or antigen binding fragment mediates phagocyto 
sis (e. g., induces phagocytosis) of beta amyloid peptide (AB). 
In yet another embodiment, the immunoglobulin or antigen 
binding fragment crosses the blood-brain barrier in a subject. 
In yet another embodiment, the immunoglobulin or antigen 
binding fragment reduces both beta amyloid peptide (AB) 
burden and neuritic dystrophy in a subject. 
[0035] In another embodiment, the invention features chi 
meric immunoglobulins that include 3D6 variable regions 
(e.g., the variable region sequences set forth as SEQ ID NO:2 
or SEQ ID NO:4). As used herein, an antibody or immuno 
globulin sequence comprising a VL and/or VH sequence as 
set forth in, for example, SEQ ID NO:2 or SEQ ID NO:4 can 
comprise either the full VL or VH sequence or can comprise 
the mature VL or VH sequence (i.e., mature peptide Without 
the signal or leader peptide). In yet another embodiment, the 
invention features an immuno globulin, or antigen-binding 
fragment thereof, including a variable heavy chain region as 
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set forth in SEQ ID NO8 and a variable light chain region as 
set forth in SEQ ID N015. In yet another embodiment, the 
invention features an immunoglobulin, or antigen-binding 
fragment thereof, including a variable heavy chain region as 
set forth in SEQ ID NO: 1 2 and a variable light chain region as 
set forth in SEQ ID NO:1 1. In another embodiment, the 
invention features chimeric immunoglobulins that include 
10D5 variable regions (e.g., the variable region sequences set 
forth as SEQ ID NOzl4 or SEQ ID NOzl6). In yet another 
embodiment, the immunoglobulin, or antigen-binding frag 
ment thereof, further includes constant regions from IgGl. 

[0036] The immunoglobulins described herein are particu 
larly suited for use in therapeutic methods aimed at prevent 
ing or treating amyloidogenic diseases. In one embodiment, 
the invention features a method of preventing or treating an 
amyloidogenic disease (e.g., AlZheimer’s disease) that 
involves administering to the patient an effective dosage of a 
humaniZed immunoglobulin as described herein. In another 
embodiment, the invention features pharmaceutical compo 
sitions that include a humaniZed immunoglobulin as 
described herein and a pharmaceutical carrier. Also featured 
are isolated nucleic acid molecules, vectors and host cells for 
producing the immunoglobulins or immunoglobulin frag 
ments or chains described herein, as Well as methods for 
producing said immunoglobulins, immunoglobulin frag 
ments or immunoglobulin chains 

[0037] The present invention further features a method for 
identifying 3D6 or 1OD5 residues amenable to substitution 
When producing a humanized 3D6 or 10D5 immunoglobulin, 
respectively. For example, a method for identifying variable 
frameWork region residues amenable to substitution involves 
modeling the three-dimensional structure of the 3D6 or 10D5 
variable region on a solved homologous immunoglobulin 
structure and analyZing said model for residues capable of 
affecting 3D6 or 10D5 immunoglobulin variable region con 
formation or function, such that residues amenable to substi 
tution are identi?ed. The invention further features use of the 
variable region sequence set forth as SEQ ID NO:2 or SEQ ID 
N014, or any portion thereof, in producing a three-dimen 
sional image of a 3D6 immunoglobulin, 3D6 immunoglobu 
lin chain, or domain thereof. Also featured is the use of the 
variable region sequence set forth as SEQ ID NO: 14 or SEQ 
ID NOzl6, or any portion thereof, in producing a three-di 
mensional image of a 10D5 immunoglobulin, l0D5 immu 
noglobulin chain, or domain thereof. 
[0038] The present invention further features immunoglo 
bulins having altered effector function, such as the ability to 
bind effector molecules, for example, complement or a recep 
tor on an effector cell. In particular, the immunoglobulin of 
the invention has an altered constant region, e.g., Fc region, 
Wherein at least one amino acid residue in the Fc region has 
been replaced With a different residue or side chain. In one 
embodiment, the modi?ed immunoglobulin is of the IgG 
class, comprises at least one amino acid residue replacement 
in the Fc region such that the immunoglobulin has an altered 
effector function, e.g., as compared With an unmodi?ed 
immunoglobulin. In particular embodiments, the immuno 
globulin of the invention has an altered effector function such 
that it is less immunogenic (e.g., does not provoke undesired 
effector cell activity, lysis, or complement binding), has 
improved amyloid clearance properties, and/or has a desir 
able half-life. 
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[0039] Prior to describing the invention, it may be helpful to 
an understanding thereof to set forth de?nitions of certain 
terms to be used hereinafter. 

[0040] The term “immunoglobulin” or “antibody” (used 
interchangeably herein) refers to an antigen-binding protein 
having a basic four-polypeptide chain structure consisting of 
tWo heavy and tWo light chains, said chains being stabiliZed, 
for example, by interchain disul?de bonds, Which has the 
ability to speci?cally bind antigen. Both heavy and light 
chains are folded into domains. The term “domain” refers to 
a globular region of a heavy or light chain polypeptide com 
prising peptide loops (e.g., comprising 3 to 4 peptide loops) 
stabiliZed, for example, by [3-pleated sheet and/or intrachain 
disul?de bond. Domains are further referred to herein as 
“constant” or “variable”, based on the relative lack of 
sequence variation Within the domains of various class mem 
bers in the case of a “constant” domain, or the signi?cant 
variation Within the domains of various class members in the 
case of a “variable” domain. “Constant” domains on the light 
chain are referred to interchangeably as “light chain constant 
regions”, “light chain constant domains”, “CL” regions or 
“CL” domains). “Constant” domains on the heavy chain are 
referred to interchangeably as “heavy chain constant 
regions”, “heavy chain constant domains”, “CH” regions or 
“CH” domains). “Variable” domains on the light chain are 
referred to interchangeably as “light chain variable regions”, 
“light chain variable domains”, “VL” regions or “VL” 
domains). “Variable” domains on the heavy chain are referred 
to interchangeably as “heavy chain constant regions”, “heavy 
chain constant domains”, “CH” regions or “CH” domains). 
[0041] The term “region” refers to a part or portion of an 
antibody chain and includes constant or variable domains as 
de?ned herein, as Well as more discrete parts or portions of 
said domains. For example, light chain variable domains or 
regions include “complementarity determining regions” or 
“CDRs” interspersed among “framework regions” or “FRs”, 
as de?ned herein. 

[0042] Immunoglobulins or antibodies can exist in mono 
meric or polymeric form. The term “antigen-binding frag 
ment” refers to a polypeptide fragment of an immunoglobulin 
or antibody binds antigen or competes With intact antibody 
(i.e., With the intact antibody from Which they Were derived) 
for antigen binding (i.e., speci?c binding). The term “confor 
mation” refers to the tertiary structure of a protein orpolypep 
tide (e.g., an antibody, antibody chain, domain or region 
thereof). For example, the phrase “light (or heavy) chain 
conformation” refers to the tertiary structure of a light (or 
heavy) chain variable region, and the phrase “antibody con 
formation” or “antibody fragment conformation” refers to the 
tertiary structure of an antibody or fragment thereof. 
[0043] “Speci?c binding” of an antibody mean that the 
antibody exhibits appreciable af?nity for antigen or a pre 
ferred epitope and, preferably, does not exhibit signi?cant 
crossreactivity. “Appreciable” or preferred binding include 
binding With an a?inity of at least 106, 107, 108, 109 M“, or 
1010 M“. Af?nities greater than 107 M“, preferably greater 
than 108 M“ are more preferred. Values intermediate of those 
set forth herein are also intended to be Within the scope of the 
present invention and a preferred binding a?inity can be 
indicated as a range of a?inities, for example, 106 to 1010 M“, 
preferably 107 to 1010 M“, more preferably 108 to 1010 M“. 
An antibody that “does not exhibit signi?cant crossreactiv 
ity” is one that Will not appreciably bind to an undesirable 
entity (e.g., an undesirable proteinaceous entity). For 
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example, an antibody that speci?cally binds to A6 Will appre 
ciably bind AB but Will not signi?cantly react With non-AB 
proteins or peptides (e.g., non-AB proteins or peptides 
included in plaques). An antibody speci?c for a preferred 
epitope Will, for example, not signi?cantly crossreact With 
remote epitopes on the same protein or peptide. Speci?c 
binding can be determined according to any art-recognized 
means for determining such binding. Preferably, speci?c 
binding is determined according to Scatchard analysis and/ or 
competitive binding assays. 
[0044] Binding fragments are produced by recombinant 
DNA techniques, or by enzymatic or chemical cleavage of 
intact immunoglobulins. Binding fragments include Fab, 
Fab‘, F(ab')2, Fabc, Fv, single chains, and single-chain anti 
bodies. Other than “bispeci?c” or “bifunctional” immunoglo 
bulins or antibodies, an immuno globulin or antibody is under 
stood to have each of its binding sites identical.A “bispeci?c” 
or “bifunctional antibody” is an arti?cial hybrid antibody 
having tWo different heavy/ light chain pairs and tWo different 
binding sites. Bispeci?c antibodies can be produced by a 
variety of methods including fusion of hybridomas or linking 
of Fab' fragments. See, e.g., Songsivilai & Lachmann, Clin. 
Exp. Immunol. 79:315-321 (1990); Kostelny et al., J. Immu 
nol. 148, 1547-1553 (1992). 
[0045] The term “humanized immunoglobulin” or 
“humanized antibody” refers to an immunoglobulin or anti 
body that includes at least one humanized immunoglobulin or 
antibody chain (i.e., at least one humanized light or heavy 
chain). The term “humanized immunoglobulin chain” or 
“humanized antibody chain” (i.e., a “humanized immunoglo 
bulin light chain” or “humanized immunoglobulin heavy 
chain”) refers to an immunoglobulin or antibody chain (i.e., a 
light or heavy chain, respectively) having a variable region 
that includes a variable framework region substantially from 
a human immunoglobulin or antibody and complementarity 
determining regions (CDRs) (e.g., at least one CDR, prefer 
ably tWo CDRs, more preferably three CDRs) substantially 
from a non-human immunoglobulin or antibody, and further 
includes constant regions (e.g., at least one constant region or 
portion thereof, in the case of a light chain, and preferably 
three constant regions in the case of a heavy chain). The term 
“humanized variable region” (e.g., “humanized light chain 
variable region” or “humanized heavy chain variable region”) 
refers to a variable region that includes a variable framework 
region substantially from a human immunoglobulin or anti 
body and complementarity determining regions (CDRs) sub 
stantially from a non-human immunoglobulin or antibody. 

[0046] The phrase “substantially from a human immuno 
globulin or antibody” or “substantially human” means that, 
When aligned to a human immuno globulin or antibody amino 
sequence for comparison purposes, the region shares at least 
80-90%, preferably 90-95%, more preferably 95-99% iden 
tity (i.e., local sequence identity) With the human frameWork 
or constant region sequence, alloWing, for example, for con 
servative substitutions, consensus sequence substitutions, 
germline substitutions, backmutations, and the like. The 
introduction of conservative substitutions, consensus 
sequence substitutions, germline substitutions, backmuta 
tions, and the like, is often referred to as “optimization” of a 
humanized antibody or chain. The phrase “substantially from 
a non-human immunoglobulin or antibody” or “substantially 
non-human” means having an immunoglobulin or antibody 
sequence at least 80-95%, preferably 90-95%, more prefer 
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ably, 96%, 97%, 98%, or 99% identical to that of a non 
human organism, e.g., a non-human mammal. 

[0047] Accordingly, all regions or residues of a humanized 
immunoglobulin or antibody, or of a humanized immunoglo 
bulin or antibody chain, except possibly the CDRs, are sub 
stantially identical to the corresponding regions or residues of 
one or more native human immunoglobulin sequences. The 
term “corresponding region” or “corresponding residue” 
refers to a region or residue on a second amino acid or nucle 

otide sequence Which occupies the same (i.e., equivalent) 
position as a region or residue on a ?rst amino acid or nucle 
otide sequence, When the ?rst and second sequences are opti 
mally aligned for comparison purposes. 
[0048] The terms “humanized immunoglobulin” or 
“humanized antibody” are not intended to encompass chi 
meric immunoglobulins or antibodies, as de?ned infra. 
Although humanized immunoglobulins or antibodies are chi 
meric in their construction (i.e., comprise regions from more 
than one species of protein), they include additional features 
(i.e., variable regions comprising donor CDR residues and 
acceptor frameWork residues) not found in chimeric immu 
noglobulins or antibodies, as de?ned herein. 
[0049] The term “signi?cant identity” means that tWo 
polypeptide sequences, When optimally aligned, such as by 
the programs GAP or BESTFIT using default gap Weights, 
share at least 50-60% sequence identity, preferably 60-70% 
sequence identity, more preferably 70-80% sequence iden 
tity, more preferably at least 80-90% identity, even more 
preferably at least 90-95% identity, and even more preferably 
at least 95% sequence identity or more (e.g., 99% sequence 
identity or more). The term “substantial identity” means that 
tWo polypeptide sequences, When optimally aligned, such as 
by the programs GAP or BESTFIT using default gap Weights, 
share at least 80-90% sequence identity, preferably 90-95% 
sequence identity, and more preferably at least 95% sequence 
identity or more (e.g., 99% sequence identity or more). For 
sequence comparison, typically one sequence acts as a refer 
ence sequence, to Which test sequences are compared. When 
using a sequence comparison algorithm, test and reference 
sequences are input into a computer, subsequence coordi 
nates are designated, if necessary, and sequence algorithm 
program parameters are designated. The sequence compari 
son algorithm then calculates the percent sequence identity 
for the test sequence(s) relative to the reference sequence, 
based on the designated program parameters. The terms 
“sequence identity” and “sequence identity” are used inter 
changeably herein. 
[0050] Optimal alignment of sequences for comparison can 
be conducted, e.g., by the local homology algorithm of Smith 
& Waterman, Adv. Appl. Math. 2:482 (1981), by the homol 
ogy alignment algorithm of Needleman & Wunsch, J. Mol. 
Biol. 48:443 (1970), by the search for similarity method of 
Pearson & Lipman, Proc. Nal.’l Acad. Sci. USA 85:2444 
(1988), by computerized implementations of these algo 
rithms (GAP, BESTFIT, FASTA, and TFASTA in the Wis 
consin Genetics SoftWare Package, Genetics Computer 
Group, 575 Science Dr., Madison, Wis.), or by visual inspec 
tion (see generally Ausubel et al., Current Protocols in 
Molecular Biology). One example of algorithm that is suit 
able for determining percent sequence identity and sequence 
similarity is the BLAST algorithm, Which is described in 
Altschul et al., J. Mol. Biol. 215:403 (1990). SoftWare for 
performing BLAST analyses is publicly available through the 
National Center for Biotechnology Information (publicly 
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accessible through the National Institutes of Health NCBI 
internet server). Typically, default program parameters can be 
used to perform the sequence comparison, although custom 
iZed parameters can also be used. For amino acid sequences, 
the BLASTP program uses as defaults a Wordlength (W) of 3, 
an expectation (E) of 10, and the BLOSUM62 scoring matrix 
(see Henikoff & Henikoff, Proc. Natl. Acad. Sci. USA 
89:10915 (1989)). 
[0051] Preferably, residue positions Which are not identical 
differ by conservative amino acid substitutions. For purposes 
of classifying amino acids substitutions as conservative or 
nonconservative, amino acids are grouped as folloWs: Group 
I (hydrophobic sidechains): leu, met, ala, val, leu, ile; Group 
II (neutral hydrophilic side chains): cys, ser, thr; Group III 
(acidic side chains): asp, glu; Group IV (basic side chains): 
asn, gln, his, lys, arg; Group V (residues in?uencing chain 
orientation): gly, pro; and Group VI (aromatic side chains): 
trp, tyr, phe. Conservative substitutions involve substitutions 
betWeen amino acids in the same class. Non-conservative 
substitutions constitute exchanging a member of one of these 
classes for a member of another. 

[0052] Preferably, humaniZed immunoglobulins or anti 
bodies bind antigen With an a?inity that is Within a factor of 
three, four, or ?ve of that of the corresponding non-human 
antibody. For example, if the nonhuman antibody has a bind 
ing af?nity of 109 M“, humaniZed antibodies Will have a 
binding a?inity ofat least 3><109 M_l, 4><109 M'1 or 109 M_l. 
When describing the binding properties of an immunoglobu 
lin or antibody chain, the chain can be described based on its 
ability to “direct antigen (e. g.,A[3) binding”. A chain is said to 
“direct antigen binding” When it confers upon an intact 
immunoglobulin or antibody (or antigen binding fragment 
thereof) a speci?c binding property or binding a?inity. A 
mutation (e.g., a backmutation) is said to substantially affect 
the ability of a heavy or light chain to direct antigen binding 
if it affects (e.g., decreases) the binding af?nity of an intact 
immunoglobulin or antibody (or antigen binding fragment 
thereof) comprising said chain by at least an order of magni 
tude compared to that of the antibody (or antigen binding 
fragment thereof) comprising an equivalent chain lacking 
said mutation. A mutation “does not substantially affect (e.g., 
decrease) the ability of a chain to direct antigen binding” if it 
affects (e.g., decreases) the binding a?inity of an intact immu 
noglobulin or antibody (or antigen binding fragment thereof) 
comprising said chain by only a factor of tWo, three, or four of 
that of the antibody (or antigen binding fragment thereof) 
comprising an equivalent chain lacking said mutation. 
[0053] The term “chimeric immunoglobulin” or antibody 
refers to an immunoglobulin or antibody Whose variable 
regions derive from a ?rst species and Whose constant regions 
derive from a second species. Chimeric immunoglobulins or 
antibodies can be constructed, for example by genetic engi 
neering, from immunoglobulin gene segments belonging to 
different species. 
[0054] An “antigen” is an entity (e.g., a protenaceous entity 
or peptide) to Which an antibody speci?cally binds. 
[0055] The term “epitope” or “antigenic determinant” 
refers to a site on an antigen to Which an immunoglobulin or 

antibody (or antigen binding fragment thereof) speci?cally 
binds. Epitopes can be formed both from contiguous amino 
acids or noncontiguous amino acids juxtaposed by tertiary 
folding of a protein. Epitopes formed from contiguous amino 
acids are typically retained on exposure to denaturing sol 
vents Whereas epitopes formed by tertiary folding are typi 
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cally lost on treatment With denaturing solvents. An epitope 
typically includes at least 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
or 15 amino acids in a unique spatial conformation. Methods 
of determining spatial conformation of epitopes include, for 
example, x-ray crystallography and 2-dimensional nuclear 
magnetic resonance. See, e.g., Epitope Mapping Protocols in 
Methods in Molecular Biology, Vol. 66, G. E. Morris, Ed. 
(1 996). 
[0056] Antibodies that recogniZe the same epitope can be 
identi?ed in a simple immunoassay shoWing the ability of one 
antibody to block the binding of another antibody to a target 
antigen, i.e., a competitive binding assay. Competitive bind 
ing is determined in an assay in Which the immunoglobulin 
under test inhibits speci?c binding of a reference antibody to 
a common antigen, such as A6. Numerous types of competi 
tive binding assays are knoWn, for example: solid phase direct 
or indirect radioimmunoassay (RIA), solid phase direct or 
indirect enzyme immunoassay (EIA), sandWich competition 
assay (see Stahli et al., Methods in Enzymology 9:242 
(1983)); solid phase direct biotin-avidin EIA (see Kirkland et 
al., J. Immunol. 137:3614 (1986)); solid phase direct labeled 
assay, solid phase direct labeled sandWich assay (see HarloW 
and Lane, Antibodies: A Laboratory Manual, Cold Spring 
Harbor Press (1988)); solid phase direct label RIA using 
I-125 label (see Morel et al., Mol. Immunol. 25(1):7 (1988)); 
solid phase direct biotin-avidin EIA (Cheung et al., I/irology 
176:546 (1990)); and direct labeled RIA. (Moldenhauer et al., 
Scand. J. Immunol. 32:77 (1990)). Typically, such an assay 
involves the use of puri?ed antigen bound to a solid surface or 
cells bearing either of these, an unlabeled test immunoglobu 
lin and a labeled reference immunoglobulin. Competitive 
inhibition is measured by determining the amount of label 
bound to the solid surface or cells in the presence of the test 
immunoglobulin. Usually the test immunoglobulin is present 
in excess. Usually, When a competing antibody is present in 
excess, it Will inhibit speci?c binding of a reference antibody 
to a common antigen by at least 50-55%, 55-60%, 60-65%, 
65-70% 70-75% or more. 

[0057] An epitope is also recogniZed by immunologic cells, 
for example, B cells and/or T cells. Cellular recognition of an 
epitope can be determined by in vitro assays that measure 
antigen-dependent proliferation, as determined by 3H-thymi 
dine incorporation, by cytokine secretion, by antibody secre 
tion, or by antigen-dependent killing (cytotoxic T lympho 
cyte assay). 
[0058] Exemplary epitopes or antigenic determinants can 
be found Within the human amyloid precursor protein (APP), 
but are preferably found Within the AB peptide of APP. Mul 
tiple isoforrns of APP exist, for example APP695 APP751 and 
APP77O. Amino acids Within APP are assigned numbers 
according to the sequence of the APP77o isoform (see e.g., 
GenBank Accession No. P05067, also set forth as SEQ ID 
NO:38). AB (also referred to herein as beta amyloid peptide 
and A-beta) peptide is a ~4-kDa internal fragment of 39-43 
amino acids ofAPP (A639, A640, A641, A642 and A643). 
A640, for example, consists of residues 672-711 of APP and 
A642 consists of residues 673-713 of APP. As a result of 
proteolytic processing of APP by different secretase enzymes 
iv vivo or in situ, AB is found in both a “short form”, 40 amino 
acids in length, and a “long form”, ranging from 42-43 amino 
acids in length. Preferred epitopes or antigenic determinants, 
as described herein, are located Within the N-terminus of the 
AB peptide and include residues Within amino acids 1-10 of 
AB, preferably from residues 1-3, 1-4, 1-5, 1-6, 1-7 or 3-7 of 
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A[342. Additional referred epitopes or antigenic determinants 
include residues 2-4, 5, 6, 7 or 8 ofA[3, residues 3-5, 6, 7, 8 or 
9 ofA[3, or residues 4-7, 8, 9 or 10 ofA[342. 
[0059] The term “amyloidogenic disease” includes any dis 
ease associated With (or caused by) the formation or deposi 
tion of insoluble amyloid ?brils. Exemplary amyloidogenic 
diseases include, but are not limited to systemic amyloidosis, 
Alzheimer’s disease, mature onset diabetes, Parkinson’s dis 
ease, Huntington’s disease, fronto-temporal dementia, and 
the prion-related transmissible spongiform encephalopathies 
(kuru and Creutzfeldt-Jacob disease in humans and scrapie 
and BSE in sheep and cattle, respectively). Different amy 
loidogenic diseases are de?ned or characterized by the nature 
of the polypeptide component of the ?brils deposited. For 
example, in subjects or patients having Alzheimer’s disease, 
[3-amyloid protein (e.g., Wild-type, variant, or truncated 
[3-amyloid protein) is the characterizing polypeptide compo 
nent of the amyloid deposit. Accordingly, Alzheimer’s dis 
ease is an example of a “disease characterized by deposits of 
A6” or a “disease associated With deposits ofA[3”, e.g., in the 
brain of a subject or patient. The terms “[3-amyloid protein”, 
“[3-amyloid peptide”, “[3-amyloid”, “AB” and “AB peptide” 
are used interchangeably herein. 
[0060] The term “effective dose” or “effective dosage” is 
de?ned as an amount suf?cient to achieve or at least partially 
achieve the desired effect. The term “therapeutically effective 
dose” is de?ned as an amount suf?cient to cure or at least 

partially arrest the disease and its complications in a patient 
already suffering from the disease. Amounts effective for this 
use Will depend upon the severity of the infection and the 
general state of the patient’s oWn immune system. 
[0061] The term “patient” includes human and other mam 
malian subjects that receive either prophylactic or therapeutic 
treatment. 

[0062] “Soluble” or “dissociated” AB refers to non-aggre 
gating or disaggregated AB polypeptide. “Insoluble” AB 
refers to aggregating AB polypeptide, for example, AB held 
together by noncovalent bonds. AB (e. g., A642) is believed to 
aggregate, at least in part, due to the presence of hydrophobic 
residues at the C-terminus of the peptide (part of the trans 
membrane domain of APP). One method to prepare soluble 
AB is to dissolve lyophilized peptide in neat DMSO With 
sonication. The resulting solution is centrifuged to remove 
any insoluble particulates. 
[0063] The term “effector function” refers to an activity 
that resides in the Fc region of an antibody (e. g., an IgG 
antibody) and includes, for example, the ability of the anti 
body to bind effector molecules such as complement and/or 
Fc receptors, Which can control several immune functions of 
the antibody such as effector cell activity, lysis, complement 
mediated activity, antibody clearance, and antibody half-life. 
[0064] The term “effector molecule” refers to a molecule 
that is capable of binding to the Fc region of an antibody (e. g., 
an IgG antibody) including, but not limited to, a complement 
protein or a Fc receptor. 
[0065] The term “effector cell” refers to a cell capable of 
binding to the Fc portion of an antibody (e.g., an IgG anti 
body) typically via an Fc receptor expressed on the surface of 
the effector cell including, but not limited to, lymphocytes, 
e.g., antigen presenting cells and T cells. 
[0066] The term “Fc region” refers to a C-terrninal region 
of an IgG antibody, in particular, the C-terminal region of the 
heavy chain(s) of said IgG antibody. Although the boundaries 
of the Fc region of an IgG heavy chain can vary slightly, a Fc 
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region is typically de?ned as spanning from about amino acid 
residue Cys226 to the carboxyl-terminus of an IGg heavy 
chain(s). 
[0067] The term “Kabat numbering” unless otherWise 
stated, is de?ned as the numbering of the residues in, e.g., an 
IgG heavy chain antibody using the EU index as in Kabat et 
al. (Sequences of Proteins of Immunological Interest, 5th Ed. 
Public Health Service, National Institutes of Health, 
Bethesda, Md. (1991)), expressly incorporated herein by ref 
erence. 

[0068] The term “Fc receptor” or “FcR” refers to a receptor 
that binds to the Fc region of an antibody. Typical Fc receptors 
Which bind to an Fc region of an antibody (e.g., an IgG 
antibody) include, but are not limited to, receptors of the 
FcyRI, FcyRII, and FcyRIII subclasses, including allelic vari 
ants and alternatively spliced forms of these receptors. Fc 
receptors are revieWed in Ravetch and Kinet, Annu. Rev. 
Immunol 9:457-92 (1991); Capel et al., Immunomethods 
4:25-34 (1994); and de Haas et al., J. Lab. Clin. Med. 126: 
330-41 (1995). 
[0069] I. Immunological and Therapeutic Reagents 
[0070] Immunological and therapeutic reagents of the 
invention comprise or consist of immunogens or antibodies, 
or functional or antigen binding fragments thereof, as de?ned 
herein. The basic antibody structural unit is knoWn to com 
prise a tetramer of subunits. Each tetramer is composed of tWo 
identical pairs of polypeptide chains, each pair having one 
“light” (about 25 kDa) and one “heavy” chain (about 50-70 
kDa). The amino-terminal portion of each chain includes a 
variable region of about 100 to 110 or more amino acids 
primarily responsible for antigen recognition. The carboxy 
terrninal portion of each chain de?nes a constant region pri 
marily responsible for effector function. 
[0071] Light chains are classi?ed as either kappa or lambda 
and are about 230 residues in length. Heavy chains are clas 
si?ed as gamma (y), mu ([1), alpha (0t), delta (6), or epsilon (e), 
are about 450-600 residues in length, and de?ne the anti 
body’s isotype as IgG, IgM, IgA, IgD and IgE, respectively. 
Both heavy and light chains are folded into domains. The term 
“domain” refers to a globular region of a protein, for example, 
an immunoglobulin or antibody. Immunoglobulin or anti 
body domains include, for example, 3 or four peptide loops 
stabilized by [3-pleated sheet and an interchain disul?de bond. 
Intact light chains have, for example, tWo domains (V L and 
CL) and intact heavy chains have, for example, four or ?ve 
domains (VH, CH1, CH2, and CH3). 
[0072] Within light and heavy chains, the variable and con 
stant regions are joined by a “I” region of about 12 or more 
amino acids, With the heavy chain also including a “D” region 
of about 10 more amino acids. (See generally, Fundamental 
Immunology (Paul, W., ed., 2nd ed. Raven Press, NY. (1989), 
Ch. 7, incorporated by reference in its entirety for all pur 
poses). 
[0073] The variable regions of each light/heavy chain pair 
form the antibody binding site. Thus, an intact antibody has 
tWo binding sites. Except in bifunctional or bispeci?c anti 
bodies, the tWo binding sites are the same. The chains all 
exhibit the same general structure of relatively conserved 
framework regions (FR) joined by three hypervariable 
regions, also called complementarity determining regions or 
CDRs. Naturally-occurring chains or recombinantly pro 
duced chains can be expressed With a leader sequence Which 
is removed during cellular processing to produce a mature 
chain. Mature chains can also be recombinantly produced 
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having a non-naturally occurring leader sequence, for 
example, to enhance secretion or alter the processing of a 
particular chain of interest. 
[0074] The CDRs of the tWo mature chains of each pair are 
aligned by the framework regions, enabling binding to a 
speci?c epitope. Prom N-terminal to C-terminal, both light 
and heavy chains comprise the domains PR1, CDR1, PR2, 
CDR2, PR3, CDR3 and PR4. “PR4” also is referred to in the 
art as the D/] region of the variable heavy chain and the J 
region of the variable light chain. The assignment of amino 
acids to each domain is in accordance With the de?nitions of 
Kabat, Sequences of Proteins of Immunological Interest (N a 
tional Institutes of Health, Bethesda, Md., 1987 and 1991). 
An alternative structural de?nition has been proposed by 
Chothia et al., J. Mol. Biol. 196:901 (1987); Nature 342:878 
(1989); and .1. Mol. Biol. 186:651 (1989) (hereinafter collec 
tively referred to as “Chothia et al.” and incorporated by 
reference in their entirety for all purposes). 
[0075] A. A6 Antibodies 
[0076] Therapeutic agents of the invention include antibod 
ies that speci?cally bind to A6 or other component of amyloid 
plaques. Such antibodies can be monoclonal or polyclonal. 
Some such antibodies bind speci?cally to the aggregated 
form of AB Without binding to the soluble form. Some bind 
speci?cally to the soluble form Without binding to the aggre 
gated form. Some bind to both aggregated and soluble forms. 
Some such antibodies bind to a naturally occurring short form 
of AB (i.e., A639, 40 or 41) Without binding to a naturally 
occurring long form of AB (i.e., A642 and A643). Some 
antibodies bind to a long form of AB Without binding to a 
short form. Some antibodies bind to A6 Without binding to 
full-length amyloid precursor protein. Antibodies used in 
therapeutic methods preferably have an intact constant region 
or at least su?icient of the constant region to interact With an 
Pc receptor. Human isotype lgG1 is preferred because of it 
having highest a?inity of human isotypes for the PcRl recep 
tor on phagocytic cells. Bispeci?c Fab fragments can also be 
used, in Which one arm of the antibody has speci?city forA[3, 
and the other for an Pc receptor. Preferred antibodies bind to 
A6 With a binding a?inity greater than (or equal to) about 106, 
107, 108, 109, or 101 O M- 1 (including a?inities intermediate of 
these values). 
[0077] Polyclonal sera typically contain mixed populations 
of antibodies binding to several epitopes along the length of 
AB. HoWever, polyclonal sera can be speci?c to a particular 
segment of AB, such as A[31-10. Monoclonal antibodies bind 
to a speci?c epitope WithinA[3 that can be a conformational or 
nonconformational epitope. Prophylactic and therapeutic 
e?icacy of antibodies can be tested using the transgenic ani 
mal model procedures described in the Examples. Preferred 
monoclonal antibodies bind to an epitope Within residues 
1-10 of A6 (with the ?rst N terminal residue of natural AB 
designated 1). Some preferred monoclonal antibodies bind to 
an epitope Within amino acids 1-5, and some to an epitope 
Within 5-10. Some preferred antibodies bind to epitopes 
Within amino acids 1-3, 1-4, 1-5, 1-6, 1-7 or 3-7. Some pre 
ferred antibodies bind to an epitope starting at resides 1-3 and 
ending at residues 7-11 of AB. Less preferred antibodies 
include those binding to epitopes With residues 10-15, 15-20, 
25-30, 10-20, 20, 30, or 10-25 ofA[3. It is recommended that 
such antibodies be screened for activity in the mouse models 
described in the Examples before use. For example, it has 
been found that certain antibodies to epitopes Within residues 
10-18, 16-24, 18-21 and 33-42 lack activity (e.g., lack the 
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ability to reduce plaque burden and/or resolve the neuritic 
pathology associated With AlZheimer’s disease). In some 
methods, multiple monoclonal antibodies having binding 
speci?cities to different epitopes are used. Such antibodies 
can be administered sequentially or simultaneously. Antibod 
ies to amyloid components other than AB can also be used 
(e.g., administered or co-administered). For example, anti 
bodies can be directed to the amyloid associated protein 
synuclein. 
[0078] When an antibody is said to bind to an epitope 
Within speci?ed residues, such as A[31-5 for example, What is 
meant is that the antibody speci?cally binds to a polypeptide 
containing the speci?ed residues (i.e., A[31-5 in this an 
example). Such an antibody does not necessarily contact 
every residue WithinA[31-5. Nor does every single amino acid 
substitution or deletion With in A[31-5 necessarily signi? 
cantly affect binding a?inity. Epitope speci?city of an anti 
body can be determined, for example, by forming a phage 
display library in Which different members display different 
subsequences of AB. The phage display library is then 
selected for members speci?cally binding to an antibody 
under test. A family of sequences is isolated. Typically, such 
a family contains a common core sequence, and varying 
lengths of ?anking sequences in different members. The 
shortest core sequence shoWing speci?c binding to the anti 
body de?nes the epitope bound by the antibody. Antibodies 
can also be tested for epitope speci?city in a competition 
assay With an antibody Whose epitope speci?city has already 
been determined. For example, antibodies that compete With 
the 3D6 antibody forbinding to A6 bind to the same or similar 
epitope as 3D6, i.e., Within residues A[31-5. Likewise anti 
bodies that compete With the 10D5 antibody bind to the same 
or similar epitope, i.e., Within residues A[33-7. Screening 
antibodies for epitope speci?city is a useful predictor of 
therapeutic ef?cacy. For example, an antibody determined to 
bind to an epitope Within residues 1-7 of AB is likely to be 
effective in preventing and treating AlZheimer’s disease 
according to the methodologies of the present invention. 
[0079] Monoclonal or polyclonal antibodies that speci? 
cally bind to a preferred segment of AB Without binding to 
other regions of AB have a number of advantages relative to 
monoclonal antibodies binding to other regions or polyclonal 
sera to intact AB. First, for equal mass dosages, dosages of 
antibodies that speci?cally bind to preferred segments con 
tain a higher molar dosage of antibodies effective in clearing 
amyloid plaques. Second, antibodies speci?cally binding to 
preferred segments can induce a clearing response against 
amyloid deposits Without inducing a clearing response 
against intact APP polypeptide, thereby reducing the poten 
tial side effects. 

[0080] 1. Production of Nonhuman Antibodies 
[0081] The present invention features non-human antibod 
ies, for example, antibodies having speci?city for the pre 
ferred AB epitopes of the invention. Such antibodies can be 
used in formulating various therapeutic compositions of the 
invention or, preferably, provide complementarity determin 
ing regions for the production of humaniZed or chimeric 
antibodies (described in detail beloW). The production of 
non-human monoclonal antibodies, e.g., murine, guinea pig, 
primate, rabbit or rat, can be accomplished by, for example, 
immuniZing the animal with A6. A longer polypeptide com 
prising A[3 or an immunogenic fragment of A6 or anti-idio 
typic antibodies to an antibody to A6 can also be used. See 
HarloW & Lane, supra, incorporated by reference for all pur 






















































































































