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ABSTRACT 

The invention provides compositions and methods for treat 
ment of amyloidogenic diseases. Such methods entail 
administering an agent that induces a bene?cial immune 
response against an amyloid deposit in the patient. The 
methods are particularly useful for prophylactic and thera 
peutic treatment of Alzheimer’s disease. In such methods, a 
suitable agent is AB peptide or an antibody thereto. 
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PREVENTION AND TREATMENT OF 
AMYLOIDOGENIC DISEASE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 10/933,559, ?led Sep. 2, 2004, Which is a 
continuation of US. application Ser. No. 09/724,102, ?led 
Nov. 28, 2000, now US. Pat. No. 6,787,139, Which is a 
divisional of Ser. No. 09/201,430 ?led, Nov. 30, 1998, now 
US. Pat. No. 6,787,523, Which claims the bene?t under 35 
.U.S.C. 119(e) of US. Application No. 60/080,970, ?led 
Apr. 7, 1998, all of Which are incorporated by reference in 
their entirety for all purposes. 

BACKGROUND OF THE INVENTION 

[0002] AlZheimer’s disease is a progressive disease 
resulting in senile dementia. See generally Selkoe, TINS 16, 
403-409 (1993); Hardy et al., WO 92/13069; Selkoe, J 
Neuropathol. Exp. Neurol. 53, 438-447 (1994); Duff et al., 
Nature 373, 476-477 (1995); Games et al., Nature 373, 523 
(1995). Broadly speaking the disease falls into tWo catego 
ries: 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 [3normalities tend to be more 
severe and Widespread in cases beginning at an earlier age. 
The disease is characterized by tWo types of lesions in the 
brain, senile plaques and neuro?brillary tangles. Senile 
plaques are areas of disorganiZed neuropil up to 150 um 
across With extracellular amyloid deposits at the center 
visible by microscopic analysis of sections of brain tissue. 
Neuro?brillary tangles are intracellular deposits of tau pro 
tein consisting of tWo ?laments tWisted about each other in 
pairs. 

[0003] The principal constituent of the plaques is a peptide 
termed A6 or [3-amyloid peptide. AB peptide is an internal 
fragment of 39-43 amino acids of a precursor protein termed 
amyloid precursor protein 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 lysinesgs-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 of AB (i.e., A[31-42 and A[31-43). 
Mutations in other genes, such as the presenilin genes, PS1 
and PS2, are thought indirectly to affect processing of APP 
to generate increased amounts of long form AB (see Hardy, 
TINS 20, 154 (1997)). These observations indicate that AB, 
and particularly its long form, is a causative element in 
AlZheimer’s disease. 

[0004] 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 
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human plasma is typically in the range of 50-200 pg/ml 
(Seubert et al., Nature 359, 325-327 (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, it seems implausible that any 
therapeutic bene?t Would result. 

[0005] By contrast, the present invention is directed inter 
alia to treatment of AlZheimer’s and other amyloidogenic 
diseases by administration of A6 or other immunogen to a 
patient under conditions that generate a bene?cial immune 
response in the patient. The invention thus ful?lls a long 
standing need for therapeutic regimes for preventing or 
ameliorating the neuropathology of AlZheimer’s disease. 

SUMMARY OF THE CLAIMED INVENTION 

[0006] In one aspect, the invention provides methods of 
preventing or treating a disease characterized by amyloid 
deposition in a patient. Such methods entail inducing an 
immune response against a peptide component of an amy 
loid deposit in the patient. Such induction can be active by 
administration of an immunogen or passive by administra 
tion of an antibody or an active fragment or derivative of the 
antibody. In some patients, the amyloid deposit is aggre 
gated AB peptide and the disease is AlZheimer’s disease. In 
some methods, the patient is asymptomatic. In some meth 
ods, the patient is under 50 years of age. In some methods, 
the patient has inherited risk factors indicating susceptibility 
to AlZheimer’s disease. Such risk factors include variant 
alleles in presenilin gene PS1 or PS2 and variant forms of 
APP. In other methods, the patient has no knoWn risk factors 
for AlZheimer’s disease. 

[0007] For treatment of patients suffering from AlZhe 
imer’s disease, one treatment regime entails administering a 
dose of AB peptide to the patient to induce the immune 
response. In some methods, the AB peptide is administered 
With an adjuvant that enhances the immune response to the 
AB peptide. In some methods, the adjuvant is alum. In some 
methods, the adjuvant is MPL. The dose of AB peptide 
administered to the patient is typically at least 1 or 10 ug, if 
administered With adjuvant, and at least 50 ug if adminis 
tered Without adjuvant. In some methods, the dose is at least 
100 ug. 

[0008] In some methods, the AB peptide is A[31-42. In 
some methods, the AB peptide is administered in aggregated 
form. 

[0009] In other methods, the AB peptide is administered in 
dissociated form. In some methods, the therapeutic agent is 
an effective dose of a nucleic acid encoding A6 or an active 
fragment or derivative thereof. The nucleic acid encoding 
A6 or fragment thereof is expressed in the patient to produce 
A6 or the active fragment thereof, Which induces the 
immune response. In some such methods, the nucleic acid is 
administered through the skin, optionally via a patch. In 
some methods, a therapeutic agent is identi?ed by screening 
a library of compounds to identify a compound reactive With 
antibodies to A6, and administering the compound to the 
patient to induce the immune response. 

[0010] In some methods, the immune response is directed 
to aggregated AB peptide Without being directed to disso 
ciated AB peptide. For example, the immune response can 
comprise antibodies that bind to aggregated AB peptide 
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Without binding to dissociated AB peptide. In some methods, 
the immune response comprises T-cells that bind to A6 
complexed With MCH1 or MHCII on CD8 or CD4 cells. In 
other methods, the immune response is induced by admin 
istering an antibody to A6 to the patient. In some methods, 
the immune response is induced by removing T-cells from 
the patient, contacting the T-cells with A6 peptide under 
conditions in Which the T-cells are primed, and replacing the 
T-cells in the patient. 

[0011] The therapeutic agent is typically administered 
orally, intranasally, intradermally, subcutaneously, intramus 
cularly, topically or intravenously. In some methods, the 
patient is monitored folloWed administration to assess the 
immune response. If the monitoring indicates a reduction of 
the immune response over time, the patient can be given one 
or more further doses of the agent. 

[0012] In another aspect, the invention provides pharma 
ceutical compositions comprising AB and an excipient suit 
able for oral and other routes of administration. The inven 
tion also provides pharmaceutical compositions comprising 
an agent effective to induce an immunogenic response 
against AB in a patient, and a pharmaceutically acceptable 
adjuvant. In some such compositions, the agent is A6 or an 
active fragment thereof. In some compositions, the adjuvant 
comprises alum. In some compositions, the adjuvant com 
prises an oil-in-Water emulsion. In some compositions, the 
A6 or active fragment is a component of a polylactide 
polyglycolide copolymer (PLPG) or other particle. The 
invention further provides compositions comprising A6 or 
an active fragment linked to a conjugate molecule that 
promotes delivery of A6 to the bloodstream of a patient 
and/or promotes an immune response against AB. For 
example, the conjugate can serve to promote an immune 
response against AB. In some compositions, the conjugate is 
cholera toxin. In some compositions, the conjugate is an 
immunoglobulin. In some compositions, the conjugate is 
attenuated diphtheria toxin CRM 197 (Gupta, Vaccine 15, 
1341-3 (1997). 

[0013] The invention also provides pharmaceutical com 
positions comprising an agent effect to induce an immuno 
genic response against AB in a patient With the proviso that 
the composition is free of Complete Freund’s adjuvant. The 
invention also provides compositions comprising a viral 
vector encoding A6 or a an active fragment thereof effective 
to induce an immune response against AB. Suitable viral 
vectors include herpes, adenovirus, adenoassociated virus, a 
retrovirus, sindbis, semiliki forest virus, vaccinia or avian 
pox. 

[0014] The invention further provides methods of prevent 
ing or treating AlZheimer’s disease. In such methods, an 
effective dose of AB peptide is administered to a patient. The 
invention further provides for the use of A6, or an antibody 
thereto, in the manufacture of a medicament for prevention 
or treatment of AlZheimer’s disease. 

[0015] In another aspect, the invention provides methods 
of assessing ef?cacy of an AlZheimer’s treatment method in 
a patient. In these methods, a baseline amount of antibody 
speci?c for A6 peptide is determined in a tissue sample from 
the patient before treatment With an agent. An amount of 
antibody speci?c for A6 peptide in the tissue sample from 
the patient after treatment With the agent is compared to the 
baseline amount of AB peptide-speci?c antibody. An amount 
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of AB peptide-speci?c antibody measured after the treatment 
that is signi?cantly greater than the baseline amount of AB 
peptide-speci?c antibody indicates a positive treatment out 
come. 

[0016] In others methods of assessing ef?cacy of an 
AlZheimer’s treatment method in a patient, a baseline 
amount of antibody speci?c for A6 peptide in a tissue 
sample from a patient before treatment With an agent is 
determined. An amount of antibody speci?c for A6 peptide 
in the tissue sample from the subject after treatment With the 
agent is compared to the baseline amount of AB peptide 
speci?c antibody. A reduction or lack of signi?cant differ 
ence betWeen the amount of AB peptide-speci?c antibody 
measured after the treatment compared to the baseline 
amount of AB peptide-speci?c antibody indicates a negative 
treatment outcome. 

[0017] In other methods of assessing ef?cacy of an AlZhe 
imer’s disease treatment method in a patient a control 
amount of antibody speci?c for A6 peptide is determined in 
tissue samples from a control population. An amount of 
antibody speci?c for A6 peptide in a tissue sample from the 
patient after administering an agent is compared to the 
control amount of AB peptide-speci?c antibody. An amount 
of AB peptide-speci?c antibody measured after the treatment 
that is signi?cantly greater than the control amount of AB 
peptide-speci?c antibody indicates a positive treatment out 
come. 

[0018] In other methods of assessing ef?cacy of an AlZhe 
imer’s treatment method in a patient, a control amount of 
antibody speci?c for A6 peptide in tissues samples from a 
control population is determined. An amount of antibody 
speci?c for A6 peptide in a tissue sample from the patient 
after administering an agent is compared to the control 
amount of AB peptide-speci?c antibody. Alack of signi?cant 
difference betWeen the amount of AB peptide-speci?c anti 
body measured after beginning said treatment compared to 
the control amount of AB peptide-speci?c antibody indicates 
a negative treatment outcome. 

[0019] Other methods of monitoring AlZheimer’s disease 
or susceptibility thereto in a patient, comprise detecting an 
immune response against AB peptide in a sample from the 
patient. In some such methods, the patient is being admin 
istered an agent effective to treat or prevent AlZheimer’s 
disease, and the level of the response determines the future 
treatment regime of the patient. 

[0020] In other methods of assessing ef?cacy of an AlZhe 
imer’s treatment method in a patient a value for an amount 
of antibody speci?c for A6 peptide in tissue sample from a 
patient Who has been treated With an agent is determined. 
The value is compared With a control value determined from 
a population of patient experiencing amelioriation of, or 
freedom from, symptoms of AlZheimer’s disease due to 
treatment With the agent. Avalue in the patient at least equal 
to the control value indicates a positive response to treat 
ment. 

[0021] The invention further provides diagnostic kits for 
performing the above methods. Such kits typically inlude a 
reagent that speci?cally binds to antibodies to A6 or Which 
stimulates proliferation of T-cells reactive with A6. 
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BRIEF DESCRIPTION OF THE FIGURES 

[0022] FIG. 1: Antibody titer after injection of transgenic 
mice with A6 1-42. 

[0023] FIG. 2: Amyloid burden in the hippocampus. The 
percentage of the area of the hippocampal region occupied 
by amyloid plaques, de?ned by reactivity With the A[3-spe 
ci?c mA[3 3D6, Was determined by computer-assisted quan 
titative image analysis of immunoreacted brain sections. The 
values for individual mice are shoWn sorted by treatment 
group. The horiZontal line for each grouping indicates the 
median value of the distribution. 

[0024] FIG. 3: Neuritic dystrophy in the hippocampus. 
The percentage of the area of the hippocampal region 
occupied by dystrophic neurites, de?ned by their reactivity 
With the human APP-speci?c mA[3 8E5, Was determined by 
quantitative computer-assisted image analysis of immunore 
acted brain sections. The values for individual mice are 
shoWn for the AN 1792-treated group and the PBS-treated 
control group. The horiZontal line for each grouping indi 
cates the median value of the distribution. 

[0025] FIG. 4: Astrocytosis in the retrosplenial cortex. 
The percentage of the area of the cortical region occupied by 
glial ?brillary acidic protein (GFAP)-positive astrocytes Was 
determined by quantitative computer-assisted image analy 
sis of immunoreacted brain sections. The values for indi 
vidual mice are shoWn sorted by treatment group and 
median group values are indicated by horiZontal lines. 

[0026] FIG. 5: Geometric mean antibody titers to A[31-42 
folloWing immunization With a range of eight doses of 
AN1792 containing 0.14, 0.4, 1.2, 3.7, 11, 33, 100, or 300 
ug 

[0027] FIG. 6: Kinetics of antibody response to AN 1792 
immuniZation. Titers are expressed as geometric means of 
values for the 6 animals in each group. 

[0028] FIG. 7: Quantitative image analysis of the cortical 
amyloid burden in PBS- and AN 1792-treated mice. 

[0029] FIG. 8: Quantitative image analysis of the neuritic 
plaque burden in PBS- and AN 1792-treated mice. 

[0030] FIG. 9: Quantitative image analysis of the percent 
of the retrosplenial cortex occupied by astrocytosis in PBS 
and AN 1792-treated mice. 

[0031] FIG. 10: Lymphocyte Proliferation Assay on 
spleen cells from AN1792-treated (FIG. 10A) or PBS 
treated (FIG. 10B). 

[0032] FIG. 11: Total AB levels in the cortex. Ascatterplot 
of individual AB pro?les in mice immuniZed with A6 or APP 
derivatives combined With Freund’s adjuvant. 

[0033] FIG. 12: Amyloid burden in the cortex Was deter 
mined by quantitative image analysis of immunoreacted 
brain sections for mice immuniZed With the AB peptide 
conjugates A[31-12, and A[313-28; the full length AB aggre 
gates AN1792 (A[31-42) and AN1528 (A[31-40) and the 
PBS-treated control group. 

[0034] FIG. 13: Geometric mean titers of A[3-speci?c 
antibody for groups of mice immuniZed with A6 or APP 
derivatives combined With Freund’s adjuvant. 
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[0035] FIG. 14: Geometric mean titers of A[3-speci?c 
antibody for groups of guinea pigs immuniZed With 
AN 1792, or a palmitoylated derivative thereof, combined 
With various adjuvants. 

[0036] FIGS. 15A-E: AB levels in the cortex of 12-month 
old PDAPP mice treated With AN 1792 or AN 1528 in com 
bination With different adjuvants. The A6 level for indi 
vidual mice in each treatment group, and the median, mean, 
and p values for each treatment group are shoWn. 

[0037] FIG. 15A: The values for mice in the PBS-treated 
control group and the untreated control group. 

[0038] FIG. 15B: The values for mice in the AN 1528/ 
alum and AN 1528/MPL-treatment groups. 

[0039] FIG. 15C: The values for mice in the AN 1528/ 
QS21 and AN 1792/Freund’s adjuvant treatment groups. 

[0040] FIG. 15D: The values for mice in the AN 1792/ 
Thimerosol and AN 1792/alum treatment groups. 

[0041] FIG. 15E: The values for mice in the AN 1792/ 
MPL and AN 1792/QS21 treatment groups. 

DETAILED DESCRIPTION 

I. General 

[0042] The invention provides pharmaceutical composi 
tions and methods for prophylactic and therapeutic treatment 
of diseases characteriZed by accumulation of amyloid depos 
its. Amyloid deposits comprise a peptide aggregated to an 
insoluble mass. The nature of the peptide varies in different 
diseases but in most cases, the aggregate has a [3-pleated 
sheet structure and stains With Congo Red dye. Diseases 
characteriZed by amyloid deposits include AlZheimer’s dis 
ease (AD), both late and early onset. In both diseases, the 
amyloid deposit comprises a peptide termed AB, Which 
accumulates in the brain of affected individuals. Examples 
of some other diseases characteriZed by amyloid deposits are 
SAA amyloidosis, hereditary Icelandic syndrome, multiple 
myeloma, and spongiform encephalopathies, including mad 
coW disease, CreutZfeldt Jakob disease, sheep scrapie, and 
mink spongiform encephalopathy (see Weissmann et al., 
Curr. Opin. Neurobiol. 7, 695-700 (1997); Smits et al., 
Veterinary Quarterly 19, 101-105 (1997); Nathanson et al., 
Am. J. Epidemiol. 145, 959-969 (1997)). The peptides 
forming the aggregates in these diseases are serum amyloid 
A, cystantin C, IgG kappa light chain respectively for the 
?rst three, and prion protein for the others. 

II. De?nitions 

[0043] The term “substantial identity” means that tWo 
peptide sequences, When optimally aligned, such as by the 
programs GAP or BESTFIT using default gap Weights, share 
at least 65 percent sequence identity, preferably at least 80 
or 90 percent sequence identity, more preferably at least 95 
percent sequence identity or more (e. g., 99 percent sequence 
identity or higher). Preferably, residue positions Which are 
not identical differ by conservative amino acid substitutions. 

[0044] For sequence comparison, typically one sequence 
acts as a reference sequence, to Which test sequences are 

compared. When using a sequence comparison algorithm, 
test and reference sequences are input into a computer, 
subsequence coordinates are designated, if necessary, and 
sequence algorithm program parameters are designated. The 
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sequence comparison algorithm then calculates the percent 
sequence identity for the test sequence(s) relative to the 
reference sequence, based on the designated program 
parameters. 

[0045] Optimal alignment of sequences for comparison 
can be conducted, e.g., by the local homology algorithm of 
Smith & Waterman, Adv. Appl. Math. 2:482 (1981), by the 
homology alignment algorithm of Needleman & Wunsch,J. 
Mol. Biol. 48:443 (1970), by the search for similarity 
method of Pearson & Lipman, Proc. Nat’l. Acad. Sci. USA 
85 :2444 (1988), by computeriZed implementations of these 
algorithms (GAP, BESTFIT, FASTA, and TFASTA in the 
Wisconsin Genetics Software Package, Genetics Computer 
Group, 575 Science Dr., Madison, Wis.), or by visual 
inspection (see generally Ausubel et al., supra). One 
example of algorithm that is suitable for determining percent 
sequence identify and sequence similarity is the BLAST 
algorithm, Which is described in Altschul et al., J. Mol. Biol. 
215:403-410 (1990). SoftWare for performing BLAST 
analyses is publicly available through the National Center or 
Biotechnology Information (http://WWW.ncbi.nlm.nih.gov/). 
Typically, default program parameters can be used to per 
form the sequence comparison, although customiZed param 
eters can also be used. For amino acid sequences, the 
BLASTP program uses as defaults a Wordlength of 3, an 
expectation of 10, and the BLOSUM62 scoring matrix 
(see Henikoff & Henikoff, Proc. Natl. Acad. Sci. USA 89, 
10915 (1989)). 

[0046] For purposes of classifying amino acids substitu 
tions as conservative or nonconservative, amino acids are 
grouped as folloWs: Group I (hydrophobic sidechains): 
norleucine, met, ala, val, leu, ile; Group II (neutral hydro 
philic 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 substitu 
tions constitute exchanging a member of one of these classes 
for a member of another. 

[0047] Therapeutic agents of the invention are typically 
substantially pure. This means that an agent is typically at 
least about 50% W/W (Weight/Weight) purity, as Well as being 
substantially free from interfering proteins and contami 
nants. Sometimes the agents are at least about 80% W/W and, 
more preferably at least 90 or about 95% W/W purity. 
HoWever, using conventional protein puri?cation tech 
niques, homogeneous peptides of at least 99% W/W can be 
obtained. 

[0048] Speci?c binding betWeen tWo entities means an 
af?nity of at least 106, 107, 108’ 109 M_1, or 1010 M_1. 
Af?nities greater than 108 M“1 are preferred. 

[0049] The term “antibody” is used to include intact 
antibodies and binding fragments thereof. Typically, frag 
ments compete With the intact antibody from Which they 
Were derived for speci?c binding to an antigen. Optionally, 
antibodies or binding fragments thereof, can be chemically 
conjugated to, or expressed as, fusion proteins With other 
proteins. 
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[0050] APP695, APP751, and APP770 refer, respectively, to 
the 695, 751, and 770 amino acid residue long polypeptides 
encoded by the human APP gene. See Kang et al., Nature 
325, 773 (1987); Ponte et al., Nature 331, 525 (1988); and 
Kitaguchi et al., Nature 331, 530 (1988). Amino acids Within 
the human amyloid precursor protein (APP) are assigned 
numbers according to the sequence of the APP770 isoform. 
Terms such as A639, A640, A641, A642 and A643 refer to 
an AB peptide containing amino acid residues 1-39, 1-40, 
1-41, 1-42 and 1-43. 

[0051] The term “epitope” or “antigenic determinant” 
refers to a site on an antigen to Which B and/or T cells 
respond. B-cell epitopes can be formed both from contigu 
ous 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 solvents Whereas epitopes formed by tertiary 
folding are typically lost on treatment With denaturing 
solvents. An epitope typically includes at least 3, and more 
usually, at least 5 or 8-10 amino acids in a unique spatial 
conformation. Methods of determining spatial 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 Biol 
ogy, Vol. 66, Glenn E. Morris, Ed. (1996). 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. T-cells 
recogniZe continuous epitopes of about nine amino acids for 
CD8 cells or about 13-15 amino acids for CD4 cells. T cells 
that recogniZe the epitope can be identi?ed by in vitro assays 
that measure antigen-dependent proliferation, as determined 
by 3H-thymidine incorporation by primed T cells in response 
to an epitope (Burke et al.,]. Inf Dis. 170, 1110-19 (1994)), 
by antigen-dependent killing (cytotoxic T lymphocyte assay, 
Tigges et al., J. Immunol. 156, 3901-3910) or by cytokine 
secretion. 

[0052] The term “immunological” or “immune” response 
is the development of a bene?cial humoral (antibody medi 
ated) and/or a cellular (mediated by antigen-speci?c T cells 
or their secretion products) response directed against an 
amyloid peptide in a recipient patient. Such a response can 
be an active response induced by administration of immu 
nogen or a passive response induced by administration of 
antibody or primed T-cells. A cellular immune response is 
elicited by the presentation of polypeptide epitopes in asso 
ciation With Class I or Class II MHC molecules to activate 
antigen-speci?c CD4+ T helper cells and/or CD8+ cytotoxic 
T cells. The response may also involve activation of mono 
cytes, macrophages, NK cells, basophils, dendritic cells, 
astrocytes, microglia cells, eosinophils or other components 
of innate immunity. The presence of a cell-mediated immu 
nological response can be determined by proliferation assays 
(CD4+ T cells) or CTL (cytotoxic T lymphocyte) assays (see 
Burke, supra; Tigges, supra). The relative contributions of 
humoral and cellular responses to the protective or thera 
peutic effect of an immunogen can be distinguished by 
separately isolating IgG T-cells from an immuniZed synge 
neic animal and measuring protective or therapeutic effect in 
a second subject. 
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[0053] An “immunogenic agent” or “immunogen” is 
capable of inducing an immunological response against 
itself on administration to a patient, optionally in conjunc 
tion With an adjuvant. 

[0054] The term “naked polynucleotide” refers to a poly 
nucleotide not complexed With colloidal materials. Naked 
polynucleotides are sometimes cloned in a plasmid vector. 

[0055] The term “adjuvant” refers to a compound that 
When administered in conjunction With an antigen augments 
the immune response to the antigen, but When administered 
alone does not generate an immune response to the antigen. 
Adjuvants can augment an immune response by several 
mechanisms including lymphocyte recruitment, stimulation 
of B and/or T cells, and stimulation of macrophages. 

[0056] The term “patient” includes human and other mam 
malian subjects that receive either prophylactic or therapeu 
tic treatment. 

[0057] Disaggregated or monomeric A6 means soluble, 
monomeric peptide units of A6. One method to prepare 
monomeric A6 is to dissolve lyophiliZed peptide in neat 
DMSO With sonication. The resulting solution is centrifuged 
to remove any nonsoluble particulates. Aggregated A6 is a 
mixture of oligomers in Which the monomeric units are held 
together by noncovalent bonds. 

[0058] Compositions or methods “comprising” one or 
more recited elements may include other elements not 
speci?cally recited. For example, a composition that com 
prises A6 peptide encompasses both an isolated A6 peptide 
and A6 peptide as a component of a larger polypeptide 
sequence. 

III. Therapeutic Agents 

[0059] 1. AlZheimer’s Disease 

[0060] Therapeutic agents for use in the present invention 
induce an immune response against A6 peptide. These 
agents include A6 peptide itself and variants thereof, analogs 
and mimetics of A6 peptide that induce and/or crossreact 
With antibodies to A6 peptide, and antibodies or T-cells 
reactive With A6 peptide. Induction of an immune response 
can be active as When an immunogen is administered to 
induce antibodies or T-cells reactive With A6 in a patient, or 
passive, as When an antibody is administered that itself binds 
to A6 in patient. 

[0061] A6, also knoWn as 6-amyloid peptide, or A4 pep 
tide (see US. Pat. No. 4,666,829; Glenner & Wong, Bio 
chem. Biophys. Res. Commun. 120, 1131 (1984)), is a 
peptide of 39-43 amino acids, Which is the principal com 
ponent of characteristic plaques of AlZheimer’s disease. A6 
is generated by processing of a larger protein APP by tWo 
enZymes, termed 6 and y secretases (see Hardy, TINS 20, 
154 (1997)). KnoWn mutations in APP associated With 
AlZheimer’s disease occur proximate to the site of 6 or y 
secretase, or Within A6. For example, position 717 is proxi 
mate to the site of y-secretase cleavage of APP in its 
processing to A6, and positions 670/671 are proximate to the 
site of 6-secretase cleavage. It is believed that the mutations 
cause AD disease by interacting With the cleavage reactions 
by Which A6 is formed so as to increase the amount of the 
42/43 amino acid form of A6 generated. 
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[0062] A6 has the unusual property that it can ?x and 
activate both classical and alternate complement cascades. 
In particular, it binds to Clq and ultimately to C3bi. This 
association facilitates binding to macrophages leading to 
activation of B cells. In addition, C3bi breaks doWn further 
and then binds to CR2 on B cells in a T cell dependent 
manner leading to a 10,000 increase in activation of these 
cells. This mechanism causes A6 to generate an immune 
response in excess of that of other antigens. 

[0063] The therapeutic agent used in the claimed methods 
can be any of the naturally occurring forms of A6 peptide, 
and particularly the human forms (i.e., A639, A640, A641, 
A6 or A643). The sequences of these peptides and their 
relationship to the APP precursor are illustrated by FIG. 1 of 
Hardy et al., TINS 20, 155-158 (1997). For example, A6 has 
the sequence: 

Val-His-His-Gln-Lys—Leu-Val-Phe-Phe-Ala-Glu-Asp 

Val-Gly-Ser-Asn-Lys-Gly-Ala-Ile-Ile-Gly-Leu-Met 

Val-Gly-Gly-Val-Val-Ile-Ala-OH. 

[0064] A641, A640 and A639 differ from A642 by the 
omission of Ala, Ala-Ile, and Ala-Ile-Val respectively from 
the C-terminal end. A643 differs from A642 by the presence 
of a threonine residue at the C-terminus. The therapeutic 
agent can also be an active fragment or analog of a natural 
A6 peptide that contains an epitope that induces a similar 
protective or therapeutic immune response on administra 
tion to a human. Immunogenic fragments typically have a 
sequence of at least 3, 5, 6, 10 or 20 contiguous amino acids 
from a natural peptide. Immunogenic fragments include 
A61-5,1-6, 1-12, 13-28, 17-28, 25-25, 35-40 and 35-42. 
Fragments from the N-terminal half of A6 are preferred in 
some methods. Analogs include allelic, species and induced 
variants. Analogs typically differ from naturally occurring 
peptides at one or a feW positions, often by virtue of 
conservative substitutions. Analogs typically exhibit at least 
80 or 90% sequence identity With natural peptides. Some 
analogs also include unnatural amino acids or modi?cations 
of N or C terminal amino acids. Examples of unnatural 
amino acids are ot,ot-disubstituted amino acids, N-alkyl 
amino acids, lactic acid, 4-hydroxyproline, y-carboxy 
glutamate, e-N,N,N-trimethyllysine, e-N-acetyllysine, 
O-phosphoserine, N-acetylserine, N-formylmethionine, 
3-methylhistidine, 5-hydroxylysine, uu-N-methylarginine. 
Fragments and analogs can be screened for prophylactic or 
therapeutic efficacy in transgenic animal models as 
described beloW. 

[0065] A6, its fragments, analogs and other amy 
loidogenic peptides can be synthesiZed by solid phase pep 
tide synthesis or recombinant expression, or can be obtained 
from natural sources. Automatic peptide synthesiZers are 
commercially available from numerous suppliers, such as 
Applied Biosystems, Foster City, Calif. Recombinant 
expression can be in bacteria, such as E. coli, yeast, insect 
cells or mammalian cells. Procedures for recombinant 
expression are described by Sambrook et al., Molecular 
Cloning: A Laboratory Manual (C.S.H.P. Press, NY 2d ed., 
1989). Some forms of A6 peptide are also available com 
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mercially (e.g., American Peptides Company, Inc., Sunny 
vale, Calif. and California Peptide Research, Inc. Napa, 
Calif.). 
[0066] Therapeutic agents also include longer polypep 
tides that include, for example, an AB peptide, active frag 
ment or analog together With other amino acids. For 
example, AB peptide can be present as intact APP protein or 
a segment thereof, such as the C-100 fragment that begins at 
the N-terminus of AB and continues to the end of APP. Such 
polypeptides can be screened for prophylactic or therapeutic 
ef?cacy in animal models as described beloW. The A6 
peptide, analog, active fragment or other polypeptide can be 
administered in associated form (i.e., as an amyloid peptide) 
or in dissociated form. Therapeutic agents also include 
multimers of monomeric immunogenic agents. 

[0067] In a further variation, an immunogenic peptide, 
such as A6, can be presented as a viral or bacterial vaccine. 
A nucleic acid encoding the immunogenic peptide is incor 
porated into a genome or episome of the virus or bacteria. 
Optionally, the nucleic acid is incorporated in such a manner 
that the immunogenic peptide is expressed as a secreted 
protein or as a fusion protein With an outersurface protein of 
a virus or a transmembrane protein of a bacteria so that the 
peptide is displayed. Viruses or bacteria used in such meth 
ods should be nonpathogenic or attenuated. Suitable viruses 
include adenovirus, HSV, vaccinia and foWl pox. Fusion of 
an immunogenic peptide to HBsAg of HBV is particularly 
suitable. Therapeutic agents also include peptides and other 
compounds that do not necessarily have a signi?cant amino 
acid sequence similarity with A6 but nevertheless serve as 
mimetics of A[3and induce a similar immune response. For 
example, any peptides and proteins forming [3-pleated sheets 
can be screened for suitability. Anti-idiotypic antibodies 
against monoclonal antibodies to A6 or other amyloidogenic 
peptides can also be used. Such anti-Id antibodies mimic the 
antigen and generate an immune response to it (see Essential 
Immunology (Roit ed., Blackwell Scienti?c Publications, 
Palo Alto, 6th ed.), p. 181). 

[0068] Random libraries of peptides or other compounds 
can also be screened for suitability. Combinatorial libraries 
can be produced for many types of compounds that can be 
synthesiZed in a step-by-step fashion. Such compounds 
include polypeptides, beta-turn mimetics, polysaccharides, 
phospholipids, hormones, prostaglandins, steroids, aromatic 
compounds, heterocyclic compounds, benZodiaZepines, oli 
gomeric N-substituted glycines and oligocarbamates. Large 
combinatorial libraries of the compounds can be constructed 
by the encoded synthetic libraries (ESL) method described 
in Affymax, WO 95/12608, Affymax, WO 93/06121, 
Columbia University, WO 94/08051, Pharmacopeia, WO 
95/35503 and Scripps, WO 95/30642 (each of Which is 
incorporated by reference for all purposes). Peptide libraries 
can also be generated by phage display methods. See, e.g., 
Devlin, WO 91/18980. 

[0069] Combinatorial libraries and other compounds are 
initially screened for suitability by determining their capac 
ity to bind to antibodies or lymphocytes (B or T) knoWn to 
be speci?c for A6 or other amyloidogenic peptides. For 
example, initial screens can be performed With any poly 
clonal sera or monoclonal antibody to A6 or other amy 
loidogenic peptide. Compounds identi?ed by such screens 
are then further analyZed for capacity to induce antibodies or 
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reactive lymphocytes to A6 or other amyloidogenic peptide. 
For example, multiple dilutions of sera can be tested on 
microtiter plates that have been precoated with A6 peptide 
and a standard ELISA can be performed to test for reactive 
antibodies to A6. Compounds can then be tested for pro 
phylactic and therapeutic ef?cacy in transgenic animals 
predisposed to an amyloidogenic disease, as described in the 
Examples. Such animals include, for example, mice bearing 
a 717 mutation of APP described by Games et al., supra, and 
mice bearing a SWedish mutation of APP such as described 
by McConlogue et al., US. Pat. No. 5,612,486 and Hsiao et 
al., Science 274, 99 (1996); Staufenbiel et al., Proc. Natl. 
Acad. Sci. USA 94, 13287-13292 (1997); Sturchler-Pierrat et 
al., Proc. Natl. Acad. Sci. USA 94, 13287-13292 (1997); 
Borchelt et al., Neuron 19, 939-945 (1997)). The same 
screening approach can be used on other potential agents 
such as fragments of AB, analogs of AB and longer peptides 
including AB, described above. 

[0070] Therapeutic agents of the invention also include 
antibodies that speci?cally bind to A6. Such antibodies can 
be monoclonal or polyclonal. Some such antibodies bind 
speci?cally to the aggregated form of AB Without binding to 
the dissociated form. Some bind speci?cally to the dissoci 
ated form Without binding to the aggregated form. Some 
bind to both aggregated and dissociated forms. The produc 
tion of non-human monoclonal antibodies, e.g., murine or 
rat, can be accomplished by, for example, immuniZing the 
animal With A[3. See HarloW & Lane, Antibodies, A Labo 
ratory Manual (CSHP NY, 1988) (incorporated by reference 
for all purposes). Such an immunogen can be obtained from 
a natural source, by peptides synthesis or by recombinant 
expression. 

[0071] HumaniZed forms of mouse antibodies can be 
generated by linking the CDR regions of non-human anti 
bodies to human constant regions by recombinant DNA 
techniques. See Queen et al., Proc. Natl. Acad. Sci. USA 86, 
10029-10033 (1989) and WO 90/07861 (incorporated by 
reference for all purposes). 

[0072] Human antibodies can be obtained using phage 
display methods. See, e.g., DoWer et al., WO 91/17271; 
McCafferty et al., WO 92/01047. In these methods, libraries 
of phage are produced in Which members display different 
antibodies on their outersurfaces. Antibodies are usually 
displayed as Fv or Fab fragments. Phage displaying anti 
bodies With a desired speci?city are selected by affinity 
enrichment to A6, or fragments thereof. Human antibodies 
against AB can also be produced from non-human transgenic 
mammals having transgenes encoding at least a segment of 
the human immunoglobulin locus and an inactivated endog 
enous immunoglobulin locus. See, e.g., Lonberg et al., 
WO93/12227 (1993); Kucherlapati, WO 91/10741 (1991) 
(each of Which is incorporated by reference in its entirety for 
all purposes). Human antibodies can be selected by com 
petitive binding experiments, or otherWise, to have the same 
epitope speci?city as a particular mouse antibody. Such 
antibodies are particularly likely to share the useful func 
tional properties of the mouse antibodies. Human polyclonal 
antibodies can also be provided in the form of serum from 
humans immuniZed With an immunogenic agent. Optionally, 
such polyclonal antibodies can be concentrated by affinity 
puri?cation using A6 or other amyloid peptide as an affinity 
reagent. 














































