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(57) ABSTRACT 

Compounds that modulate the aggregation of amyloidogenic 
proteins or peptides are disclosed. The modulators of the 
invention can promote amyloid aggregation or, more pref 
erably, can inhibit natural amyloid aggregation. In a pre 
ferred embodiment, the compounds modulate the aggrega 
tion of natural [3 amyloid peptides In a preferred 
embodiment, the [3 amyloid modulator compounds of the 
invention are comprised of an A[3 aggregation core domain 
and a modifying group coupled thereto such that the com 
pound alters the aggregation or inhibits the neurotoXicity of 
natural [3 amyloid peptides When contacted With the pep 
tides. Furthermore, the modulators are capable of altering 
natural [3-AP aggregation When the natural [3-APs are in a 
molar excess amount relative to the modulators. Pharma 
ceutical compositions comprising the compounds of the 
invention, and diagnostic and treatment methods for amy 
loidogenic diseases using the compounds of the invention, 
are also disclosed. 
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MODULATORS OF AMYLOID AGGREGATION 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 08/404,831, ?led Mar. 14, 1995, 
and Us. patent application Ser. No. 08/475,579, ?led Jun. 7, 
1995 and US. patent application Ser. No. 08/548,988, ?led 
Oct. 27, 1995, the entire contents of each of Which are 
hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] AlZheimer’s disease (AD), ?rst described by the 
Bavarian psychiatrist Alois AlZheimer in 1907, is a progres 
sive neurological disorder that begins With short term 
memory loss and proceeds to disorientation, impairment of 
judgement and reasoning and, ultimately, dementia. The 
course of the disease usually leads to death in a severely 
debilitated, immobile state betWeen four and 12 years after 
onset. AD has been estimated to afflict 5 to 11 percent of the 
population over age 65 and as much as 47 percent of the 
population over age 85. The societal cost for managing AD 
is upWards of 80 billion dollars annually, primarily due to 
the extensive custodial care required for AD patients. More 
over, as adults born during the population boom of the 
1940’s and 1950’s approach the age When AD becomes 
more prevalent, the control and treatment of AD Will become 
an even more signi?cant health care problem. Currently, 
there is no treatment that signi?cantly retards the progres 
sion of the disease. For revieWs on AD, see Selkoe, D. J. Sci. 
Amer, November 1991, pp. 68-78; and Yankner, B. A. et al. 
(1991) N. Eng. J. Med. 325:1849-1857. 

[0003] It has recently been reported (Games et al. (1995) 
Nature 373:523-527) that an AlZheimer-type neuropathol 
ogy has been created in transgenic mice. The transgenic 
mice express high levels of human mutant amyloid precur 
sor protein and progressively develop many of the patho 
logical conditions associated With AD. 

[0004] Pathologically, AD is characteriZed by the presence 
of distinctive lesions in the victim’s brain. These brain 
lesions include abnormal intracellular ?laments called neu 
ro?brillary tangles (NTFs) and extracellular deposits of 
amyloidogenic proteins in senile, or amyloid, plaques. Amy 
loid deposits are also present in the Walls of cerebral blood 
vessels of AD patients. The major protein constituent of 
amyloid plaques has been identi?ed as a 4 kilodalton peptide 
called [3-amyloid peptide ([3-AP)(Glenner, G. G. and Wong, 
C. W. (1984) Biochem. Biophys. Res. Commun. 120:885 
890; Masters, C. et al. (1985) Proc. Natl. Acad Sci. USA 
82:4245-4249). Diffuse deposits of [3-AP are frequently 
observed in normal adult brains, Whereas AD brain tissue is 
characteriZed by more compacted, dense-core [3-amyloid 
plaques. (See e.g., Davies, L. et al. (1988) Neurology 
38:1688-1693) These observations suggest that [3-AP depo 
sition precedes, and contributes to, the destruction of neu 
rons that occurs in AD. In further support of a direct 
pathogenic role for [3-AP, [3-amyloid has been shoWn to be 
toxic to mature neurons, both in culture and in vivo. 
Yankner, B. A. et al. (1989) Science 245:417-420; Yankner, 
B. A. et al. (1990) Proc. Natl.Acad. Sci. USA 87:9020-9023; 
Roher, A. E. et al. (1991) Biochem. Biophys. Res. Commun. 
174:572-579; KoWall, N. W. et al. (1991) Proc. Natl. Acad. 
Sci. USA 88:7247-7251. Furthermore, patients With heredi 
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tary cerebral hemorrhage With amyloidosis-Dutch-type 
(HCHWA-D), Which is characteriZed by diffuse [3-amyloid 
deposits Within the cerebral cortex and cerebrovasculature, 
have been shoWn to have a point mutation that leads to an 
amino acid substitution Within [3-AP. Levy, E. et al. (1990) 
Science 248:1124-1126. This observation demonstrates that 
a speci?c alteration of the [3-AP sequence can cause [3-amy 
loid to be deposited. 

[0005] Natural [3-AP is derived by proteolysis from a 
much larger protein called the amyloid precursor protein 
(APP). Kang, J. et al (1987) Nature 325:733; Goldgaber, D. 
et al. (1987) Science 235:877; Robakis, N. K. et al. (1987) 
Proc. Natl. Acad. Sci. USA 84:4190; TanZi, R. E. et al. 
(1987) Science 2351880. The APP gene maps to chromo 
some 21, thereby providing an explanation for the [3-amyloid 
deposition seen at an early age in individuals With DoWn’s 
syndrome, Which is caused by trisomy of chromosome 21. 
Mann, D. M. et al (1989) Neuropathol. Appl. Neurobiol 
15:317; Rumble, B. et al. (1989) N. Eng. J. Med. 320:1446. 
APP contains a single membrane spanning domain, With a 
long amino terminal region (about tWo-thirds of the protein) 
extending into the extracellular environment and a shorter 
carboxy-terminal region projecting into the cytoplasm. Dif 
ferential splicing of the APP messenger RNA leads to at least 
?ve forms of APP, composed of either 563 amino acids 
(APP-563), 695 amino acids (APP-695), 714 amino acids 
(APP-714), 751 amino acids (APP-751) or 770 amino acids 
(APP-770). 
[0006] Within APP, naturally-occurring [3 amyloid peptide 
begins at an aspartic acid residue at amino acid position 672 
of APP-770. Naturally-occurring [3-AP derived from pro 
teolysis of APP is 39 to 43 amino acid residues in length, 
depending on the carboxy-terminal end point, Which exhib 
its heterogeneity. The predominant circulating form of [3-AP 
in the blood and cerebrospinal ?uid of both AD patients and 
normal adults is (1-40 (“short [3”). Seubert, P. et al. (1992) 
Nature 359:325; Shoji, M. et al. (1992) Science 258:126. 
HoWever, [31-42 and [31-43 (“long [3”) also are forms in 
[3-amyloid plaques. Masters, C. et al. (1985) Proc. Natl. 
Acad. Sci. USA 82:4245, Miller, D. et al. (1993) Arch. 
Biochem. Biophys. 301:41; Mori, H. et al. (1992) J. Biol. 
Chem. 267:17082. Although the precise molecular mecha 
nism leading to [3-APP aggregation and deposition is 
unknoWn, the process has been likened to that of nucleation 
dependent polymeriZations, such as protein crystalliZation, 
microtubule formation and actin polymeriZation. See e.g., 
Jarrett, J. T. and Lansbury, P. T. (1993) Cell 73:1055-1058. 
In such processes, polymeriZation of monomer components 
does not occur until nucleus formation. Thus, these pro 
cesses are characteriZed by a lag time before aggregation 
occurs, folloWed by rapid polymeriZation after nucleation. 
Nucleation can be accelerated by the addition of a “seed” or 
preformed nucleus, Which results in rapid polymeriZation. 
The long [3 forms of [3-AP have been shoWn to act as seeds, 
thereby accelerating polymeriZation of both long and short 
[3-AP forms. Jarrett, J. T. et al. (1993) Biochemistry 32:4693. 

[0007] In one study, in Which amino acid substitutions 
Were made in [3-AP, tWo mutant [3 peptides Were reported to 
interfere With polymeriZation of non-mutated [3-AP When 
the mutant and non-mutant forms of peptide Were mixed. 
Hilbich, C. et al. (1992) J. Mol. Biol. 228:460-473. HoW 
ever, equimolar amounts of the mutant and non-mutant (i.e., 
natural) [3 amyloid peptides Were used to see this effect and 
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the mutant peptides Were reported to be unsuitable for use in 
vivo. Hilbich, C. et al. (1992), supra. 

SUMMARY OF THE INVENTION 

[0008] This invention pertains to compounds, and phar 
maceutical compositions thereof, that can modulate the 
aggregation of amyloidogenic proteins and peptides, in 
particular compounds that can modulate the aggregation of 
natural [3 amyloid peptides ([3-AP) and inhibit the neurotoX 
icity of natural [3-APs. In one embodiment, the invention 
provides an amyloid modulator compound comprising an 
amyloidogenic protein, or peptide fragment thereof, coupled 
directly or indirectly to at least one modifying group such 
that the compound modulates the aggregation of natural 
amyloid proteins or peptides When contacted With the natu 
ral amyloidogenic proteins or peptides. Preferably, the com 
pound inhibits aggregation of natural amyloidogenic pro 
teins or peptides When contacted With the natural 
amyloidogenic proteins or peptides. The amyloidogenic 
protein, or peptide fragment thereof, can be, for eXample, 
selected from the group consisting of transthyretin (TTR), 
prion protein (PrP), islet amyloid polypeptide (IAPP), atrial 
natriuretic factor (ANF), kappa light chain, lambda light 
chain, amyloid A, procalcitonin, cystatin C, [32 microglobu 
lin, ApoA-I, gelsolin, procalcitonin, calcitonin, ?brinogen 
and lysoZyme. 

[0009] In the most preferred embodiment of the invention, 
the compound modulates the aggregation of natural [3-AP. 
The invention provides a [3-amyloid peptide compound 
comprising a formula: 

AH 

[0010] Wherein Xaa is a [3-amyloid peptide having an 
amino-terminal amino acid residue corresponding to 
position 668 of [3-amyloid precursor protein-770 
(APP-770) or to a residue carboXy-terminal to posi 
tion 668 of APP-770, A is a modifying group 
attached directly or indirectly to the [3-amyloid pep 
tide of the compound such that the compound inhib 
its aggregation of natural [3-amyloid peptides When 
contacted With the natural [3-amyloid peptides, and n 
is an integer selected such that the compound inhibits 
aggregation of natural [3-amyloid peptides When con 
tacted With the natural [3-amyloid peptides. 

[0011] In one embodiment, at least one A group is attached 
directly or indirectly to the amino terminus of the [3-amyloid 
peptide of the compound. In another embodiment, at least 
one A group is attached directly or indirectly to the carboXy 
terminus of the [3-amyloid peptide of the compound. In yet 
another embodiment, at least one A group is attached 
directly or indirectly to a side chain of at least one amino 
acid residue of the [3-amyloid peptide of the compound. 

[0012] The invention also provides a [3-amyloid modulator 
compound comprising an AB aggregation core domain 
(ACD) coupled directly or indirectly to at least one modi 
fying group (MG) such that the compound modulates the 
aggregation or inhibits the neurotoXicity of natural [3-amy 
loid peptides When contacted With the natural [3-amyloid 
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peptides. Preferably, the AB aggregation core domain is 
modeled after a subregion of natural [3-amyloid peptide 
betWeen 3 and 10 amino acids in length. 

[0013] The invention also provides [3-amyloid modulator 
compound comprising a formula: 

An 

[0014] Wherein Xaal, Xaa2 and Xaa3 are each amino 
acid structures and at least tWo of Xaal, Xaa2 and 
Xaa3 are, independently, selected from the group 
consisting of a leucine structure, a phenylalanine 
structure and a valine structure; 

[0015] Y, Which may or may not be present, is a 
peptidic structure having the formula (Xaa)a, 
Wherein Xaa is any amino acid structure and a is 
an integer from 1 to 15; 

[0016] Z, Which may or may not be present, is a 
peptidic structure having the formula (Xaa)b, 
Wherein Xaa is any amino acid structure and b is 
an integer from 1 to 15; and 

[0017] A is a modifying group attached directly or 
indirectly to the compound and n is an integer; 

[0018] Xaal, Xaaz, Xaa3, Y, Z, A and n being selected 
such that the compound modulates the aggregation 
or inhibits the neurotoXicity of natural [3-amyloid 
peptides When contacted With the natural [3-amyloid 
peptides. In a preferred embodiment, Xaa1 and Xaa2 
are each phenylalanine structures. In another pre 
ferred embodiment Xaa2 and Xaa3 are each pheny 
lalanine structures. 

[0019] The invention further provides a [3-amyloid modu 
lator compound comprising a formula: 

[0020] Wherein Xaa1 and Xaa3 are amino acid struc 
tures; 

[0021] Xaa2 is a valine structure; 

[0022] Xaa4 is a phenylalanine structure; 

[0023] Y, Which may or may not be present, is a 
peptidic structure having the formula (Xaa)a, 
Wherein Xaa is any amino acid structure and a is 
an integer from 1 to 15; 

[0024] Z, Which may or may not be present, is a 
peptidic structure having the formula (Xaa)b, 
Wherein Xaa is any amino acid structure and b is 
an integer from 1 to 15; and 

[0025] A is a modifying group attached directly or 
indirectly to the compound and n is an integer; 
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[0026] Xaal, Xaa3, Y, Z, A and n being selected such 
that the compound modulates the aggregation or 
inhibits the neurotoXicity of natural [3-amyloid pep 
tides When contacted With the natural [3-amyloid 
peptides. In a preferred embodiment, Xaa1 is a leu 
cine structure and Xaa3 is phenylalanine structure. 

[0027] The invention still further provides a compound 
comprising the formula: 

[0028] Wherein Xaa1 is a histidine structure; 

[0029] Xaa2 is a glutamine structure; 

[0030] Xaa3 is a lysine structure; 

[0031] Xaa4 is a leucine structure; 

[0032] XaaS is a valine structure; 

[0033] Xaa6 is a phenylalanine structure; 

[0034] Xaa7 is a phenylalanine structure; 

[0035] Xaa8 is an alanine structure; 

[0036] A and B are modifying groups attached directly or 
indirectly to the amino terminus and carboXy terminus, 
respectively, of the compound; 

[0037] and Wherein Xaa1-Xaa2-Xaa3, Xaal-Xaa2 or 
Xaa1 may or may not be present; 

[0038] Xaa8 may or may not be present; and 

[0039] 
[0040] The invention still further provides a [3-amyloid 
modulator compound comprising a modifying group 
attached directly or indirectly to a peptidic structure, 
Wherein the peptidic structure comprises amino acid struc 
tures having an amino acid sequence selected from the group 
consisting of His-Gln-Lys-Leu-Val-Phe-Phe-Ala (SEQ ID 
NO: 5), His-Gln-Lys-Leu-Val-Phe-Phe (SEQ ID NO: 6), 
Gln-Lys-Leu-Val-Phe-Phe-Ala (SEQ ID NO: 7), Gln-Lys 
Leu-Val-Phe-Phe (SEQ ID NO: 8), Lys-Leu-Val-Phe-Phe 
Ala (SEQ ID NO: 9), Lys-Leu-Val-Phe-Phe (SEQ ID NO: 
10), Leu-Val-Phe-Phe-Ala (SEQ ID NO: 11), Leu-Val-Phe 
Phe (SEQ ID NO: 12), Leu-Ala-Phe-Phe-Ala (SEQ ID NO: 
13), Val-Phe-Phe (SEQ ID NO: 19), Phe-Phe-Ala (SEQ ID 
NO: 20), Phe-Phe-Val-IJeu-Ala (SEQ ID NO: 21), Leu-Val 
Phe-Phe-Lys (SEQ ID NO: 22), Leu-Val-Iodotyrosine-Phe 
Ala (SEQ ID NO: 23), Val-Phe-Phe-Ala (SEQ ID NO: 24), 
Ala-Val-Phe-Phe-Ala (SEQ ID NO: 25), Leu-Val-Phe-Io 
dotyrosine-Ala (SEQ ID NO: 26), Leu-Val-Phe-Phe-Ala 
Glu (SEQ ID NO: 27), Phe-Phe-Val-Leu (SEQ ID NO: 28), 
Phe-Lys-Phe-Val-Leu (SEQ ID NO: 29), Lys-Leu-Val-Ala 
Phe (SEQ ID NO: 30), Lys-Leu-Val-Phe-Phe-[3Ala (SEQ ID 
NO: 31) and Leu-Val-Phe-Phe-DAla (SEQ ID NO: 32). 

[0041] In the compounds of the invention comprising a 
modifying group, preferably the modifying group comprises 
a cyclic, heterocyclic or polycyclic group. Preferred modi 
fying groups contains a cis-decalin group, such as a chol 
anoyl structure. Preferred modifying groups include a cholyl 
group, a biotin-containing group, a diethylene-triaminepen 
taacetyl group, a (—)-menthoXyacetyl group, a ?uorescein 
containing group or an N-acetylneuraminyl group. 

at least one of A and B is present. 

[0042] The compounds of the invention can be further 
modi?ed, for eXample to alter a pharmacokinetic property of 
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the compound or to label the compound With a detectable 
substance. Preferred radioactive labels are radioactive iodine 
or technetium. 

[0043] The invention also provides a [3-amyloid modulator 
Which inhibits aggregation of natural [3-amyloid peptides 
When contacted With a molar eXcess amount of natural 
[3-amyloid peptides. 

[0044] The invention also provides a [3-amyloid peptide 
compound comprising an amino acid sequence having at 
least one amino acid deletion compared to [3AP1_39, such 
that the compound inhibits aggregation of natural [3-amyloid 
peptides When contacted With the natural [3-amyloid pep 
tides. In one embodiment, the compound has at least one 
internal amino acid deleted compared to [3AP1_39. In another 
embodiment, the compound has at least one N-terminal 
amino acid deleted compared to [3AP1_39 In yet another 
embodiment, the compound has at least one C-terminal 
amino acid deleted compared to [3AP1_39. Preferred com 
pounds include [3AP6_2O (SEQ ID NO: 13), [3AP16_3O (SEQ 
ID NO: 14), [3AP1_2O) 2640 (SEQ ID NO: 15) and EEVVH 
HHHQQ-[3AP16_4O (SEQ ID NO: 16). 

[0045] The compounds of the invention can be formulated 
into pharmaceutical compositions comprising the compound 
and a pharmaceutically acceptable carrier. The compounds 
can also be used in the manufacture of a medicament for the 
diagnosis or treatment of an amyloidogenic disease. 

[0046] Another aspect of the invention pertains to diag 
nostic and treatment methods using the compounds of the 
invention. The invention provides a method for inhibiting 
aggregation of natural [3-amyloid peptides, comprising con 
tacting the natural [3-amyloid peptides With a compound of 
the invention such that aggregation of the natural [3-amyloid 
peptides is inhibited. The invention also provides a method 
for inhibiting neurotoXicity of natural [3-amyloid peptides, 
comprising contacting the natural [3-amyloid peptides With a 
compound of the invention such that neurotoXicity of the 
natural [3-amyloid peptides is inhibited. 

[0047] In another embodiment, the invention provides a 
method for detecting the presence or absence of natural 
[3-amyloid peptides in a biological sample, comprising con 
tacting a biological sample With a compound of the inven 
tion and detecting the compound bound to natural [3-amyloid 
peptides to thereby detect the presence or absence of natural 
[3-amyloid peptides in the biological sample. In one embodi 
ment, the [3-amyloid modulator compound and the biologi 
cal sample are contacted in vitro. In another embodiment, 
the [3-amyloid modulator compound is contacted With the 
biological sample by administering the [3-amyloid modula 
tor compound to a subject. For in vivo administration, 
preferably the compound is labeled With radioactive tech 
netium or radioactive iodine. 

[0048] In another embodiment, the invention provides a 
method for detecting natural [3-amyloid peptides to facilitate 
diagnosis of a [3-amyloidogenic disease, comprising con 
tacting a biological sample With a compound of the inven 
tion and detecting the compound bound to natural [3-amyloid 
peptides to facilitate diagnosis of a [3-amyloidogenic dis 
ease. In one embodiment, the [3-amyloid modulator com 
pound and the biological sample are contacted in vitro. In 
another embodiment, the [3-amyloid modulator compound is 
contacted With the biological sample by administering the 
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[3-amyloid modulator compound to a subject. For in vivo 
administration, preferably the compound is labeled With 
radioactive technetium or radioactive iodine. Preferably, the 
method facilitates diagnosis of AlZheimer’s disease. 

[0049] The invention also provides a method for treating 
a subject for a disorder associated With amyloidosis, com 
prising administering to the subject a therapeutically or 
prophylactically effective amount of a compound of the 
invention such that the subject is treated for a disorder 
associated With amyloidosis. The method can be used to 
treat disorders is selected, for example, from the group 
consisting of familial amyloid polyneuropathy (Portuguese, 
Japanese and SWedish types), familial amyloid cardiomy 
opathy (Danish type), isolated cardiac amyloid, systemic 
senile amyloidosis, scrapie, bovine spongiform encephal 
opathy, CreutZfeldt-Jakob disease, Gerstmann-Straussler 
Scheinker syndrome, adult onset diabetes, insulinoma, iso 
lated atrial amyloidosis, idiopathic (primary) amyloidosis, 
myeloma or macroglobulinemia-associated amyloidosis, 
primary localiZed cutaneous nodular amyloidosis associated 
With Sjogren’s syndrome, reactive (secondary) amyloidosis, 
familial Mediterranean Fever and familial amyloid nephr 
opathy With urticaria and deafness (Muckle-Wells syn 
drome), hereditary cerebral hemorrhage With amyloidosis of 
Icelandic type, amyloidosis associated With long term hemo 
dialysis, hereditary non-neuropathic systemic amyloidosis 
(familial amyloid polyneuropathy III), familial amyloidosis 
of Finnish type, amyloidosis associated With medullary 
carcinoma of the thyroid, ?brinogen-associated hereditary 
renal amyloidosis and lysoZyme-associated hereditary sys 
temic amyloidosis. 

[0050] In a preferred embodiment, the invention provides 
a method for treating a subject for a disorder associated With 
[3-amyloidosis, comprising administering to the subject a 
therapeutically or prophylactically effective amount of a 
compound of the invention such that the subject is treated for 
a disorder associated With [3-amyloidosis. Preferably the 
disorder is AlZheimer’s disease. 

[0051] In yet another embodiment, the invention provides 
a method for treating a subject for a disorder associated With 
[3-amyloidosis, comprising administering to the subject a 
recombinant expression vector encoding a peptide com 
pound of the invention such that the compound is synthe 
siZed in the subject and the subject is treated for a disorder 
associated With [3-amyloidosis. Preferably, the disorder is 
AlZheimer’s disease. 

BRIEF DESCRIPTION OF THE DRAWING 

[0052] FIG. 1 is a graphic representation of the turbidity 
of a [3-AP1_4O solution, as measured by optical density at 400 
nm, either in the absence of a [3-amyloid modulator or in the 
presence of the [3-amyloid modulator N-biotinyl- [3AP1_4O 
(1%, or 5%). 

[0053] FIG. 2 is a schematic representation of compounds 
Which can be used to modify a [3-AP or an A[3 aggregation 
core domain to form a [3-amyloid modulator of the inven 
tion. 

[0054] FIG. 3 is a graphic representation of the toxicity of 
A[31_4O aggregates, but not A[31_4O monomers, to cultured 
neuronal cells. 

[0055] FIG. 4 is a graphic representation of the aggrega 
tion of A[31_4O in the presence of an equimolar amount of 
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cholyl-A[36_2O (panel A), a ~2-fold molar excess of cholyl 
A[3 6_20 (panel B) or a ~6-fold molar excess of cholyl-A[36-20 
(panel C) and the corresponding toxicity of the aggregates of 
panels A, B and C to cultured neuronal cells (panels D, E and 
F, respectively). 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0056] This invention pertains to compounds, and phar 
maceutical compositions thereof, that can modulate the 
aggregation of amyloidogenic proteins and peptides, in 
particular compounds that can modulate the aggregation of 
natural, amyloid peptides ([3-AP) and inhibit the neurotox 
icity of natural [3-APs. A compound of the invention that 
modulates aggregation of natural [3-AP, referred to herein 
interchangeably as a [3amyloid modulator compound, a [3 
amyloid modulator or simply a modulator, alters the aggre 
gation of natural [3-AP When the modulator is contacted With 
natural [3-AP. Thus, a compound of the invention acts to alter 
the natural aggregation process or rate for [3-AP, thereby 
disrupting this process. Preferably, the compounds inhibit 
[3-AP aggregation. Furthermore, the invention provides sub 
regions of the [3amyloid peptide that are sufficient, When 
appropriately modi?ed as described herein, to alter (and 
preferably inhibit) aggregation of natural [3 amyloid peptides 
When contacted With the natural [3 amyloid peptides. In 
particular, preferred modulator compounds of the invention 
are comprised of a modi?ed form of an AP[3 aggregation 
core domain, modeled after the aforementioned A[3 subre 
gion (as described further beloW), Which is suf?cient to alter 
(and preferably inhibit) the natural aggregation process or 
rate for [3-AP. This A[3 aggregation core domain can com 
prises as feW as three amino acid residues (or derivative, 
analogues or mimetics thereof). Moreover, While the amino 
acid sequence of the A[3 aggregation core domain can 
directly correspond to an amino acid sequence found in 
natural [3-AP, it is not essential that the amino acid sequence 
directly correspond to a [3-AP sequence. Rather, amino acid 
residues derived from a preferred subregion of [3-AP (a 
hydrophobic region centered around positions 17-20) can be 
rearranged in order and/or substituted With homologous 
residues Within a modulator compound of the invention and 
yet maintain their inhibitory activity (described further 
beloW). 
[0057] The [3 amyloid modulator compounds of the inven 
tion can be selected based upon their ability to inhibit the 
aggregation of natural [3-AP in vitro and/or inhibit the 
neurotoxicity of natural [3-AP ?brils for cultured cells (using 
assays described herein). Accordingly, the preferred modu 
lator compounds inhibit the aggregation of natural [3-AP 
and/or inhibit the neurotoxicity of natural [3-AP. HoWever, 
modulator compounds selected based on one or both of these 
properties may have additional properties in vivo that may 
be bene?cial in the treatment of amyloidosis. For example, 
the modulator compound may interfere With processing of 
natural [3-AP (either by direct or indirect protease inhibition) 
or by modulation of processes that produce toxic [3-AP, or 
other APP fragments, in vivo. Alternatively, modulator com 
pounds may be selected based on these latter properties, 
rather than inhibition of A[3 aggregation in vitro. Moreover, 
modulator compounds of the invention that are selected 
based upon their interaction With natural [3-AP also may 
interact With APP or With other APP fragments. 
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[0058] As used herein, a “modulator” of [3-amyloid aggre 
gation is intended to refer to an agent that, When contacted 
With natural [3 amyloid peptides, alters the aggregation of the 
natural [3 amyloid peptides. The term “aggregation of [3 
amyloid peptides” refers to a process Whereby the peptides 
associate With each other to form a multimeric, largely 
insoluble complex. The term “aggregation” further is 
intended to encompass [3 amyloid ?bril formation and also 
encompasses [3-amyloid plaques. 

[0059] The terms “natural [3-amyloid peptide”, “natural 
[3-AP” and “natural A[3 peptide”, used interchangeably 
herein, are intended to encompass naturally occurring pro 
teolytic cleavage products of the [3 amyloid precursor pro 
tein (APP) Which are involved in [3-AP aggregation and 
[3-amyloidosis. These natural peptides include [3-amyloid 
peptides having 39-43 amino acids (i.e., A[31_39, A[31_4O, 
A[31_41, A[31_42 and A[31_43). The amino-terminal amino acid 
residue of natural [3-AP corresponds to the aspartic acid 
residue at position 672 of the 770 amino acid residue form 
of the amyloid precursor protein (“APP-770”). The 43 
amino acid long form of natural [3-AP has the amino acid 
sequence 

DAEFRHDSGYEVHHQKLVFFAEDVGSNK 
GAIIGLMVGGVVIAT 

[0060] (also shoWn in SEQ ID NO: 1), Whereas the shorter 
forms have 1-4 amino acid residues deleted from the car 
boxy-terminal end. The amino acid sequence of APP-770 
from position 672 (i.e., the amino-terminus of natural [3-AP) 
to its C-terminal end (103 amino acids) is shoWn in SEQ ID 
NO: 2. The preferred form of natural [3-AP for use in the 
aggregation assays described herein is A[31_4O. 

[0061] In the presence of a modulator of the invention, 
aggregation of natural [3 amyloid peptides is “altered” or 
“modulated”. The various forms of the term “alteration” or 
“modulation” are intended to encompass both inhibition of 
[3-AP aggregation and promotion of [3-AP aggregation. 
Aggregation of natural [3-AP is “inhibited” in the presence of 
the modulator When there is a decrease in the amount and/or 
rate of [3-AP aggregation as compared to the amount and/or 
rate of [3-AP aggregation in the absence of the modulator. 
The various forms of the term “inhibition” are intended to 
include both complete and partial inhibition of [3-AP aggre 
gation. Inhibition of aggregation can be quantitated as the 
fold increase in the lag time for aggregation or as the 
decrease in the overall plateau level of aggregation (i.e., total 
amount of aggregation), using an aggregation assay as 
described in the Examples. In various embodiments, a 
modulator of the invention increases the lag time of aggre 
gation at least 1.2-fold, 15-fold, 1.8-fold, 2-fold, 25-fold, 
3-fold, 4-fold or 5-fold. In various other embodiments, a 
modulator of the invention inhibits the plateau level of 
aggregation at least 10%, 20%, 30%, 40%, 50%, 75% or 
100%. 

[0062] A modulator Which inhibits [3-AP aggregation (an 
“inhibitory modulator compound”) can be used to prevent or 
delay the onset of [3-amyloid deposition. Moreover, as 
demonstrated in Example 10, inhibitory modulator com 
pounds of the invention inhibit the formation and/or activity 
of neurotoxic aggregates of natural A[3 peptide (i.e., the 
inhibitory compounds can be used to inhibit the neurotox 
icity of [3-AP). Still further, also as demonstrated in Example 
10, the inhibitory compounds of the invention can be used 
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to reduce the neurotoxicity of preformed [3-AP aggregates, 
indicating that the inhibitory modulators can either bind to 
preformed A[3 ?brils or soluble aggregate and modulate their 
inherent neurotoxicity or that the modulators can perturb the 
equilibrium betWeen monomeric and aggregated forms of 
[3-AP in favor of the non-neurotoxic form. 

[0063] Alternatively, in another embodiment, a modulator 
compound of the invention promotes the aggregation of 
natural A[3 peptides. The various forms of the term “pro 
motion” refer to an increase in the amount and/or rate of 
[3-AP aggregation in the presence of the modulator, as 
compared to the amount and/or rate of [3-AP aggregation in 
the absence of the modulator. Such a compound Which 
promotes A[3 aggregation is referred to as a stimulatory 
modulator compound. Stimulatory modulator compounds 
may be useful for sequestering [3-amyloid peptides, for 
example in a biological compartment Where aggregation of 
[3-AP may not be deleterious to thereby deplete [3-AP from 
a biological compartment Where aggregation of [3-AP is 
deleterious. Moreover, stimulatory modulator compounds 
can be used to promote A[3 aggregation in in vitro aggre 
gation assays (e.g., assays such as those described in the 
Examples), for example in screening assays for test com 
pounds that can then inhibit or reverse this AP aggregation 
(i.e., a stimulatory modulator compound can act as a “seed” 
to promote the formation of A[3 aggregates). 

[0064] In a preferred embodiment, the modulators of the 
invention are capable of altering [3-AP aggregation When 
contacted With a molar excess amount of natural [3-AP. A 
“molar excess amount of natural [3-AP” refers to a concen 
tration of natural [3-AP, in moles, that is greater than the 
concentration, in moles, of the modulator. For example, if 
the modulator and [3-AP are both present at a concentration 
of 1 pM, they are said to be “equimolar”, Whereas if the 
modulator is present at a concentration of 1 pM and the [3-AP 
is present at a concentration of 5 pM, the [3-AP is said to be 
present at a 5-fold molar excess amount compared to the 
modulator. In preferred embodiments, a modulator of the 
invention is effective at altering natural [3-AP aggregation 
When the natural [3-AP is present at at least a 2-fold, 3-fold 
or 5-fold molar excess compared to the concentration of the 
modulator. In other embodiments, the modulator is effective 
at altering [3-AP aggregation When the natural [3-AP is 
present at at least a 10-fold, 20-fold, 33-fold, 50-fold, 
100-fold, 500-fold or 1000-fold molar excess compared to 
the concentration of the modulator. 

[0065] Various additional aspects of the modulators of the 
invention, and the uses thereof, are described in further 
detail in the folloWing subsections. 

[0066] 
[0067] In one embodiment, a modulator of the invention 
comprises a [3-amyloid peptide compound comprising the 
formula: 

I. Modulator Compounds 

An 

[0068] Wherein Xaa is a [3-amyloid peptide, A is a modu 
lating group attached directly or indirectly to the [3-amyloid 
peptide of the compound such that the compound inhibits 
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aggregation of natural [3-amyloid peptides When contacted 
With the natural [3-amyloid peptides, and n is an integer 
selected such that the compound inhibits aggregation of 
natural [3-amyloid peptides When contacted With the natural 
[3-amyloid peptides. 
[0069] Preferably, [3-amyloid peptide of the compound has 
an amino-terminal amino acid residue corresponding to 
position 668 of [3-amyloid precursor protein-770 (APP-770) 
or to a residue carboXy-terminal to position 668 of APP-770. 
The amino acid sequence of APP-770 from position 668 to 
position 770 (i.e., the carboXy terminus) is shoWn beloW and 
in SEQ ID NO: 2: 

EVKMDAEFRHDSGYEVHHQKLVFFAED 
VGSNKGAIIGLMVGGVVIATVIVITL 
VMLKKKQYTSIHHGVVEVDAAVT 
PEERHLSKMQQNGYENPTYKFFEQMQN 

[0070] More preferably, the amino-terminal amino acid 
residue of the [3-amyloid peptide corresponds to position 672 
of APP-770 (position 5 of the amino acid sequence of SEQ 
ID NO: 2) or to a residue carboXy-terminal to position 672 
of APP-770. Although the [3-amyloid peptide of the com 
pound may encompass the 103 amino acid residues corre 
sponding to positions 668-770 of APP-770, preferably the 
peptide is betWeen 6 and 60 amino acids in length, more 
preferably betWeen 10 and 43 amino acids in length and 
even more preferably betWeen 10 and 25 amino acid resi 
dues in length. 

[0071] As used herein, the term “[3 amyloid peptide”, as 
used in a modulator of the invention is intended to encom 
pass peptides having an amino acid sequence identical to 
that of the natural sequence in APP, as Well as peptides 
having acceptable amino acid substitutions from the natural 
sequence. Acceptable amino acid substitutions are those that 
do not affect the ability of the peptide to alter natural [3-AP 
aggregation. Moreover, particular amino acid substitutions 
may further contribute to the ability of the peptide to alter 
natural [3-AP aggregation and/or may confer additional 
bene?cial properties on the peptide (e.g., increased solubil 
ity, reduced association With other amyloid proteins, etc.). 
For eXample, substitution of hydrophobic amino acid resi 
dues for the tWo phenylalanine residues at positions 19 and 
20 of natural [3-AP (positions 19 and 20 of the amino acid 
sequence shoWn in SEQ ID NO: 1) may further contribute 
to the ability of the peptide to alter A-AP aggregation (see 
Hilbich, C. (1992) J. Mol. Biol. 228:460-473). Thus, in one 
embodiment, the [3-AP of the compound consists of the 
amino acid sequence shoWn beloW and in SEQ ID NO: 3: 

DAEFRHDSGYEVHHQKLV(Xaa19)(Xaa20)AEDVGSNKGAIIGL 
MVGGVVIAT 

[0072] (or an amino-terminal or carboXy-terminal deletion 
thereof), Wherein Xaa is a hydrophobic arm amino acid. 
EXamples of hydrophobic amino acids are isoleucine, leu 
cine, threonine, serine, alanine, valine or glycine. Preferably, 
P191320 is substituted With T19T2O or GQIZO. 

[0073] Other suitable amino acid substitutions include 
replacement of amino acids in the human peptide With the 
corresponding amino acids of the rodent [3-AP peptide. The 
three amino acid residues that differ betWeen human and rat 
[3-AP are at positions 5, 10 and 13 of the amino acid 
sequence shoWn in SEQ ID NOs: 1 and 3. A human [3-AP 
having the human to rodent substitutions Arg5 to Gly, Tyr1O 
to Phe and His13 to Arg has been shoWn to retain the 
properties of the human peptide (see Fraser, RB et al. (1 
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992) Biochemistry 31:10716-10723; and Hilbich, C. et al. 
(1991) Eur. J. Biochem. 201:61-69). Accordingly, a human 
[3-AP having rodent [3-AP a.a. substitutions is suitable for 
use in a modulator of the invention. 

[0074] Other possible [3-AP amino acid substitutions are 
described in Hilbich, C. et al. (I991) J. Mol. Biol. 218:149 
163; and Hilbich, C. (1992) J. Mol. Biol. 228:460-473. 
Moreover, amino acid substitutions that affect the ability of 
[3-AP to associate With other proteins can be introduced. For 
eXample, one or more amino acid substitutions that reduce 
the ability of [3-AP to associate With the serpin enZyme 
complex (SEC) receptor, ot1-antichymotrypsin (ACT) and/ 
or apolipoprotein E (ApoE) can be introduced. A preferred 
substitution for reducing binding to the SEC receptor is 
LMM35 to A34A35 (at positions 34 and 35 of the amino acid 
sequences shoWn in SEQ ID NOs: 1 and 3). A preferred 
substitution for reducing binding to ACT is S8 to A8 (at 
position 8 of the amino acid sequences shoWn in SEQ ID 
NOs: 1 and 3). 

[0075] Alternative to [3-AP amino acid substitutions 
described herein or knoWn in the art, a modulator composed, 
at least in part, of an amino acid-substituted [3 amyloid 
peptide can be prepared by standard techniques and tested 
for the ability to alter [3-AP aggregation using an aggregation 
assay described herein. To retain the properties of the 
original modulator, preferably conservative amino acid sub 
stitutions are made at one or more amino acid residues. A 
“conservative amino acid substitution” is one in Which the 
amino acid residue is replaced With an amino acid residue 
having a similar side chain. Families of amino acid residues 
having similar side chains have been de?ned in the art, 
including basic side chains (e.g., lysine, arginine, histidine), 
acidic side chains (e.g., aspartic acid, glutamic acid), 
uncharged polar side chains (e.g., glycine, asparagine, 
glutamine, serine, threonine, tyrosine, cysteine), nonpolar 
side chains (e. g., alanine, valine, leucine, isoleucine, proline, 
phenylalanine, methionine, tryptophan), [3-branched side 
chains (e.g., threonine, valine, isoleucine) and aromatic side 
chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). 
Accordingly, a modulator composed of a [3 amyloid peptide 
having an amino acid sequence that is mutated from that of 
the Wild-type sequence in APP-770 yet Which still retains the 
ability to alter natural [3-AP aggregation is Within the scope 
of the invention. 

[0076] As used herein, the term “[3 amyloid peptide” is 
further intended to include peptide analogues or peptide 
derivatives or peptidomimetics that retain the ability to alter 
natural [3-AP aggregation as described herein. For eXample, 
a [3 amyloid peptide of a modulator of the invention may be 
modi?ed to increase its stability, bioavailability, solubility, 
etc. The terms “peptide analogue”, “peptide derivative” and 
“peptidomimetic” as used herein are intended to include 
molecules Which mimic the chemical structure of a peptide 
and retain the functional properties of the peptide. 
Approaches to designing peptide analogs are knoWn in the 
art. For example, see Farmer, P. S. in Drug Design J. 
Ariens, ed.) Academic Press, NeW York, 1980, vol. 10, pp. 
119-143; Ball. J. B. and AleWood, P. F. (1990) J. Mol. 
Recognition 3:55; 

[0077] Morgan, B. A. and Gainor, J. A. (1989) Ann. Rep. 
Med. Chem. 24:243; and Freidinger, R. M. (1989) Trends 
Pharmacol. Sci. 10:270. EXamples of peptide analogues, 
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derivatives and peptidomimetics include peptides substi 
tuted With one or more benZodiaZepine molecules (see e.g., 

James, G. L. et al. (1993) Science 260:1937-1942), peptides 
With methylated amide linkages and “retro-inverso” pep 
tides (see U.S. Pat. No. 4,522,752 by Sisto). Peptide ana 
logues, peptide derivatives and peptidomimetic are 
described in further detail below With regard to compounds 
comprising an AB aggregation core domain. 

[0078] In a modulator of the invention having the formula 
shoWn above, a modulating group (“A”) is attached directly 
or indirectly to the [3-amyloid peptide of the modulator (As 
used herein, the term “modulating group” and “modifying 
group” are used interchangeably to describe a chemical 

group directly or indirectly attached to an AD derived 

peptidic structure). For eXample, the modulating group can 
be directly attached by covalent coupling to the [3-amyloid 
peptide or the modulating group can be attached indirectly 
by a stable non-covalent association. In one embodiment of 

the invention, the modulating group is attached to the 
amino-terminus of the [3-amyloid peptide of the modulator. 
Accordingly, the modulator can comprise a compound hav 
ing a formula: 

[0079] Alternatively, in another embodiment of the inven 
tion, the modulating group is attached to the carboXy 
terminus of the [3-amyloid peptide of the modulator. Accord 
ingly, the modulator can comprise a compound having a 
formula: 

0 

[0080] In yet another embodiment, the modulating group 
is attached to the side chain of at least one amino acid 

residues of the [3-amyloid peptide of the compound (e.g., 
through the epsilon amino group of a lysyl residue(s), 
through the carboXyl group of an aspartic acid residue(s) or 
a glutamic acid residue(s), through a hydroXy group of a 
tyrosyl residue(s), a serine residue(s) or a threonine resi 
due(s) or other suitable reactive group on an amino acid side 

chain). 

[0081] The modulating group is selected such that the 
compound inhibits aggregation of natural [3-amyloid pep 
tides When contacted With the natural [3-amyloid peptides. 
Accordingly, since the [3-AP peptide of the compound is 
modi?ed from its natural state, the modulating group “A” as 
used herein is not intended to include hydrogen. In a 

preferred embodiment, the modulating group is a biotin 
compound of the formula: 
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W 

h 
X2 

0 

|| 
X3 R1_C—Y 

[0082] Wherein Xl-X3 are each independently selected 
from the group consisting of S, O and NR2, Wherein R2 is 
hydrogen, or an aryl, loWer alkyl, alkenyl or alkynyl moiety; 
W is :0 or NR2; R1 is a loWer alkylenyl moiety and Y is 
a direct bond or a spacer molecule selected for its ability to 

react With a target group on a [3-AP. At least one of Xl-X3 
or W is an NR2 group. 

[0083] The term “aryl” is intended to include aromatic 
moieties containing substituted or unsubstituted ring(s), e. g., 
benZyl, napthyl, etc. Other more compleX fused ring moi 
eties also are intended to be included. 

[0084] The term “loWer alkyl or alkylenyl moiety” refers 
to a saturated, straight or branched chain (or combination 
thereof) hydrocarbon containing 1 to about 6 carbon atoms, 
more preferably from 1 to 3 carbon atoms. The terms “loWer 
alkenyl moiety” and “loWer alkynyl moiety” refer to unsat 
urated hydrocarbons containing 1 to about 6 carbon atoms, 
more preferably 1 to 3 carbon atoms. Preferably, R2 contains 
1 to 3 carbon atoms. Preferably, R1 contains 4 carbon atoms. 

[0085] The spacer molecule (Y) can be, for example, a 
loWer alkyl group or a linker peptide, and is preferably 
selected for its ability to link With a free amino group (e.g., 
the ot-amino group at the amino-terminus of a [3-AP). Thus, 
in a preferred embodiment, the biotin compound modi?es 
the amino-terminus of a [3-amyloid peptide. 

[0086] Additional suitable modulating groups may include 
other cyclic and heterocyclic compounds and other com 
pounds having similar steric “bulk”. Non-limiting examples 
of compounds Which can be used to modify a [3-AP are 
shoWn schematically in FIG. 2, and include N-acetyl 
neuraminic acid, cholic acid, trans-4-cotininecarboXylic 
acid, 2-imino-1-imidaZolidineacetic acid, (S)-(—)-indoline 
2-carboXylic acid, (—)-menthoXyacetic acid, 2-norboma 
neacetic acid, y-oXo-5-acenaphthenebutyric acid, (—)-2-oXo 
4-thiaZolidinecarboXylic acid, tetrahydro-3-furoic acid, 
2-iminobiotin—N-hydroxysuccinimide ester, diethylenetri 
aminepentaacetic dianhydride, 4-morpholinecarbonyl chlo 
ride, 2-thiopheneacetyl chloride, 2-thiophenesulfonyl chlo 
ride, 5-(and 6-)-carboXy?uorescein (succinimidyl ester), 
?uorescein isothiocyanate, and acetic acid (or derivatives 
thereof). Suitable modulating groups are described further in 
subsection II beloW. 

[0087] In a modulator of the invention, a single modulat 
ing group may be attached to a [3-amyloid peptide (e.g., n=1 
in the formula shoWn above) or multiple modulating groups 
may be attached to the peptide. The number of modulating 
groups is selected such that the compound inhibits aggre 
gation of natural [3-amyloid peptides When contacted With 
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the natural [3-amyloid peptides. However, n preferably is an 
integer betWeen 1 and 60, more preferably betWeen 1 and 30 
and even more preferably betWeen 1 and 10 or 1 and 5. 

[0088] In another embodiment, a [3-amyloid modulator 
compound of the invention comprises an AB aggregation 
core domain (abbreviated as ACD) coupled directly or 
indirectly to a modifying group such that the compound 
modulates the aggregation or inhibits the neurotoxicity of 
natural [3-amyloid peptides When contacted With the natural 
[3-amyloid peptides. As used herein, an “AB aggregation 
core domain” is intended to refer to a structure that is 
modeled after a subregion of a natural [3-amyloid peptide 
Which is suf?cient to modulate aggregation of natural [3-APs 
When this subregion of the natural [3-AP is appropriately 
modi?ed as described herein (e.g., modi?ed at the amino 
terminus). The term “subregion of a natural [3-amyloid 
peptide” is intended to include amino-terminal and/or car 
boxy-terminal deletions of natural [3-AP. The term “subre 
gion of natural [3-AP” is not intended to include full-length 
natural [3-AP (i.e., “subregion” does not include A[31_39, 
Al31-40> APl31-41> AP1-42 and A6143) 
[0089] Although not intending to be limited by mecha 
nism, the ACD of the modulators of the invention is thought 
to confer a speci?c targeting function on the compound that 
alloWs the compound to recogniZe and speci?cally interact 
With natural [3-AP. Preferably, the ACD is modeled after a 
subregion of natural [3-AP that is less than 15 amino acids in 
length and more preferably is betWeen 3-10 amino acids in 
length. In various embodiments, the ACD is modeled after 
a subregion of [3-AP that is 10, 9, 8, 7, 6, 5, 4 or 3 amino 
acids in length. In one embodiment, the subregion of [3-AP 
upon Which the ACD is modeled is an internal or carboxy 
terminal region of [3-AP (i.e., doWnstream of the amino 
terminus at amino acid position 1). In another embodiment, 
the ACD is modeled after a subregion of [3-AP that is 
hydrophobic. In certain speci?c embodiments, the term AP 
aggregation core domain speci?cally excludes [3-AP subre 
gions corresponding to amino acid positions 1-15 (A6145), 
6'20 (Ass-20) and 1640 (ABM-40) 

[0090] An AB aggregation core domain can be comprised 
of amino acid residues linked by peptide bonds. That is, the 
ACD can be a peptide corresponding to a subregion of [3-AP. 
Alternatively, an AB aggregation core domain can be mod 
eled after the natural AB peptide region but may be com 
prised of a peptide analogue, peptide derivative or peptido 
mimetic compound, or other similar compounds Which 
mimics the structure and function of the natural peptide. 
Accordingly, as used herein, an “AB aggregation core 
domain” is intended to include peptides, peptide analogues, 
peptide derivatives and peptidomimetic compounds Which, 
When appropriately modi?ed, retain the aggregation modu 
latory activity of the modi?ed natural AB peptide subregion. 
Such structures that are designed based upon the amino acid 
sequence are referred to herein as “A6 derived peptidic 
structures.” Approaches to designing peptide analogues, 
derivatives and mimetics are knoWn in the art. For example, 
see Farmer, P. S. in Drug Design J. Ariens, ed.) Aca 
demic Press, NeW York, 1980, vol. 10, pp. 119-143; Ball. J. 
B. and AleWood, P. F. (1990) J. Mol. Recognition 3:55; 
Morgan, B. A. and Gainor, J. A. (1989) Ann. Rep. Med. 
Chem. 241243; and Freidinger, R. M. (1989) Trends Phar 
macol. Sci. 10:270. See also SaWyer, T. K. (1995) “Pepti 
domimetic Design and Chemical Approaches to Peptide 
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Metabolism” in Taylor, M. D. and Amidon, G. L. (eds.) 
Peptide-Based Drug Design: Controlling Transport and 
Metabolism, Chapter 17; Smith, A. B. 3rd, et al. (1995) J. 
Am. Chem. Soc. 117:11113-11123; Smith, A. B. 3rd, et al. 
(1994) J. Am. Chem. Soc. 116:9947-9962; and Hirschman, 
R., et al. (1993) J. Am. Chem. Soc. 115:12550-12568. 

[0091] As used herein, a “derivative” of a compound X 
(e.g., a peptide or amino acid) refers to a form of X in Which 
one or more reaction groups on the compound have been 
derivatiZed With a substituent group. Examples of peptide 
derivatives include peptides in Which an amino acid side 
chain, the peptide backbone, or the amino- or carboxy 
terminus has been derivatiZed (e.g., peptidic compounds 
With methylated amide linkages). As used herein an “ana 
logue” of a compound X refers to a compound Which retains 
chemical structures of X necessary for functional activity of 
X yet Which also contains certain chemical structures Which 
differ from X. An examples of an analogue of a naturally 
occurring peptide is a peptides Which includes one or more 
non-naturally-occurring amino acids. As used herein, a 
“mimetic” of a compound X refers to a compound in Which 
chemical structures of X necessary for functional activity of 
X have been replaced With other chemical structures Which 
mimic the conformation of X. Examples of peptidomimetics 
include peptidic compounds in Which the peptide backbone 
is substituted With one or more benZodiaZepine molecules 

(see e.g., James, G. L. et al. (1993) Science 260:1937-1942), 
peptides in Which all L-amino acids are substituted With the 
corresponding D-amino acids and “retro-inverso” peptides 
(see US. Pat. No. 4,522,752 by Sisto), described further 
beloW. 

[0092] The term mimetic, and in particular, peptidomi 
metic, is intended to include isosteres. The term “isostere” as 
used herein is intended to include a chemical structure that 
can be substituted for a second chemical structure because 
the steric conformation of the ?rst structure ?ts a binding site 
speci?c for the second structure. The term speci?cally 
includes peptide back-bone modi?cations (i.e., amide bond 
mimetics) Well knoWn to those skilled in the art. Such 
modi?cations include modi?cations of the amide nitrogen, 
the ot-carbon, amide carbonyl, complete replacement of the 
amide bond, extensions, deletions or backbone crosslinks. 
Several peptide backbone modi?cations are knoWn, includ 
ing IP[CH2S], IP[CH2NH], II'[CSNH2], IP[NHCO], 
1I'[COCH2], and or (Z) CH=CH]. In the nomencla 
ture used above, III indicates the absence of an amide bond. 
The structure that replaces the amide group is speci?ed 
Within the brackets. Other examples of isosteres include 
peptides substituted With one or more benZodiaZepine mol 
ecules (see e.g., James, G. L. et al. (1993) Science 260: 1937 
1942) 
[0093] Other possible modi?cations include an N-alkyl (or 
aryl) substitution (\P[CONR]), backbone crosslinking to 
construct lactams and other cyclic structures, substitution of 
all D-amino acids for all L-amino acids Within the com 
pound (“inverso” compounds) or retro-inverso amino acid 
incorporation (\P[NHCO]). By “inverso” is meant replacing 
L-amino acids of a sequence With D-amino acids, and by 
“retro-inverso” or “enantio-retro” is meant reversing the 
sequence of the amino acids (“retro”) and replacing the 
L-amino acids With D-amino acids. For example, if the 
parent peptide is Thr-Ala-Tyr, the retro modi?ed form is 
Tyr-Ala-Thr, the inverso form is thr-ala-tyr, and the retro 
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inverso form is tyr-ala-thr (lower case letters refer to 
D-amino acids). Compared to the parent peptide, a retro 
inverso peptide has a reversed backbone While retaining 
substantially the original spatial conformation of the side 
chains, resulting in a retro-inverso isomer With a topology 
that closely resembles the parent peptide. See Goodman et 
al. “Perspectives in Peptide Chemistry ”pp. 283-294 (1981). 
See also US. Pat. No. 4,522,752 by Sisto for further 
description of “retro-inverso” peptides. 

[0094] Other derivatives of the modulator compounds of 
the invention include C-terminal hydroXymethyl deriva 
tives, 0-modi?ed derivatives (e.g., C-terminal hydroXym 
ethyl benZyl ether), N-terminally modi?ed derivatives 
including substituted amides such as alkylamides and 
hydraZides and compounds in Which a C-terminal phenyla 
lanine residue is replaced With a phenethylamide analogue 
(e.g., Val-Phe-phenethylamide as an analogue of the tripep 
tide Val-Phe-Phe). 

[0095] In a preferred embodiment, the ACD of the modu 
lator is modeled after the subregion of [3-AP encompassing 
amino acid positions 17-20 (i.e., Leu-Val-Phe-Phe; SEQ ID 
NO: 12). As described further in Examples 7, 8 and 9, 
peptide subregions of A[31_4O Were prepared, amino-termi 
nally modi?ed and evaluated for their ability to modulate 
aggregation of natural [3-amyloid peptides. One subregion 
that Was effective at inhibiting aggregation Was A[36_2O (i.e., 
amino acid residues 6-20 of the natural A6140 peptide, the 
amino acid sequence of Which is shoWn in SEQ ID NO: 4). 
Amino acid residues Were serially deleted from the amino 
terminus or carboXy terminus of this subregion to further 
delineate a minimal subregion that Was suf?cient for aggre 

gation inhibitory activity. This process de?ned A6112O (i.e., 
amino acid residues 17-20 of the natural A6140 peptide) as 
a minimal subregion that, When appropriately modi?ed, is 
sufficient for aggregation inhibitory activity. Accordingly, an 
“AB aggregation core domain” Within a modulator com 
pound of the invention can be modeled after A[317_2O. In one 
embodiment, the Ap aggregation core domain comprises 
AS17720 itself (i.e., a peptide comprising the amino acid 
sequence leucine-valine-phenylalanine-phenylalanine; SEQ 
ID NO: 12). In other embodiments, the structure of A[317-20 
is used as a model to design an AB aggregation core domain 
having similar structure and function to A[317_2O. For 
eXample, peptidomimetics, derivatives or analogues of A[317_ 
20 (as described above) can be used as an AB aggregation 
core domain. In addition to A[317_2O, the natural AB peptide 
is likely to contain other minimal subregions that are suf? 
cient for aggregation inhibitory activity. Such additional 
minimal subregions can be identi?ed by the processes 
described in EXamples 7, 8 and 9, Wherein a 15 mer 
subregion of A6140 is serially deleted from the amino 
terminus or carboXy terminus, the deleted peptides are 
appropriately modi?ed and then evaluated for aggregation 
inhibitory activity. 

[0096] One form of the [3-amyloid modulator compound 
comprising an AB aggregation core domain modeled after 
AB coupled directly or indirectly to at least one modifying 

17720 

group has the formula: 
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[0097] 
tures; 

Wherein Xaa1 and Xaa3 are amino acid struc 

[0098] Xaa2 is a valine structure; 

[0099] Xaa4 is a phenylalanine structure; 

[0100] Y, Which may or may not be present, is a 
peptidic structure having the formula (Xaa)a, 
Wherein Xaa is any amino acid structure and a is 
an integer from 1 to 15; 

[0101] Z, Which may or may not be present, is a 
peptidic structure having the formula (Xaa)b, 
Wherein Xaa is any amino acid structure and b is 
an integer from 1 to 15; and 

[0102] A is a modifying group attached directly or 
indirectly to the compound and n is an integer; 

[0103] Xaal, Xaa3, Y, Z, A and n being selected such that 
the compound modulates the aggregation or inhibits the 
neurotoXicity of natural [3-amyloid peptides When contacted 
With the natural [3-amyloid peptides. 

[0104] Preferably, a modulator compound of the above 
formula inhibits aggregation of natural [3-amyloid peptides 
When contacted With the natural B-amyloid peptides and/or 
inhibits AB neurotoXicity. Alternatively, the modulator com 
pound can promote aggregation of natural [3-amyloid pep 
tides When contacted With the natural [3-amyloid peptides. 
The type and number of modifying groups (“A”) coupled to 
the modulator are selected such that the compound alters 
(and preferably inhibits) aggregation of natural [3-amyloid 
peptides When contacted With the natural [3-amyloid pep 
tides. A single modifying group can be coupled to the 
modulator (i.e., n=1 in the above formula) or, alternatively, 
multiple modifying groups can be coupled to the modulator. 
In various embodiments, n is an integer betWeen 1 and 60, 
betWeen 1 and 30, betWeen 1 and 10, betWeen I and 5 or 
betWeen 1 and 3. Suitable types of modifying groups are 
described further in subsection II beloW. 

[0105] As demonstrated in EXample 9, amino acid posi 
tions 18 (Val8) and 20 (Phezo) of A[317_2O (corresponding to 
Xaa2 and Xaa4) are particularly important Within the core 
domain for inhibitory activity of the modulator compound. 
Accordingly, these positions are conserved Within the core 
domain in the formula shoWn above. The terms “valine 
structure” and “phenylalanine structure” as used in the 
above formula are intended to include the natural amino 
acids, as Well as non-naturally-occurring analogues, deriva 
tives and mimetics of valine and phenylalanine, respectively, 
(including D-amino acids) Which maintain the functional 
activity of the compound. Moreover, although Val18 and 
Phe20 have an important functional role, it is possible that 
Xaa2 and/or Xaa4 can be substituted With other naturally 
occurring amino acids that are structurally related to valine 
or phenylalanine, respectively, While still maintaining the 
activity of the compound. Thus, the terms “valine structure” 
is intended to include conservative amino acid substitutions 
that retain the activity of valine at Xaaz, and the term 
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“phenylalanine structure” is intended to include conserva 
tive amino acid substitutions that retain the activity of 
phenylalanine at Xaa4. However, the term “valine structure” 
is not intended to include threonine. 

[0106] In contrast to positions 18 and 20 of AB 1120, a Phe 
to Ala substitution at position 19 (corresponding to Xaa3) 
did not abolish the activity of the modulator, indicating 
position 19 may be more amenable to amino acid substitu 
tion. In various embodiments of the above formula, posi 
tions Xaa1 and Xaa3 are any amino acid structure. The term 
“amino acid structure” is intended to include natural and 
non-natural amino acids as Well as analogues, derivatives 
and mimetics thereof, including D-amino acids. In a pre 
ferred embodiment of the above formula, Xaa1 is a leucine 
structure and Xaa3 is a phenylalanine structure (i.e., modeled 
after I?ll17 and Phe 19, respectively, in the natural AB peptide 
sequence). The term “leucine structure” is used in the same 
manner as valine structure and phenylalanine structure 
described above. Alternatively, an another embodiment, 
Xaa3 is an alanine structure. 

[0107] The four amino acid structure ACD of the modu 
lator of the above formula can be ?anked at the amino 
terminal side, carboxy-terminal side, or both, by peptidic 
structures derived either from the natural AB peptide 
sequence or from non-AB sequences. The term “peptidic 
structure” is intended to include peptide analogues, deriva 
tives and mimetics thereof, as described above. The peptidic 
structure is composed of one or more linked amino acid 
structures, the type and number of Which in the above 
formula are variable. For example, in one embodiment, no 
additional amino acid structures ?ank the Xaa1-Xaa2-Xaa3 
Xaa4 core sequence (i.e., Y and Z are absent in the above 
formula). In another embodiment, one or more additional 
amino acid structures ?ank only the amino-terminus of the 
core sequences (i.e., Y is present but Z is absent in the above 
formula). In yet another embodiment, one or more additional 
amino acid structures ?ank only the carboxy-terminus of the 
core sequences (i.e., Z is present but Y is absent in the above 
formula). The length of ?anking Z or Y sequences also is 
variable. For example, in one embodiment, a and b are 
integers from 1 to 15 . More preferably, a and b are integers 
betWeen 1 and 10. Even more preferably, a and b are integers 
betWeen 1 and 5. Most preferably, a and b are integers 
betWeen 1 and 3. 

[0108] One form of the [3-amyloid modulator compound 
comprising an AB aggregation core domain modeled after 
AB coupled directly or indirectly to at least one modifying 
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group has the formula: 

[0109] Wherein Xaa1 and Xaa3 are amino acids or 
amino acid mimetics; 

[0110] Xaa2 is valine or a valine mimetic 

[0111] Xaa4 is phenylalanine or a phenylalanine 
mimetic; 

[0112] Y, Which may or may not be present, is a 
peptide or peptidomimetic having the formula 
(Xaa)a, Wherein Xaa is any amino acid or amino 
acid mimetic and a is an integer from 1 to 15; 

0113 Z, Which ma or ma not be resent, is a y y P 
peptide or peptidomimetic having the formula 
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(Xaa)b, Wherein Xaa is any amino acid or amino 
acid mimetic and b is an integer from 1 to 15; and 

[0114] A and B, at least one of Which is present, are 
modifying groups attached directly or indirectly to 
the amino terminus and carboxy terminus, respec 
tively, of the compound; 

[0115] Xaal, Xaa3, Y, Z, A and B being selected such 
that the compound modulates the aggregation or 
inhibits the neurotoxicity of natural [3-amyloid pep 
tides When contacted With the natural [3-amyloid 
peptides. 

[0116] In this embodiment, the modulator compound is 
speci?cally modi?ed at either its amino-terminus, its car 
boxy-terminus, or both. The terminology used in this for 
mula is the same as described above. Suitable modifying 
groups are described in subsection II beloW. In one embodi 
ment, the compound is modi?ed only at its amino terminus 
(i.e., B is absent and the compound comprises the formula: 
A-(Y)-Xaa1-Xaa2-Xaa3-Xaa4-(Z)). In another embodiment, 
the compound is modi?ed only at its carboxy-terminus (i.e., 
A is absent and the compound comprises the formula: 
(Y)-Xaa1-Xaa2-Xaa3-Xaa4-(Z)-B). In yet another embodi 
ment, the compound is modi?ed at both its amino- and 
carboxy termini (i.e., the compound comprises the formula: 
A-(Y)-Xaa1-Xaa2-Xaa3-Xaa4-(Z)-B and both A and B are 
present). As described above, the type and number of amino 
acid structures Which ?ank the Xaa1-Xaa2-Xaa3-Xaa4 core 
sequences in the above formula is variable. For example, in 
one embodiment, a and b are integers from 1 to 15. More 
preferably, a and b are integers betWeen 1 and 10. Even more 
preferably, a and b are integers betWeen 1 and 5. Most 
preferably, a and b are integers betWeen 1 and 3. 

[0117] As demonstrated in Examples 7, 8 and 9, preferred 
AB modulator compounds of the invention comprise modi 
?ed forms of A[314_21 (His-Gln-Lys-IJeu-Val-Phe-Phe-Ala; 
SEQ ID NO: 5), or amino-terminal or carboxy-terminal 
deletions thereof, With a preferred “minimal core region” 
comprising A[317_2O. Accordingly, in speci?c embodiments, 
the invention provides compounds comprising the formula: 

[0118] Wherein Xaa1 is a histidine structure; 

[0119] 

[0120] 

[0121] 

[0122] 

[0123] 

[0124] 

[0125] 
[0126] A and B are modifying groups attached 

directly or indirectly to the amino terminus and 
carboxy terminus, respectively, of the compound; 

[0127] and Wherein Xaa1-Xaa2-Xaa3, Xaal-Xaa2 or 
Xaa1 may or may not be present; 

Xaa2 is a glutamine structure; 

Xaa3 is a lysine structure; 

Xaa4 is a leucine structure; 

Xaa5 is a valine structure; 

Xaa6 is a phenylalanine structure; 

Xaa7 is a phenylalanine structure; 

Xaa8 is an alanine structure; 

[0128] Xaa8 may or may not be present; and 

[0129] at least one of A and B is present. 
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[0130] In one speci?c embodiment, the compound com 
prises the formula: A-Xaa4-Xaa5-Xaa6-Xaa7-B (e.g, a modi 
?ed form of A[317_2O, comprising an amino acid sequence 
Leu-Val-Phe-Phe; SEQ ID NO: 12). 

[0131] In another speci?c embodiment, the compound 
comprises the formula: A-Xaa4-Xaa5-Xaa6-Xaa7-Xaa8-B 
(e.g, a modi?ed form of A[317_21, comprising an amino acid 
sequence Leu-Val-Phe-Phe-Ala; SEQ ID NO: 11). 

[0132] In another speci?c embodiment, the compound 
comprises the formula: A-Xaa3-Xaa4-Xaa5-Xaa6-Xaa7-B 
(e.g., a modi?ed form of A[316_2O, comprising an amino acid 
sequence Lys-Leu-Val-Phe-Phe; SEQ ID NO: 10). 

[0133] In another speci?c embodiment, the compound 
comprises the formula: A-Xaa3-Xaa4-Xaa5-Xaa6-Xaa7 
Xaa8-B (e.g., a modi?ed form of A[316_21, comprising an 
amino acid sequence Lys-Leu-Val-Phe-Phe-Ala; SEQ ID 
NO: 9). 

[0134] In another speci?c embodiment, the compound 
comprises the formula: A-Xaa2-Xaa3-Xaa4-Xaa5-Xaa6 
Xaa7-B (e.g., a modi?ed form of A[315_2O, comprising an 
amino acid sequence Gln-Lys-Leu-Val-Phe-Phe; SEQ ID 
NO: 8). 

[0135] In another speci?c embodiment, the compound 
comprises the formula: A-Xaa2-Xaa3-Xaa4-Xaa5-Xaa6 
Xaa7-Xaa8-B (e.g., a modi?ed form of A[315_21, comprising 
an amino acid sequence Gln-Lys-Leu-Val-Phe-Phe-Ala; 
SEQ ID NO: 7). 

[0136] In another speci?c embodiment, the compound 
comprises the formula: A-Xaal-Xaa2-Xaa3-Xaa4-Xaa5 
Xaa6-Xaa7-B (e.g., a modi?ed form of A[314_2O, comprising 
an amino acid sequence His-Gln-Lys-Leu-Val-Phe-Phe; 
SEQ ID NO: 6). 

[0137] In another speci?c embodiment, the compound 
comprises the formula: A-Xaal-Xaa2-Xaa3-Xaa4-Xaa5 
Xaa6-Xaa7-Xaa8-B (e.g., a modi?ed form of A[314_21, com 
prising an amino acid sequence His-Gln-Lys-Leu-Val-Phe 
Phe-Ala; SEQ ID NO: 5). 

[0138] In preferred embodiments of the aforementioned 
speci?c embodiments, A or B is a cholanoyl structure or a 
biotin-containing structure (described further in subsection 
II beloW). 

[0139] In further experiments to delineate subregions of 
AP upon Which an AB aggregation core domain can be 
modeled (the results of Which are described in Example 11), 
it Was demonstrated that a modulator compound having 
inhibitory activity can comprise as feW as three AB amino 
acids residues (e.g., Val-Phe-Phe, Which corresponds to 
AS18720 or Phe-Phe-Ala, Which corresponds to A[319_21). The 
results also demonstrated that a modulator compound having 
a modulating group at its carboXy-terminus is effective at 
inhibiting AB aggregation. Still further, the results demon 
strated that the cholyl group, as a modulating group, can be 
manipulated While maintaining the inhibitory activity of the 
compounds and that an iodotyrosyl can be substituted for 
phenylalanine (e.g., at position 19 or 20 of the AB sequence) 
While maintaining the ability of the compound to inhibit AB 
aggregation. 

[0140] Still further, the results demonstrated that com 
pounds With inhibitory activity can be created using amino 
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acids residues that are derived from the AB sequence in the 
region of about positions 17-21 but Wherein the amino acid 
sequence is rearranged or has a substitution With a non-AB 
derived amino acid. EXamples of such compounds include 
PPI-426, in Which the sequence of A[317_21 (LVFFA) has 
been rearranged (FFVLA), PPI-372, in Which the sequence 
of A[316_2O (KLVFF) has been rearranged (FKFVL), and 
PPI-388, -389 and -390, in Which the sequence of A[317_21 
(LVFFA) has been substituted at position 17, 18 or 19, 
respectively, With an alanine residue (AVFFA for PPI-388, 
LAFFA for PPI-389 and LVAFA for PPI-390). The inhibi 
tory activity of these compounds indicate that the presence 
in the compound of an amino acid sequence directly corre 
sponding to a portion of AB is not essential for inhibitory 
activity, but rather suggests that maintenance of the hydro 
phobic nature of this core region, by inclusion of amino acid 
residues such as phenylalanine, valine, leucine, regardless of 
their precise order, can be suf?cient for inhibition of AB 
aggregation. Accordingly, an AB aggregation core domain 
can be designed based on the direct AB amino acid sequence 
or can be designed based on a rearranged AD sequence 
Which maintains the hydrophobicity of the AP subregion, 
e.g., the region around positions 17-20. This region of AB 
contains the amino acid residues Leu, Val and Phe. Accord 
ingly, preferred AB aggregation core domains are composed 
of at least three amino acid structures (as that term is de?ned 
hereinbefore, including amino acid derivatives, analogues 
and mimetics), Wherein at least tWo of the amino acid 
structures are, independently, either a leucine structure, a 
valine structure or a phenylalanine structure (as those terms 
are de?ned hereinbefore, including derivatives, analogues 
and mimetics). 

[0141] Thus, in another embodiment, the invention pro 
vides a [3-amyloid modulator compound comprising a for 
mula: 

[0142] Wherein Xaal, Xaa2 and Xaa3 are each amino 
acid structures and at least tWo of Xaal, Xaa2 and 
Xaa3 are, independently, selected from the group 
consisting of a leucine structure, a phenylalanine 
structure and a valine structure; 

[0143] Y, Which may or may not be present, is a 
peptidic structure having the formula (Xaa)a, 
Wherein Xaa is any amino acid structure and a is 
an integer from 1 to 15; 

[0144] Z, Which may or may not be present, is a 
peptidic structure having the formula (Xaa)b, 
Wherein Xaa is any amino acid structure and b is 
an integer from 1 to 15; and 

[0145] A is a modifying group attached directly or indi 
rectly to the compound and n is an integer; 

[0146] Xaal, Xaaz, Xaa3, Y, Z, A and n being selected such 
that the compound modulates the aggregation or inhibits the 
neurotoXicity of natural [3-amyloid peptides When contacted 
With the natural [3-amyloid peptides. 

[0147] Preferably, the compound inhibits aggregation of 
natural [3-amyloid peptides When contacted With the natural 
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[3-amyloid peptides. In preferred embodiments, Xaa1 and 
Xaa2 are each phenylalanine structures or Xaa2 and Xaa3 are 
each phenylalanine structures. “n” can be, for example, an 
integer betWeen 1 and 5, Whereas “a” and “b” can be, for 
eXample, integers betWeen 1 and 5. The modifying group 
“A” preferably comprises a cyclic, heterocyclic or polycy 
clic group. More preferably, A contains a cis-decalin group, 
such as cholanoyl structure or a cholyl group In other 
embodiments, A can comprise a biotin-containing group, a 
diethylene-triaminepentaacetyl group, a (—)-menthoXyacetyl 
group, a ?uorescein-containing group or an N-acetyl 
neuraminyl group. In yet other embodiments, the compound 
may promotes aggregation of natural [3-amyloid peptides 
When contacted With the natural [3-amyloid peptides, may be 
further modi?ed to alter a pharmacokinetic property of the 
compound or may be further modi?ed to label the compound 
With a detectable substance. 

[0148] In another embodiment, the invention provides a 
[3-amyloid modulator compound comprising a formula: 

[0149] Wherein Xaal, Xaa2 and Xaa3 are each amino 
acid structures and at least tWo of Xaal, Xaa2 and 
Xaa3 are, independently, selected from the group 
consisting of a leucine structure, a phenylalanine 
structure and a valine structure; 

[0150] Y, Which may or may not be present, is a 
peptidic structure having the formula (Xaa)a, 
Wherein Xaa is any amino acid structure and a is an 
integer from 1 to 15; 

[0151] Z, Which may or may not be present, is a 
peptidic structure having the formula (Xaa)b, 
Wherein Xaa is any amino acid structure and b is an 
integer from 1 to 15; and 

[0152] A and B, at least one of Which is present, are 
modifying groups attached directly or indirectly to 
the amino terminus and carboXy terminus, respec 
tively, of the compound; 

[0153] Xaal, Xaaz, Xaa3, Y, Z, A and B being 
selected such that the compound modulates the 
aggregation or inhibits the neurotoXicity of natural 
[3-amyloid peptides When contacted With the natural 
[3-amyloid peptides. 

[0154] Preferably, the compound inhibits aggregation of 
natural [3-amyloid peptides When contacted With the natural 
[3-amyloid peptides. In preferred embodiments, Xaa1 and 
Xaa2 are each phenylalanine structures or Xaa2 and Xaa3 are 
each phenylalanine structures. In one subembodiment, the 
compound comprises the formula: 

[0155] In another subembodiment, the compound com 
prises the formula: 

(Y)—Xaa1—Xaa2-Xaa3—(Z)—B 
[0156] “n” can be, for eXample, an integer betWeen 1 and 
5, Whereas “a” and “b” can be, for example, integers 
betWeen 1 and 5. The modifying group “A” preferably 
comprises a cyclic, heterocyclic or polycyclic group. More 
preferably, Acontains a cis-decalin group, such as cholanoyl 
structure or a cholyl group In other embodiments, A can 
comprise a biotin-containing group, a diethylene-triamine 

Jul. 25, 2002 

pentaacetyl group, a (—)-menthoXyacetyl group, a ?uores 
cein-containing group or an N-acetylneuraminyl group. In 
yet other embodiments, the compound may promote aggre 
gation of natural [3-amyloid peptides When contacted With 
the natural [3-amyloid peptides, may be further modi?ed to 
alter a pharmacokinetic property of the compound or may be 
further modi?ed to label the compound With a detectable 
substance. 

[0157] In preferred speci?c embodiments, the invention 
provides a [3-amyloid modulator compound comprising a 
modifying group attached directly or indirectly to a peptidic 
structure, Wherein the peptidic structure comprises amino 
acid structures having an amino acid sequence selected from 
the group consisting of His-Gln-Lys-Leu-Val-Phe-Phe-Ala 
(SEQ ID NO: 5), His-Gln-Lys-IJeu-Val-Phe-Phe (SEQ ID 
NO: 6), Gln-Lys-Leu-Val-Phe-Phe-Ala (SEQ ID NO: 7), 
Gln-Lys-Leu-Val-Phe-Phe (SEQ ID NO: 8), Lys-Leu-Val 
Phe-Phe-Ala (SEQ ID NO: 9), Lys-Leu-Val-Phe-Phe (SEQ 
ID NO: 10), Leu-Val-Phe-Phe-Ala (SEQ ID NO: 11), Leu 
Val-Phe-Phe (SEQ ID NO: 12), Leu-Ala-Phe-Phe-Ala (SEQ 
ID NO: 13), Val-Phe-Phe (SEQ ID NO: 19), Phe-Phe-Ala 
(SEQ ID NO: 20), Phe-Phe-Val-Leu-Ala (SEQ ID NO: 21), 
Leu-Val-Phe-Phe-Lys (SEQ ID NO: 22), Leu-Val-Iodoty 
rosine-Phe-Ala (SEQ ID NO: 23), Val-Phe-Phe-Ala (SEQ 
ID NO: 24), Ala-Val-Phe-Phe-Ala (SEQ ID NO: 25), Leu 
Val-Phe-Iodotyrosine-Ala (SEQ ID NO: 26), IJeu-Val-Phe 
Phe-Ala-Glu (SEQ ID NO: 27), Phe-Phe-Val-Leu (SEQ ID 
NO: 28), Phe-Lys-Phe-Val-Leu (SEQ ID NO: 29), Lys-Leu 
Val-Ala-Phe (SEQ ID NO: 30), Lys-Leu-Val-Phe-Phe-[3Ala 
(SEQ ID NO: 31) and Leu-Val-Phe-Phe-DAla (SEQ ID NO: 
32). 
[0158] These speci?c compounds can be further modi?ed 
to alter a pharmacokinetic property of the compound and/or 
further modi?ed to label the compound With a detectable 
substance. 

[0159] The modulator compounds of the invention can be 
incorporated into pharmaceutical compositions (described 
further in subsection V beloW) and can be used in detection 
and treatment methods as described further in subsection VI 
beloW. 

[0160] 
[0161] Within a modulator compound of the invention, a 
peptidic structure (such as an AB derived peptide, or an AB 
aggregation core domain, or an amino acid sequence corre 
sponding to a rearranged AB aggregation core domain) is 
coupled directly or indirectly to at least one modifying group 
(abbreviated as MG). In one embodiment, a modulator 
compounds of the invention comprising an aggregation core 
domain coupled to a modifying group, the compound can be 
illustrated schematically as MG-ACD. The term “modifying 
group” is intended to include structures that are directly 
attached to the peptidic structure (e.g., by covalent cou 
pling), as Well as those that are indirectly attached to the 
peptidic structure (e.g., by a stable non-covalent association 
or by covalent coupling to additional amino acid residues, or 
mimetics, analogues or derivatives thereof, Which may ?ank 
the AB-derived peptidic structure). For eXample, the modi 
fying group can be coupled to the amino-terminus or car 
boXy-terminus of an A[3-derived peptidic structure, or to a 
peptidic or peptidomimetic region ?anking the core domain. 
Alternatively, the modifying group can be coupled to a side 
chain of at least one amino acid residue of an AB-derived 

II. Modifying Groups 
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peptidic structure, or to a peptidic or peptidomimetic region 
?anking the core domain (e.g., through the epsilon amino 
group of a lysyl residue(s), through the carboxyl group of an 
aspartic acid residue(s) or a glutamic acid residue(s), 
through a hydroxy group of a tyrosyl residue(s), a serine 
residue(s) or a threonine residue(s) or other suitable reactive 
group on an amino acid side chain). Modifying groups 
covalently coupled to the peptidic structure can be attached 
by means and using methods Well knoWn in the art for 
linking chemical structures, including, for example, amide, 
alkylamino, carbamate or urea bonds. 

[0162] The term “modifying group” is intended to include 
groups that are not naturally coupled to natural AB peptides 
in their native form. Accordingly, the term “modifying 
group” is not intended to include hydrogen. The modifying 
group(s) is selected such that the modulator compound 
alters, and preferably inhibits, aggregation of natural [3-amy 
loid peptides When contacted With the natural [3-amyloid 
peptides or inhibits the neurotoxicity of natural [3-amyloid 
peptides When contacted With the natural [3-amyloid pep 
tides. Although not intending to be limited by mechanism, 
the modifying group(s) of the modulator compounds of the 
invention is thought to function as a key pharmacophore 
Which is important for conferring on the modulator the 
ability to disrupt AB polymeriZation. 

[0163] In a preferred embodiment, the modifying group(s) 
comprises a cyclic, heterocyclic or polycyclic group. The 
term “cyclic group”, as used herein, is intended to include 
cyclic saturated or unsaturated (i.e., aromatic) group having 
from about 3 to 10, preferably about 4 to 8, and more 
preferably about 5 to 7, carbon atoms. Exemplary cyclic 
groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclo 
hexyl, and cyclooctyl. Cyclic groups may be unsubstituted 
or substituted at one or more ring positions. Thus, a cyclic 
group may be substituted With, e.g., halogens, alkyls, 
cycloalkyls, alkenyls, alkynyls, aryls, heterocycles, 
hydroxyls, aminos, nitros, thiols amines, imines, amides, 
phosphonates, phosphines, carbonyls, carboxyls, silyls, 
ethers, thioethers, sulfonyls, sulfonates, selenoethers, 
ketones, aldehydes, esters, —CF3, —CN, or the like. 

[0164] The term “heterocyclic group” is intended to 
include cyclic saturated or unsaturated (i.e., aromatic) group 
having from about 3 to 10, preferably about 4 to 8, and more 
preferably about 5 to 7, carbon atoms, Wherein the ring 
structure includes about one to four heteroatoms. Heterocy 
clic groups include pyrrolidine, oxolane, thiolane, imida 
Zole, oxaZole, piperidine, piperaZine, morpholine. The het 
erocyclic ring can be substituted at one or more positions 
With such substituents as, for example, halogens, alkyls, 
cycloalkyls, alkenyls, alkynyls, aryls, other heterocycles, 
hydroxyl, amino, nitro, thiol, amines, imines, amides, phos 
phonates, phosphines, carbonyls, carboxyls, silyls, ethers, 
thioethers, sulfonyls, selenoethers, ketones, aldehydes, 
esters, —CF3, —CN, or the like. Heterocycles may also be 
bridged or fused to other cyclic groups as described beloW. 

[0165] The term “polycycdic group” as used herein is 
intended to refer to tWo or more saturated or unsaturated 

(i.e., aromatic) cyclic rings in Which tWo or more carbons are 
common to tWo adjoining rings, e.g., the rings are “fused 
rings”. Rings that are joined through non-adj acent atoms are 
termed “bridged” rings. Each of the rings of the polycyclic 
group can be substituted With such substituents as described 
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above, as for example, halogens, alkyls, cycloalkyls, alk 
enyls, alkynyls, hydroxyl, amino, nitro, thiol, amines, imi 
nes, amides, phosphonates, phosphines, carbonyls, car 
boxyls, silyls, ethers, thioethers, sulfonyls, selenoethers, 
ketones, aldehydes, esters, —CF3, —CN, or the like. 
[0166] Apreferred polycyclic group is a group containing 
a cis-decalin structure. Although not intending to be limited 
by mechanism, it is thought that the “bent” conformation 
conferred on a modifying group by the presence of a 
cis-decalin structure contributes to the ef?cacy of the modi 
fying group in disrupting AB polymeriZation. Accordingly, 
other structures Which mimic the “bent” con?guration of the 
cis-decalin structure can also be used as modifying groups. 
An example of a cis-decalin containing structure that can be 
used as a modifying group is a cholanoyl structure, such as 
a cholyl group. For example, a modulator compound can be 
modi?ed at its amino terminus With a cholyl group by 
reacting the aggregation core domain With cholic acid, a bile 
acid, as described in Example 4 (the structure of cholic acid 
is illustrated in FIG. 2). Moreover, a modulator compound 
can be modi?ed at its carboxy terminus With a cholyl group 
according to methods knoWn in the art (see e.g., Wess, G. et 
al. (1993) Tetrahedron Letters, 34:817-822; Wess, G. et al. 
(1992) Tetrahedron Letters 331195-198; and Kramer, W. et 
al. (1992) J. Biol. Chem. 267:18598-18604). Cholyl deriva 
tives and analogues can also be used as modifying groups. 
For example, a preferred cholyl derivative is Aic (3-(O 
aminoethyl-iso)-cholyl), Which has a free amino group that 
can be used to further modify the modulator compound (e. g., 
a chelation group for 99mTc can be introduced through the 
free amino group of Aic). As used herein, the term “chol 
anoyl structure” is intended to include the cholyl group and 
derivatives and analogues thereof, in particular those Which 
retain a four-ring cis-decalin con?guration. Examples of 
cholanoyl structures include groups derived from other bile 
acids, such as deoxycholic acid, lithocholic acid, ursode 
oxycholic acid, chenodeoxycholic acid and hyodeoxycholic 
acid, as Well as other related structures such as cholanic acid, 
bufalin and resibufogenin (although the latter tWo com 
pounds are not preferred for use as a modifying group). 
Another example of a cis-decalin containing compound is 
5[3-cholestan-3ot-ol (the cis-decalin isomer of (+)-dihydro 
cholesterol). For further description of bile acid and steroid 
structure and nomenclature, see Nes, W. R. and McKean, M. 
L. Biochemistry of Steroids and Other Isopentanoids, Uni 
versity Park Press, Baltimore, Md., Chapter 2. 
[0167] In addition to cis-decalin containing groups, other 
polycyclic groups may be used as modifying groups. For 
example, modifying groups derived from steroids or [3-lac 
tams may be suitable modifying groups. Moreover, non 
limiting examples of some additional cyclic, heterocyclic or 
polycyclic compounds Which can be used to modify an 
AB-derived peptidic structure are shoWn schematically in 
FIG. 2. In one embodiment, the modifying group is a 
“biotinyl structure”, Which includes biotinyl groups and 
analogues and derivatives thereof (such as a 2-iminobiotinyl 
group). In another embodiment, the modifying group can 
comprise a “?uorescein-containing group”, such as a group 
derived from reacting an A[3-derived peptidic structure With 
S-(and 6-)-carboxy?uorescein, succinimidyl ester or ?uo 
rescein isothiocyanate. In various other embodiments, the 
modifying group(s) can comprise an N-acetylneuraminyl 
group, a trans-4-cotininecarboxyl group, a 2-imino-1-imi 
daZolidineacetyl group, an (S)-(—)-indoline-2-carboxyl 
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group, a (—)-menthoxyacetyl group, a 2-norbornaneacetyl 
group, a y-oxo-5-acenaphthenebutyryl, a (—)-2-oxo-4-thia 
Zolidinecarboxyl group, a tetrahydro-3-furoyl group, a 
2-iminobiotinyl group, a diethylenetriaminepentaacetyl 
group, a 4-morpholinecarbonyl group, a 2-thiopheneacetyl 
group or a 2-thiophenesulfonyl group. 

[0168] Preferred modifying groups include groups com 
prising cholyl structures, biotinyl structures, ?uorescein 
containing groups, a diethylene-triaminepentaacetyl group, 
a (—)-menthoxyacetyl group, and a N-acetylneuraminyl 
group. More preferred modifying groups those comprising a 
cholyl structure or an iminiobiotinyl group. 

[0169] In addition to the cyclic, heterocyclic and polycy 
clic groups discussed above, other types of modifying 
groups can be used in a modulator of the invention. For 
example, small hydrophobic groups may be suitable modi 
fying groups. An example of a suitable non-cyclic modify 
ing group is an acetyl group. 

[0170] Yet another type of modifying group is a compound 
that contains a non-natural amino acid that acts as a beta-turn 
mimetic, such as a dibenZofuran-based amino acid described 
in Tsang, K. Y. et al. (1994) J. Am. Chem. Soc. 116:3988 
4005; DiaZ, H and Kelly, J. W. (1991) Tetrahedron Letters 
41:5725-5728; and DiaZ. H et al. (1992) J. Am. Chem. Soc. 
114:8316-8318. An example of such a modifying group is a 
peptide-aminoethyldibenZofuranyl-proprionic acid (Adp) 
group (e.g., DDIIL-Adp). This type of modifying group 
further can comprise one or more N-methyl peptide bonds to 
introduce additional steric hindrance to the aggregation of 
natural [3-AP When compounds of this type interact With 
natural [3-AP. 

[0171] III. Additional Chemical Modi?cations of AD 
Modulators 

[0172] A [3-amyloid modulator compound of the invention 
can be further modi?ed to alter the speci?c properties of the 
compound While retaining the ability of the compound to 
alter AB aggregation and inhibit AB neurotoxicity. For 
example, in one embodiment, the compound is further 
modi?ed to alter a pharmacokinetic property of the com 
pound, such as in vivo stability or half-life. In another 
embodiment, the compound is further modi?ed to label the 
compound With a detectable substance. In yet another 
embodiment, the compound is further modi?ed to couple the 
compound to an additional therapeutic moiety. Schemati 
cally, a modulator of the invention comprising an AB aggre 
gation core domain coupled directly or indirectly to at least 
one modifying group can be illustrated as MG-ACD, 
Whereas this compound Which has been further modi?ed to 
alter the properties of the modulator can be illustrated as 
MG-ACD-CM, Wherein CM represents an additional chemi 
cal modi?cation. 

[0173] To further chemically modify the compound, such 
as to alter the pharmacokinetic properties of the compound, 
reactive groups can be derivatiZed. For example, When the 
modifying group is attached to the amino-terminal end of the 
aggregation core domain, the carboxy-terminal end of the 
compound can be further modi?ed. Preferred C-terminal 
modi?cations include those Which reduce the ability of the 
compound to act as a substrate for carboxypeptidases. 
Examples of preferred C-terminal modi?ers include an 
amide group, an ethylamide group and various non-natural 
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amino acids, such as D-amino acids and [3-alanine. Alterna 
tively, When the modifying group is attached to the carboxy 
terminal end of the aggregation core domain, the amino 
terminal end of the compound can be further modi?ed, for 
example, to reduce the ability of the compound to act as a 
substrate for aminopeptidases. 

[0174] A modulator compound can be further modi?ed to 
label the compound by reacting the compound With a 
detectable substance. Suitable detectable substances include 
various enZymes, prosthetic groups, ?uorescent materials, 
luminescent materials and radioactive materials. Examples 
of suitable enZymes include horseradish peroxidase, alkaline 
phosphatase, [3-galactosidase, or acetylcholinesterase; 
examples of suitable prosthetic group complexes include 
streptavidin/biotin and avidinibiotin; examples of suitable 
?uorescent materials include umbelliferone, ?uorescein, 
?uorescein isothiocyanate, rhodamine, dichlorotriaZiny 
lamine ?uorescein, dansyl chloride or phycoerythrin; an 
example of a luminescent material includes luminol; and 
examples of suitable radioactive material include 14C, 1231, 
1241, 1251, 1311, 99mTc, 35S or 3H. In a preferred embodiment, 
a modulator compound is radioactively labeled With 14C, 
either by incorporation of 14C into the modifying group or 
one or more amino acid structures in the modulator com 
pound. Labeled modulator compounds can be used to assess 
the in vivo pharmacokinetics of the compounds, as Well as 
to detect AB aggregation, for example for diagnostic pur 
poses. A[3 aggregation can be detected using a labeled 
modulator compound either in vivo or in an in vitro sample 
derived from a subject. 

[0175] Preferably, for use as an in vivo diagnostic agent, 
a modulator compound of the invention is labeled With 
radioactive technetium or iodine. Accordingly, in one 
embodiment, the invention provides a modulator compound 
labeled With technetium, preferably 99mTc. Methods for 
labeling peptide compounds With technetium are knoWn in 
the art (see e.g., US. Pat. Nos. 5,443,815, 5,225,180 and 
5,405,597, all by Dean et al.; Stepniak-BiniakieWicZ, D., et 
al. (1992) J. Med. Chem. 35:274-279; FritZberg, A. R., et al. 
(1988) Proc. NatLAcad. Sci. USA 85 :4025-4029; Baidoo, K. 
E., et al. (1990) Cancer Res. Suppl. 50:799s-803s; and 
Regan, L. and Smith, C. K. (1995) Science 270:980-982). A 
modifying group can be chosen that provides a site at Which 
a chelation group for 99mTc can be introduced, such as the 
Aic derivative of cholic acid, Which has a free amino group 
(see Example 11). In another embodiment, the invention 
provides a modulator compound labeled With radioactive 
iodine. For example, a phenylalanine residue Within the AB 
sequence (such as Phe19 or Phezo) can be substituted With 
radioactive iodotyrosyl (see Example 11). Any of the various 
isotopes of radioactive iodine can be incorporated to create 
a diagnostic agent. Preferably, 1231 (half-life=13.2 hours) is 
used for Whole body scintigraphy, 1241 (half life=4 days) is 
used for positron emission tomography (PET), 1251 (half 
life=60 days) is used for metabolic turnover studies and 1311 
(half life=8 days) is used for Whole body counting and 
delayed loW resolution imaging studies. 

[0176] Furthermore, an additional modi?cation of a modu 
lator compound of the invention can serve to confer an 
additional therapeutic property on the compound. That is, 
the additional chemical modi?cation can comprise an addi 
tional functional moiety. For example, a functional moiety 
Which serves to break doWn or dissolve amyloid plaques can 
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be coupled to the modulator compound. In this form, the 
MG-ACD portion of the modulator serves to target the 
compound to A6 peptides and disrupt the polymerization of 
the AB peptides, Whereas the additional functional moiety 
serves to break doWn or dissolve amyloid plaques after the 
compound has been targeted to these sites. 

[0177] In an alternative chemical modi?cation, a [3-amy 
loid compound of the invention is prepared in a “prodrug” 
form, Wherein the compound itself does not modulate AB 
aggregation, but rather is capable of being transformed, 
upon metabolism in vivo, into a [3-amyloid modulator com 
pound as de?ned herein. For example, in this type of 
compound, the modulating group can be present in a prodrug 
form that is capable of being converted upon metabolism 
into the form of an active modulating group. Such a prodrug 
form of a modifying group is referred to herein as a 
“secondary modifying group.” A variety of strategies are 
knoWn in the art for preparing peptide prodrugs that limit 
metabolism in order to optimiZe delivery of the active form 
of the peptide-based drug (see e.g., Moss, J. (1995) in 
Peptide-Based Drug Design: Controlling Transport and 
Metabolism, Taylor, M. D. and Amidon, G. L. (eds), Chapter 
18. Additionally strategies have been speci?cally tailored to 
achieving CNS delivery based on “sequential metabolism” 
(see e.g., Bodor, N., et al (1992) Science 257:1698-1700; 
Prokai, L., et al (1994) J. Am. Chem. Soc. 116:2643-2644; 
Bodor, N. and Prokai, L. (1995) in Peptide-Based Drug 
Design: Controlling Transport and Metabolism, Taylor, M. 
D. and Amidon, G. L. (eds), Chapter 14. In one embodiment 
of a prodrug form of a modulator of the invention, the 
modifying group comprises an alkyl ester to facilitate blood 
brain barrier permeability. 

[0178] Modulator compounds of the invention can be 
prepared by standard techniques knoWn in the art. The 
peptide component of a modulator composed, at least in 
part, of a peptide, can be synthesiZed using standard tech 
niques such as those described in Bodansky, M. Principles 
of Peptide Synthesis, Springer Verlag, Berlin (1993) and 
Grant, G. A(ed.). Synthetic Pentia'es.'A User’s Guide, W. H. 
Freeman and Company, NeW York (1992). Automated pep 
tide synthesiZers are commercially available (e.g., Advanced 
ChemTech Model 396; Milligen/Biosearch 9600). Addition 
ally, one or more modulating groups can be attached to the 
A[3-derived peptidic component (e.g., an AB aggregation 
core domain) by standard methods, for example using meth 
ods for reaction through an amino group (e.g., the alpha 
amino group at the amino-terminus of a peptide), a carboxyl 
group (e. g., at the carboxy terminus of a peptide), a hydroxyl 
group (e.g., on a tyrosine, serine or threonine residue) or 
other suitable reactive group on an amino acid side chain 
(see e.g., Greene, T. W. and Wuts, P. G. M. Protective 
Groups in Organic Synthesis, John Wiley and Sons, Inc., 
New York (1991). Exemplary syntheses of preferred [3 amy 
loid modulators is described further in Examples 1, 4 and 11. 

[0179] IV. Screening Assays 

[0180] Another aspect of the invention pertains to a 
method for selecting a modulator of [3-amyloid aggregation. 
In the method, a test compound is contacted With natural [3 
amyloid peptides, the aggregation of the natural [3-AP is 
measured and a modulator is selected based on the ability of 
the test compound to alter the aggregation of the natural 
[3-AP (e.g., inhibit or promote aggregation). In a preferred 
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embodiment, the test compound is contacted With a molar 
excess amount of the natural [3-AP. The amount and/or rate 
of natural [3-AP aggregation in the presence of the test 
compound can be determined by a suitable assay indicative 
of [3-A[3 aggregation, as described herein (see e.g., Examples 
2, 5 and 6). 

[0181] In a preferred assay, the natural [3-AP is dissolved 
in solution in the presence of the test compound and aggre 
gation of the natural [3-AP is assessed in a nucleation assay 
(see Example 6) by assessing the turbidity of the solution 
over time, as measured by the apparent absorbance of the 
solution at 405 nm (described further in Example 6; see also 
Jarrett et al. (1993) Biochemistry 32:4693-4697). In the 
absence of a [3-amyloid modulator, the A405mm of the solution 
typically stays relatively constant during a lag time in Which 
the [3-AP remains in solution, but then the A405mm of the 
solution rapidly increases as the [3-AP aggregates and comes 
out of solution, ultimately reaching a plateau level (i.e., the 
A405mm of the solution exhibits sigmoidal kinetics over 
time). In contrast, in the presence of a test compound that 
inhibits [3-AP aggregation, the A4051,rn of the solution is 
reduced compared to When the modulator is absent. Thus, in 
the presence of the inhibitory modulator, the solution may 
exhibit an increased lag time, a decreased slope of aggre 
gation and/or a loWer plateau level compared to When the 
modulator is absent. This method for selecting a modulator 
of [3-amyloid polymeriZation can similarly be used to select 
modulators that promote [3-AP aggregation. Thus, in the 
presence of a modulator that promotes B-AP aggregation, 
the A4051,rn of the solution is increased compared to When the 
modulator is absent (e.g., the solution may exhibit an 
decreased lag time, increase slope of aggregation and/or a 
higher plateau level compared to When the modulator is 
absent). 
[0182] Another assay suitable for use in the screening 
method of the invention, a seeded extension assay, is also 
described further in Example 6. In this assay, [3-AP mono 
mer and an aggregated [3-AP “seed” are combined, in the 
presence and absence of a test compound, and the amount of 
[3-?bril formation is assayed based on enhanced emission of 
the dye Thio?avine T When contacted With [3-AP ?brils. 
Moreover, [3-AP aggregation can be assessed by electron 
microscopy (EM) of the [3-AP preparation in the presence or 
absence of the modulator. For example, [3 amyloid ?bril 
formation, Which is detectable by EM, is reduced in the 
presence of a modulator that inhibits [3-AP aggregation (i.e., 
there is a reduced amount or number of [3-?brils in the 
presence of the modulator), Whereas [3 ?bril formation is 
increased in the presence of a modulator that promotes [3-AP 
aggregation (i.e., there is an increased amount or number of 
[3-?brils in the presence of the modulator). 

[0183] An even more preferred assay for use in the screen 
ing method of the invention to select suitable modulators is 
the neurotoxicity assay described in Examples 3 and 10. 
Compounds are selected Which inhibit the formation of 
neurotoxic AB aggregates and/or Which inhibit the neuro 
toxicity of preformed AB ?brils. This neurotoxicity assay is 
considered to be predictive of neurotoxicity in vivo. Accord 
ingly, inhibitory activity of a modulator compound in the in 
vitro neurotoxicity assay is predictive of similar inhibitory 
activity of the compound for neurotoxicity in vivo. 












































