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PATENT DOCKETING The present invention concerns methods and compositions 
2200 WELLS FARGO CENTER of use for treatment of Alzheimer's Disease (AD). In certain 
90 SOUTH 7TH STREET embodiments, the methods concern preparation of phage 
MINNEAPOLIS, MN 55402-3901 (US) display Single chain antibody libraries and Screening against 

21) Appl. No.: 10,902546 amyloid-beta (AB) protein or peptide. Anti-A? antibodies 
(21) Appl. No.: 1902, are Selected and Sequenced. In certain embodiments, Syn 
(22) Filed: Jul. 29, 2004 thetic AB binding peptides are designed and prepared, using 

portions of the anti-AB antibody Sequences. The antibodies 
Publication Classification and peptides are of use for treatment of AD or for treatment 

(51) Int. Cl of individuals at risk of developing AD. Compositions 
C40B 30/06 (2006.01) comprising anti-AB antibodies or AB binding peptides are 
A6 IK 38/17 (2006.01) also disclosed. 
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FIG. 6 
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COMPOSITIONS AND METHODS FOR 
ALZHEMERS DISEASE 

RELATED APPLICATIONS 

0001. This application is a continuation-in-part of U.S. 
patent application Ser. No. , filed Jul. 20, 2004, 
entitled “Compositions and Methods for Alzheimer's Dis 
ease,” Express Mail No. EV 415483963 US, Attorney 
Docket No. 306591, by Manucharyan and Gevorgyan. 

GOVERNMENT RIGHTS 

0002 This invention was supported, in part, by grant 
AG20227 from the National Institutes of Health, (National 
Institute of Aging). The United States government may have 
certain rights in the invention. 

FIELD OF THE INVENTION 

0003. The present invention concerns methods and com 
positions of use for the treatment of Alzheimer's disease 
(AD) in Subjects, particularly in human Subjects. In certain 
embodiments, the methods may comprise exposure of 
phage-displayed human antibodies, Such as Single-chain Fv 
(ScFv) antibodies, to a human amyloid-beta (AB42) peptide 
and selection of anti-AB42 antibodies. In other embodi 
ments, the compositions may comprise anti-AB42 antibod 
ies, for example that have been prepared by the disclosed 
methods. In still other embodiments, the compositions may 
comprise one or more Synthetic peptides, peptide mimetics 
and/or peptide analogs containing one or more amino acid 
Sequences Selected from one or more anti-AB42 antibodies. 
Methods of therapeutic treatment of a Subject may comprise 
administration of anti-AB42 peptides, peptide analogs and/ 
or peptide mimetics containing one or more amino acid 
Sequences Selected from one or more anti-A842 antibodies 
to a subject with AD or a subject at risk of developing AD. 

DESCRIPTION OF RELATED ART 

0004 The accumulation of amyloid-beta (AB) peptide in 
the brain and its deposition as plaques has been hypoth 
eSized to play a central role in the neuropathology of 
Alzheimer's Disease (AD) (Selkoe, 2001; Thorsett and 
Latimer, 2000; Klein et al., 2001). Neurons in the brain 
produce AB fragments from a larger precursor molecule 
named amyloid precursor protein (APP). When released 
from the cell, AB fragments may accumulate in extracellular 
amyloid plaques. It appears that not only the well-known AB 
amyloid fibrils but much smaller soluble forms of aggre 
gated Affragments (protofibrils and Small oligomers), that 
escape detection by methods suitable for fibrils, are involved 
in the pathogenesis of AD (Klein et al., 2001). This explains 
the poor correlation between fibrillar amyloid load and 
disease progression. 
0005 AB fragments are generated through the action of 
Specific proteases within the cell. The most important among 
these enzymes are beta- and gamma-Secretase. It has been 
proposed that Small compounds that cross the blood-brain 
barrier (BBB) and decrease but do not eliminate either beta 
or gamma-Secretase activity may be of use for therapies in 
the early clinical phases of AD. But interfering with normal 
metabolic reactions of the organism, Such as the action of 
beta- and gamma-Secretase, is not desirable, and an alter 
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native approach that targets a Specific pathological event, AB 
deposition, would be more appropriate for effective treat 
ment and prevention of AD. 

0006 There are previous reports of efforts to find com 
pounds that Selectively destroy AB plaques. Thus, it was 
reported that nitrophenols inhibited the aggregation of AB in 
Vitro and caused disaggregation of previously formed amy 
loid fibrils (Feliche et al., 2001). Also, nitrophenols pro 
tected rat hippocampal neurons in culture from the neuro 
toxic effect of AB and inhibited the formation of AB deposits 
in rat hippocampi in an in Vivo model System of cerebral 
amyloid deposits (Feliche et al., 2001). Fassbender et al. 
(2001) showed that the cholesterol-lowering drugs, simvas 
tatin and lovastatin, reduce intracellular and extracellular 
levels of AB in primary cultures of hippocampal neurons and 
mixed cortical neurons, and that guinea pigs treated with 
high doses of Simvastatin showed a strong and reversible 
reduction of cerebral AB. None of these compounds to date 
has provided an effective treatment or cure for human AD. 
0007 Alzheimer-type neuropathology has been observed 
in transgenic mice in which transgenes for human APP 
provided elevated brain levels of AB. Experiments using this 
mouse model of AD (PDAPP transgenic mouse model) have 
been used to investigate many questions related to AB and 
AD. Thus, it has been shown that immunization of PDAPP 
mice with AB peptide Significantly reduced amyloid depo 
Sition and certain AD-like neuropathological features in old 
mice, and also essentially prevented amyloid formation, 
neuritic dystrophy and astrogliosis in young animals 
(Schenk et al., 1999; Janus et al., 2000; Morgan et al., 2000). 
0008. These results suggested that the immunization with 
AB may be effective in preventing and treating AD. JanuS 
and collaborators showed that AB immunization reduced 
both deposition of cerebral fibrillar AB and cognitive dys 
function in the TgCRND8 murine model of AD (a mutant, 
K670N/M671L and V717F, human BAPPs transgene 
expressed under the regulation of the Syrian hamster prion 
promoter on a C3H/B6 strain background) (Janus et al., 
2000). Another study on AB immunization was performed 
by Morgan et al (2000). Those authors demonstrated that 
vaccination of transgenic mice with AB protected them from 
the learning and age-related memory deficits that normally 
occur in this mouse model of AD. The AB-vaccinated mice 
also exhibited a partial reduction in amyloid burden at the 
end of the Study. These cumulative data Suggest the use of 
AB immunization as a therapeutic approach that may pre 
vent and, possibly, treat AD. However, in human clinical 
trials with A42 immunization, Some patients developed 
Symptoms of brain inflammation and the phase 2A clinical 
trial was halted (Munch and Robinson, 2002). More recent 
results Suggest that patients who developed significant anti 
body titers against AB42 did not demonstrate cognitive 
decline (Hocket al., 2003). 
0009. In the studies mentioned above a whole AB peptide 
incubated overnight in buffer was used for immunization of 
mice. Such AB Solutions typically contain amyloid fibrils 
together with a mixture of Smaller aggregates. Because of 
the low immunogenicity of the AB fibrils, repeated antigen 
administrations were required to obtain high levels of anti 
A? antibodies. Moreover, immunizing with toxic fibrils may 
induce more accumulation of the toxic amyloid itself (Mor 
gan et al., 2000). 
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0.010 Attempts to design other immunogens capable of 
inducing anti-AB antibodies with anti-aggregating proper 
ties were made. The first Step in these Studies was the 
identification of epitopes within the whole AB molecule to 
which anti-A? antibodies bind. Both classical synthetic 
peptide and phage display peptide library approaches have 
been applied. Thus, using a phage display peptide library it 
was shown that residues EFRH located at positions 3-6 of 
the N-terminal AB peptide comprised the epitope that was 
found to be the main regulatory site for fibril formation 
(Frenkel et al. 1998). Subsequently, filamentous phages 
displaying EFRH peptide were used as a specific and 
non-toxic immunogen in guinea pigs for the production of 
anti-aggregating antibodies (Frenkel et al., 2000). Those 
authors have shown that Serum antibodies raised against 
EFRH phage prevented the AB neurotoxic effect and disag 
gregated AB fibrils. 

0.011) One of the disadvantages of any active immuniza 
tion procedure is the generation of Very robust immune 
responses, particularly cellular immune response, that may 
not be desirable in an elderly patient population Suffering 
from AD. The hypothesis that passive antibody immuno 
therapy could be more appropriate for these individuals 
promoted efforts towards the generation of antibody 
reagents that are capable of preventing and clearing amyloid 
aggregates. Monoclonal antibodies raised against AB frag 
ments Spanning amino acid residues 1-28, prevented the 
aggregation of AB and disaggregated AB fibrils in vitro 
(Solomon et al., 1996; Solomon et al. 1997). Splenocytes 
from actively immunized mice demonstrated a T-cell pro 
liferative response to AB in vitro, indicating the possible 
involvement of T-cell immunity in the therapeutic effect of 
immunization. 

0012. It has been determined that peripherally adminis 
tered polyclonal and monoclonal antibodies against AB as 
well as their Fab or scFv regions entered the central nervous 
System (CNS) and reduced plaque burden along with reduc 
tion of pathology in a mouse model for AD (Bard et al., 
2000; Frenkel et al., 2000; Bacskai et al., 2002, Kotilinek et 
al., 2002). Those results indicate that in the absence of T-cell 
immunity, antibodies or their fragments are Sufficient to 
decrease amyloid deposition and AD-like pathology via 
classical Fc-dependent phagocytosis or direct disruption of 
both soluble assemblies (Kotilinek et al., 2002) or fibrils of 
A? peptide. In addition, the reduction of brain AB burden by 
peripheral administration of the anti-AB monoclonal anti 
body m266, that was capable of facilitating the clearance of 
AB out of the CNS to plasma, has been reported (DeMattos 
et al., 2001). 
0013 However, in another study passive immunization 
also demonstrated adverse side effects, Such as microhem 
orrhages, after passive administration of mouse monoclonal 
anti-amino terminal AB antibody in APP23 transgenic mice 
(Pfeifer et al., 2002). This mouse model exhibits the age 
related development of amyloid plaques and neurodegen 
eration as well as cerebral amyloid angiopathy (CAA) 
similar to that observed in the human AD brain (Sturchler 
Pierrat et al., 1997; Calhoun et al., 1999). A possible link 
may exist between adverse side effects noted in APP23 
transgenic mice and neuroinflammatory complications of 
immunization Seen in a human trial. Thus, a need exists for 
an AD therapy that would be effective to inhibit or reverse 
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formation of AB fibrils in the brain, while exhibiting reduced 
Side effects compared to presently available immunothera 
pies. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014. The following drawings form part of the present 
Specification and are included to further illustrate certain 
aspects of the present invention. The invention may be better 
understood by reference to one or more of these drawings in 
combination with the detailed description of Specific 
embodiments presented herein. 
0.015 FIG.1. ELISAbinding of AB42 with selected scFv 
antibody bearing phage. Phage clones were added to the 
Af42-coated wells. Bound phage was detected using HRP 
conjugated anti-M13 monoclonal antibody. Wild-type phage 
was used as a negative control. Mouse anti-A842 Serum was 
used as a positive control and showed ODos=2.29+0.022. 
0016 FIG. 2. ELISA analysis of binding of two phage 
displayed scFv antibodies to AB42 (wild-type as well as to 
mutant AB42 containing the Flemish or Dutch mutations) 
and AB1-28. Phage expressing human scFv antibodies (b4.4 
and b4.6) were added to plates coated with the different 
human AB-peptides or a non-related control peptide. Wild 
type phage (M13) was used as a negative control. Mouse 
anti-AB42 Serum was used as a positive control and showed 
ODos=2.29+0.022. Data are means-SE of 3 independent 
experiments. Differences between binding of b4.4 and M13 
to all four A? peptides were statistically significant (p<0.05). 
Differences between binding of b4.6 and M13 to wild-type 
and Flemish mutation AB42 were Statistically significant 
(p<0.05), but no statistically significant differences for bind 
ing to AB1-28 and Dutch mutation AB42 were observed. 
0017 FIG.3. Binding of HCDR3-derived synthetic pep 
tides to AB42 in ELISA. Biotinylated A342 was added to 
plates coated with HCDR3-derived synthetic peptides N44 
(a peptide without cysteine) and C44 (a peptide containing 
two cysteines, in cyclic form). GM15 is a non-related cyclic 
peptide that was used as a negative control. Also, Scra4 
peptide in cyclic form was used as a negative control and 
demonstrated an ODos=0.25+0.03. Data are means-SE of 3 
independent experiments. Differences between binding of 
Af342 to cyclic C44 and linear N44 or control non-related 
cyclic GM15 were statistically significant (p<0.05). 
0018 FIG. 4. Binding of HCDR3-derived peptide con 
taining two cysteines in either reduced or oxidized form to 
AB42. The cyclic peptide was treated with B-mercaptoetha 
nol and the linear peptide was first air oxidated and Subse 
quently this oxidated aliquot was treated with B-mercapto 
ethanol. Data are meansitSE of 3 independent experiments. 
Difference between binding of AB42 to C44 in cyclic and 
linear forms (i.e. in the presence of beta-mercaptoethanol) 
was statistically significant (p<0.05). Also, difference 
between binding of AB42 to oxidized and Subsequently 
reduced linear C44 was statistically significant (p<0.05). 
0019 FIG. 5. Competition assay measuring the inhibi 
tion of binding of biotinylated AB42 to cyclic C44 in the 
presence of cyclic C44 or linear N44. Competition was not 
observed when the linear N44 was added to the PBS/1% 
BSA/A342 solution. Addition of cyclic C44 to AB42 in 
Solution inhibited, in a dose dependent manner, the binding 
of AB42 to immobilized cyclic C44. 
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0020 FIG. 6. Effect of HCDR3-derived synthetic pep 
tides on AB42-induced neurotoxicity. At 6 DIV hippocampal 
cultures were exposed to AB42 peptide in the presence or 
absence of the synthetic peptides N44 and C44. N44 and 
C44 were also incubated with hippocampal cultures alone 
for 48 h. At the end of the experiment cell viability was 
assessed by the MTT reduction assay. Data presented are 
means--SE of 4 independent experiments. Differences 
between the C44 in cyclic or linear form and AB42 alone or 
N44 were statistically significant (p<0.05). Difference 
between cyclic and linear C44 was not statistically signifi 
Cant. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

Definitions 

0021 AS used herein, “a” or “an” may mean one or more 
than one of an item. 

0022. As used herein, a “subject” refers generally to a 
mammal. In certain embodiments, the Subject is a human. 

0023. As used herein, “about” means plus or minus ten 
percent. For example, “about 100” would refer to a number 
between 90 and 110. 

0024. As used herein, “ameliorate” means to decrease the 
Severity of Symptoms of a disease or condition; to make 
better or become better; to improve. The skilled artisan will 
realize that a method of treatment and/or the administration 
of a composition may act beneficially to ameliorate the 
Symptoms of a disease or condition, without eliminating or 
curing the disease or condition. In Some cases, the method 
and/or administration may act to delay the onset of the 
disease or condition, and/or reduce the probability of the 
disease or condition occurring, and/or may delay or diminish 
the progression of the disease or condition from a milder 
form to a more Severe form. 

Generation of Anti-AB Binding Peptides for Treatment of 
AD in Humans 

0.025. It was nearly 100 years ago when Behring and 
Kitasato first reported the passive immunotherapy tech 
nique, and 25 years ago when Kohler and Milstein devel 
oped hybridoma technology for monoclonal antibody pro 
duction. However, until very recently, there have been few 
antibody-based products available for immunotherapy. This 
delay may be, in part, explained by the fact that mouse 
antibodies trigger a human anti-mouse antibody response. 
Chimeric and humanized recombinant antibodies have been 
constructed and are in clinical trials. 

0026. Since the pathological effects of AB are confined 
only to the central nervous system (CNS), there is another 
requirement for antibodies to be used for AD therapy. It is 
necessary to overcome the low permeability of the blood 
brain barrier (BBB) and target anti-aggregating antibodies to 
the AB aggregates in brain. Antibody engineering methods 
may be applied to minimize the size of antibodies while 
maintaining their Specific function. Currently, the most 
frequently used fragments of antibodies are the Fab frag 
ments made by the association of the whole light chain and 
the Fd chain of the immunoglobulin molecule; and Single 
chain Fv (scFv) fragment which is obtained by association 
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of the variable domains of the heavy chain and the light 
chain of the immunoglobulin molecule and a flexible peptide 
linker of 15-20 residues. 

0027. In the last decade, antibody phage display and 
bacterial expression Systems gave rise to many recombinant 
antibodies demonstrating therapeutic properties in various 
disease models. It has been shown that phage may be used 
as gene delivery vehicles. Thus, inhibition of murine leu 
kaemia virus retrotranscription by the intracellular expres 
Sion of a phage-derived anti-reverse transcriptase antibody 
fragment has been shown (Gargano and Cattaneo, 1997). 
Frenkel et al (2000) applied the phage display antibody 
fragment approach to AD Studies. They constructed a single 
chain antibody from variable regions of heavy and light 
chain genes of the parental anti-AB IgM monoclonal anti 
body (Frenkel et al. 2000). By introducing mutations into the 
original Sequence, these authors engineered improved anti 
body variants with anti-aggregating properties similar to the 
parent IgM antibody but with higher affinity and increased 
Storage Stability. 

0028. Another approach for generating scFVs is the selec 
tion of a Specific antibody from a large phage display 
antibody library. Phage display antibody libraries may be 
constructed from immunoglobulin genes derived from a 
wide variety of tissues, including peripheral blood, bone 
marrow and lymph nodes. These tissues are frequently 
obtained from immunologically naive healthy donors. These 
non-immune libraries have been shown to provide specific 
antibodies to a number of disease-related antigens. An 
alternative source of mRNA for the construction of phage 
display antibody libraries are the same tissues but from 
patients who have mounted an immune response to disease 
related antigens. Finally, another approach may be the use of 
animals, generally mice, immunized with an antigen of 
interest, Since in this case the libraries of antibodies may 
contain a larger pool of relevant antibodies which can be 
Selected by panning against the given antigen. Thus, using a 
large naive human ScFv library, human ScFv intrabodies 
counteracting in Situ Huntington aggregation in cellular 
models of Huntington's disease were obtained (Lecerf et al. 
2001). 
0029. For AD, anti-A scFv antibodies are of interest and 
may be applied both extracellularly and intracellularly 
(intrabodies). These scFv can prevent the formation of AB 
aggregates, dissolve existing fibrils, pro-fibrils or oligomers 
as well as, in the case of intrabodies, may interfere with the 
interactions of APP with other factors that are involved in 
directing it into the pathological pathway. Recent Studies 
have demonstrated intraneuronal accumulation and immu 
noreactivity of AB42 and the presence of stable dimers of 
Af342 in neural cells in culture, before their release into the 
medium (Selkoe, 2001; Gouras et al., 2000). These obser 
Vations emphasize the potential therapeutic effect of inter 
nalizing antibodies for prevention of intraneuronal AB42 
aggregation for the treatment of AD. The therapeutic poten 
tial of intrabodies was demonstrated previously for tumor 
specific antibodies (Poul et al. 2000). 
0030 Existing data pointing to a possibility to interfere 
with AD by interfering with AB aggregation. Phage display 
generated antibody fragments may be Selected that are 
capable of penetrating the BBB and targeting AB aggregates 
via extracellular or intracellular approaches. In one embodi 
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ment, the phage display antibody library may be constructed 
using cDNA synthesized from mRNA purified from lymph 
nodes of mice immunized with AB peptide. The main 
advantage of this approach would be the presence in the 
constructed library of anti-A? antibodies with all possible 
Specificities induced by AB immunization. In a previously 
published Study antibodies to a limited number of epitopes 
were evaluated (Manoutcharian et al., 2003, J. Neuroimmu 
nol. 145:12-17). The library of anti-AB scFVs may be affinity 
Selected against biotinylated AB peptide, and the Selected 
phage clones expressing Specific ScFVS evaluated by in vitro 
Thioflavin Tbinding assay for selection of those clones that 
possess anti-aggregating properties. 
0031. The selected molecules may be tested for their 
ability to inhibit AB neurotoxicity in vitro. The amino acid 
Sequences of the inserts of the most positive clones may be 
determined and Synthetic peptides with Sequences of anti 
body complementarity-determining regions (CDRS) may be 
prepared and used as “mini-antibodies'. An immunological 
anti-aggregation approach is a powerful tool for further 
evaluation of the neuropathological events and for therapeu 
tic interference in AD, and is of use to derive molecules with 
anti-aggregating properties in Vivo. 
0.032 Efforts have been made to further screen antibodies 
recognizing other linear or conformational epitopes within 
AB that may be biologically functional without being asso 
ciated with the development of adverse events. This could be 
achieved, for example, by using phage-displayed recombi 
nant antibody fragment (Fab or sclv) libraries that result in 
the generation of a panel of Specific antibodies quickly, 
easily and inexpensively in Vitro. In a previously published 
study (Manout.charian et al., 2003) we reported two AB42 
Specific ScFV antibodies Selected from an immune mouse 
anti-AB42 ScFV phage display library. 
0033. However, all previous studies including that of our 
group on anti-AB antibodies or their fragments utilized 
murine antibodies that could present an obstacle when 
progressing to human trials. In the present disclosure we 
Selected and characterized two new anti-AB phage-dis 
played ScFv antibodies using a non-immune human ScFV 
antibody library. We also synthesized a peptide based on the 
Sequence of Ig heavy chain (V) complementarity-deter 
mining region (CDR3) of the most positive ScFV-expressing 
phage clone and characterized its binding to A342 by 
ELISA. We demonstrated that CDR3-based peptide exhib 
ited the same recognition pattern as the parent antibody 
fragment. In addition, we demonstrated for the first time that 
a CDR3-based peptide had neuroprotective potential against 
AB42 mediated neurotoxicity in hippocampal cultured neu 
rons. Our results show that not only ScFVS recognizing AB42 
but also synthetic peptides based on VCDR3 Sequences of 
these antibodies are novel candidates for Small molecule 
based therapy against AD. 
Phage Display 
0034 Various methods of phage display and methods for 
producing diverse populations of peptides are well known in 
the art. For example, U.S. Pat. Nos. 5,223,409; 5,622,699 
and 6,068,829, the Examples section of each of which is 
incorporated herein by reference, disclose methods for pre 
paring a phage library. The phage display technique involves 
genetically manipulating bacteriophage So that Small pep 
tides can be expressed on their surface (Smith et al., 1985, 
1993). 
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0035. The potential range of applications for this tech 
nique is quite broad, and the recent past has seen consider 
able progreSS in the construction of phage-displayed peptide 
libraries and in the development of Screening methods in 
which the libraries are used to isolate peptide ligands. For 
example, the use of peptide libraries has made it possible to 
characterize interacting sites and receptor-ligand binding 
motifs within many proteins, Such as antibodies involved in 
inflammatory reactions. This method has also been used to 
identify novel peptide ligands that Serve as leads to the 
development of peptidomimetic drugs or imaging agents 
(Arap et al., 1998). In addition to peptides, larger protein 
domains Such as Single-chain antibodies can also be dis 
played on the Surface of phage particles (Arap et al., 1998). 
0036). In various embodiments, a phage display library 
prepared from cDNAS obtained from expressed antibody 
encoding mRNA may be prepared as discussed in the 
Examples and Screened in Vitro against AB protein or 
peptide. One or more rounds of Screening may be performed 
until a population of selective binders is obtained. The 
amino acid Sequence of the peptides is determined by 
Sequencing the DNA corresponding to the peptide insert in 
the phage genome. The identified anti-AB peptide can then 
be produced as a Synthetic peptide by Standard protein 
chemistry techniques (Smith et al., 1985). 
Proteins and Peptides 

0037. In certain embodiments, the present invention con 
cerns novel compositions comprising at least one protein or 
peptide. AS used herein, a protein or peptide generally refers, 
but is not limited to, a protein of greater than about 200 
amino acid; a polypeptide of greater than about 100 amino 
acids; and/or a peptide of from about 3 to about 100 amino 
acids. For convenience, the terms “protein,”“polypeptide' 
and "peptide are used interchangeably herein. 

0038. In certain embodiments the size of the protein or 
peptide may comprise, but is not limited to, 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 
24, 25, 26, 27, 28, 29, 30, 31, 32,33, 34,35,36, 37,38, 39, 
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 
56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 
72, 73,74, 75, 76, 77, 78, 79,80, 81, 82, 83, 84, 85, 86, 87, 
88, 89,90,91, 92,93, 94, 95, 96, 97,98, 99, 100, about 110, 
about 120, about 130, about 140, about 150, about 160, 
about 170, about 180, about 190, about 200, about 210, 
about 220, about 230, about 240, about 250, or greater amino 
acid residues. 

0039. As used herein, an “amino acid residue” refers to 
any naturally occurring amino acid, any amino acid deriva 
tive or any amino acid mimic known in the art. In certain 
embodiments, the residues of the protein or peptide are 
Sequential, without any non-amino acid interrupting the 
Sequence of amino acid residues. In other embodiments, the 
Sequence may comprise one or more non-amino acid moi 
eties. In particular embodiments, the Sequence of residues of 
the protein or peptide may be interrupted by one or more 
non-amino acid moieties. 

0040 Accordingly, the term “protein or peptide' encom 
passes amino acid Sequences comprising at least one of the 
20 common amino acids found in naturally occurring pro 
teins, or at least one modified or unusual amino acid, 
including but not limited to those shown on Table 3 below. 
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TABLE 3 

Modified and Unusual Amino Acids 

Abbr. Amino Acid Abbr. Amino Acid 

Aad 2-Aminoadipic acid EtAsn. N-Ethylasparagine 
Baad 3-Aminoadipic acid Hyl Hydroxylysine 
Bala B-alanine, B-Amino-propionic acid AHyl allo-Hydroxylysine 
Abu 2-Aminobutyric acid 3.Hyp 3-Hydroxyproline 
4Abu 4-Aminobutyric acid, piperidinic 4Hyp 4-Hydroxyproline 

acid 
Acp 6-Aminocaproic acid Ide Isodesmosine 
Ahe 2-Aminoheptanoic acid AIle allo-Isoleucine 
Aib 2-Aminoisobutyric acid MeGly N-Methylglycine, 

sarcosine 
Baib 3-Aminoisobutyric acid MeIle N-Methylisoleucine 
Apm 2-Aminopimelic acid MeLys 6-N-Methyllysine 
Dbu 2,4-Diaminobutyric acid MeVal N-Methylvaline 
Des Desmosine Nwa Norvaline 
Dpm 2,2'-Diaminopimelic acid Nile Norleucine 
Dpr 2,3-Diaminopropionic acid Orn Ornithine 
EtGly N-Ethylglycine 

0041) Proteins or peptides may be made by any technique 
known to those of Skill in the art, including the expression 
of proteins, polypeptides or peptides through Standard 
molecular biological techniques, or the chemical Synthesis 
of proteins or peptides. Alternatively, various commercial 
preparations of proteins, polypeptides and peptides are 
known to those of skill in the art and proteins or peptides of 
specific sequence may be obtained from a variety of com 
mercial vendors known in the art (e.g., Midland Certified 
Reagents, Midland, Tex.). Peptides containing derivatized 
amino acid residues may be prepared by incorporating Such 
residues into the peptide chain during Synthesis. Alterna 
tively, modified amino acid residues may be prepared by 
chemical derivatization after peptide Synthesis, for example 
using Side-chain Specific chemical modifying agents well 
known in the art. 

0042 Peptide Mimetics 
0.043 Another embodiment for the preparation of 
polypeptides according to the invention is the use of peptide 
mimetics. Mimetics are peptide-containing molecules that 
mimic elements of protein Secondary Structure. See, for 
example, Johnson et al., “Peptide Turn Mimetics” in BIO 
TECHNOLOGY AND PHARMACY, Pezzuto et al., Eds., 
Chapman and Hall, New York (1993). The underlying 
rationale behind the use of peptide mimetics is that the 
peptide backbone of proteins exists chiefly to orient amino 
acid Side chains in Such a way as to facilitate molecular 
interactions, Such as those of antibody and antigen. A 
peptide mimetic is expected to permit molecular interactions 
Similar to the natural molecule. These principles may be 
used to engineer Second generation molecules having many 
of the natural properties of the anti-AB binding peptides 
disclosed herein, but with altered and even improved char 
acteristics. 

0044) Fusion Proteins 
0.045. In certain embodiments, the present invention may 
concern fusion proteins. These molecules may have all or a 
Substantial portion of an anti-AB binding peptide, linked at 
the N- or C-terminus, to all or a portion of a Second 
polypeptide or protein. For example, fusions may employ 
leader Sequences from other species to permit the recombi 
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nant expression of a protein in a heterologous host. Inclusion 
of a cleavage Site at or near the fusion junction may be used 
to facilitate removal of the extraneous polypeptide after 
purification. In other cases, a leader Sequence may be 
included to facilitate intracellular targeting of an anti-AB 
binding peptide. Other useful fusions may include linking of 
functional domains, Such as active sites from enzymes or 
transmembrane regions. These examples are not meant to be 
limiting and it is contemplated that within the Scope of the 
present invention virtually any protein or peptide could be 
incorporated into a fusion protein comprising an anti-AB 
binding peptide. Methods of generating fusion proteins are 
well known to those of skill in the art. Such proteins can be 
produced, for example, by chemical attachment using 
bifunctional cross-linking reagents, by de novo Synthesis of 
the complete fusion protein, or by attachment of a DNA 
Sequence encoding the anti-AB binding peptide to a DNA 
Sequence encoding the Second peptide or protein, followed 
by expression of the intact fusion protein. 

0046) Protein Purification 
0047 Certain embodiments may concern isolation and/or 
purification of a protein or peptide, Such as an anti-AB 
binding peptide. Protein purification techniques are well 
known to those of skill in the art. The protein or peptide of 
interest may be purified using chromatographic and electro 
phoretic techniques to achieve partial or complete purifica 
tion (or purification to homogeneity). Analytical methods 
particularly Suited to the preparation of a pure peptide are 
ion-exchange chromatography, gel exclusion chromatogra 
phy, polyacrylamide gel electrophoresis, affinity chromatog 
raphy, immunoaffinity chromatography and isoelectric 
focusing. A particularly efficient method of purifying pep 
tides is fast protein liquid chromatography (FPLC) or even 
HPLC. For short peptides, reverse-phase HPLC may be of 
Sc. 

0048 Various techniques suitable for use in protein puri 
fication are well known to those of skill in the art. These 
include, for example, precipitation with ammonium Sul 
phate, PEG, antibodies and the like, or by heat denaturation, 
followed by: centrifugation; chromatography StepS. Such as 
ion exchange, gel filtration, reverse phase, hydroxylapatite 
and affinity chromatography; isoelectric focusing, gel elec 
trophoresis, and combinations of these and other techniques. 
AS is generally known in the art, it is believed that the order 
of conducting the various purification Steps may be changed, 
or that certain Steps may be omitted, and Still result in a 
Suitable method for the preparation of a Substantially puri 
fied protein or peptide. 

0049. There is no general requirement that the protein or 
peptide always be provided in their most purified State. 
Indeed, it is contemplated that leSS Substantially purified 
products will have utility in certain embodiments. Partial 
purification may be accomplished by using fewer purifica 
tion Steps in combination, or by utilizing different forms of 
the Same general purification Scheme. For example, it is 
appreciated that a cation-exchange column chromatography 
performed utilizing an HPLC apparatus will generally result 
in a greater "-fold' purification than the same technique 
utilizing a low preSSure chromatography System. Methods 
exhibiting a lower degree of relative purification may have 
advantages in total recovery of protein product, or in main 
taining the activity of an expressed protein. 
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0050 Affinity chromatography is a chromatographic pro 
cedure that relies on the Specific affinity between a Substance 
to be isolated and a molecule to which it can Specifically 
bind to. This is a receptor-ligand type of interaction. The 
column material is Synthesized by covalently coupling one 
of the binding partners to an insoluble matrix. The column 
material is then able to Specifically adsorb the Substance 
from the Solution. Elution occurs by changing the conditions 
to those in which binding will not occur (e.g., altered pH, 
ionic strength, temperature, etc.). The matrix should be a 
Substance that itself does not adsorb molecules to any 
Significant extent and that has a broad range of chemical, 
physical and thermal Stability. The ligand should be coupled 
in Such a way as to not affect its binding properties. The 
ligand should also provide relatively tight binding. And it 
should be possible to elute the Substance without destroying 
the Sample or the ligand. For example, AB42 peptide could 
be used to affinity purify antibodies, antibody fragments or 
peptides. 

0051) Synthetic Peptides 

0.052 Because of their relatively small size, the anti-AB 
binding peptides of the invention can be Synthesized in 
Solution or on a Solid Support in accordance with conven 
tional techniques. Various automatic Synthesizers are com 
mercially available and can be used in accordance with 
known protocols. See, for example, Stewart and Young, 
(1984); Tam et al., (1983); Merrifield, (1986); and Barany 
and Merrifield (1979). Short peptide sequences, usually 
from about 6 up to about 35 to 50 amino acids, can be readily 
Synthesized by Such methods. Alternatively, recombinant 
DNA technology may be employed wherein a nucleotide 
Sequence which encodes a peptide of the invention is 
inserted into an expression vector, transformed or trans 
fected into an appropriate host cell, and cultivated under 
conditions Suitable for expression. 

0053 Antibodies 
0.054 The term “antibody' is used to refer to any anti 
body-like molecule that has an antigen binding region, and 
includes antibody fragments Such as Fab', Fab, F(ab'), 
Single domain antibodies (DABs), Fv, ScFv (single chain 
Fv), and the like. Techniques for preparing and using various 
antibody-based constructs and fragments are well known in 
the art. Means for preparing and characterizing antibodies 
are also well known in the art (See, e.g., Antibodies: A 
Laboratory Manual, Cold Spring Harbor Laboratory, 1988). 
In preferred embodiments, monoclonal antibodies are used. 
Antibodies against a wide variety of antigens are available 
from commercial Sources. Alternatively, antibodies against a 
novel target may be prepared as disclosed herein. 
0.055 Antibodies may be prepared using conventional 
immunization techniques, generally known in the art. A 
composition containing antigenic epitopes can be used to 
immunize one or more experimental animals, Such as a 
mouse, which will then produce Specific antibodies against 
the antigens of interest. 
0056 AS is well known in the art, a given composition 
may vary in its immunogenicity. It is often necessary to 
boost the host immune System, as may be achieved by 
coupling a peptide or polypeptide immunogen to a carrier. 
Exemplary carriers are keyhole limpet hemocyanin (KLH) 
and bovine serum albumin (BSA). Other albumins such as 
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ovalbumin or mouse Serum albumin also can be used as 
carriers. Techniques for conjugating a polypeptide to a 
carrier protein are well known in the art and include use of 
croSS-linking reagents Such as glutaraldehyde, m-maleimi 
dobenzoyl-N-hydroxySuccinimide ester, carbodiimide and 
bis-biaZotized benzidine. The immunogenicity of a particu 
lar immunogen composition may also be enhanced by the 
use of non-specific Stimulators of the immune response, 
known as adjuvants. Exemplary adjuvants include complete 
Freund's adjuvant (a non-specific stimulator of the immune 
response containing killed Mycobacterium tuberculosis), 
incomplete Freund's adjuvant and aluminum hydroxide 
adjuvant. 

0057. A variety of routes can be used to administer the 
immunogen (Subcutaneous, intramuscular, intradermal, 
intravenous and intraperitoneal). Booster injections also 
may be given. The process of boosting and titering is 
repeated until a suitable titer is achieved. When a desired 
level of immunogenicity is obtained, the immunized animal 
can be bled and the Serum isolated and Stored, and/or the 
animal can be used to generate monoclonal antibodies. 
0058 Monoclonal antibodies may be readily prepared 
through use of well-known techniques, Such as those exem 
plified in U.S. Pat. No. 4,196,26. Typically, this involves 
immunizing a Suitable animal with a Selected immunogen 
composition. Following immunization, Somatic cells with 
the potential for producing antibodies, Specifically B-lym 
phocytes (B-cells), are selected for use in the mab gener 
ating protocol. These cells may be obtained from biopsied 
Spleens, tonsils or lymph nodes, or from a peripheral blood 
Sample. Spleen cells and peripheral blood cells are preferred, 
the former because they are a rich Source of antibody 
producing cells that are in the dividing plasmablast Stage, 
and the latter because peripheral blood is easily accessible. 
Often, a panel of animals will have been immunized and the 
spleen of the animal with the highest antibody titer will be 
removed and the Spleen lymphocytes obtained by homog 
enizing the Spleen with a Syringe. Typically, a spleen from an 
immunized mouse contains approximately 5x10" to 2x10 
lymphocytes. In various embodiments where mRNAS 
encoding antibody proteins are of use, the mRNAS to be 
used may potentially be obtained from the Spleens or other 
tissueS of immunized animals. 

0059. The techniques described above are exemplary 
only. Immunization techniques generally known in the art 
and Summarized above may be of use to increase the fraction 
of anti-AB antibodies expressed by a host, prior to prepa 
ration of phage-display libraries from the antibody encoding 
mRNAS of the immunized host. As disclosed in the follow 
ing Examples, mRNA fractions encoding antibodies against 
A? protein or peptide may be purified, converted to cDNAS 
and amplified using Standard kit technologies. Such anti 
bodies or anti-body fragments may be prepared following 
immunization of a Subject with the target protein or peptide 
of interest or may alternatively be prepared from naive 
Subjects. 

0060) 
0061. In certain embodiments, the claimed peptides or 
proteins of the present invention may be attached to imaging 
agents of use for imaging and diagnosis of various diseased 
organs or tissues, Such as brain. Many appropriate imaging 
agents are known in the art, as are methods for their 

Imaging Agents and Radioisotopes 
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attachment to proteins or peptides (see, e.g., U.S. Pat. Nos. 
5,021,236 and 4,472,509). Certain attachment methods 
involve the use of a metal chelate complex employing, for 
example, an organic chelating agent Such a DTPA attached 
to the protein or peptide (U.S. Pat. No. 4,472,509). Proteins 
or peptides also may be reacted with an enzyme in the 
presence of a coupling agent Such as glutaraldehyde or 
periodate. 
0062) Non-limiting examples of paramagnetic ions of 
potential use as imaging agents include chromium (III), 
manganese (II), iron (III), iron (II), cobalt (II), nickel (II), 
copper (II), neodymium (III), Samarium (III), ytterbium 
(III), gadolinium (III), vanadium (II), terbium (III), dyspro 
sium (III), holmium (III) and erbium (III), with gadolinium 
being particularly preferred. Ions useful in other contexts, 
Such as X-ray imaging, include but are not limited to 
lanthanum (III), gold (III), lead (II), and especially bismuth 
(III). 
0.063 Radioisotopes of potential use as imaging or thera 
peutic agents include astatine', 'carbon, chromium, 
chlorine, 'cobalt, cobalt, copper", "Eu, gallium'', 
hydrogen, iodine', iodine, iodine'', indium', 'iron, 
phosphorus, rhenium186, rhenium', 'selenium, 35sul 

phur, technicium''" and yttrium ”'. 'I is often being 
preferred for use in certain embodiments, and technicium'" 
and indium'' are also often preferred due to their low 
energy and Suitability for long range detection. 
0.064 Radioactively labeled proteins or peptides of the 
present invention may be produced according to well-known 
methods in the art. For instance, they can be iodinated by 
contact with Sodium or potassium iodide and a chemical 
oxidizing agent Such as Sodium hypochlorite, or an enzy 
matic oxidizing agent, Such as lactoperoxidase. Proteins or 
peptides according to the invention may be labeled with 
technetium-by ligand eXchange process, for example, by 
reducing pertechnate with Stannous Solution, chelating the 
reduced technetium onto a SephadeX column and applying 
the peptide to this column or by direct labeling techniques, 
e.g., by incubating pertechnate, a reducing agent Such as 
SNCl, a buffer Solution Such as Sodium-potassium phthalate 
Solution, and the peptide. Intermediary functional groups 
which are often used to bind radioisotopes which exist as 
metallic ions to peptides are diethylenetriaminepentaacetic 
acid (DTPA) and ethylene diaminetetracetic acid (EDTA). 
Also contemplated for use are fluorescent labels, including 
rhodamine, fluorescein isothiocyanate and renographin. 
0065. In certain embodiments, the claimed anti-AB bind 
ing peptides may be linked to a Secondary binding ligand or 
to an enzyme (an enzyme tag) that will generate a colored 
product upon contact with a chromogenic Substrate. For 
example, the binding peptides may be of use for histologic 
examination of tissue Samples for the presence of AB fibrils. 
Examples of Suitable enzymes include urease, alkaline phos 
phatase, (horseradish) hydrogen peroxidase and glucose 
oxidase. Preferred Secondary binding ligands are biotin and 
avidin or Streptavidin compounds. The use of Such labels is 
well known to those of skill in the art in light and is 
described, for example, in U.S. Pat. Nos. 3,817,837; 3,850, 
752; 3,939,350; 3,996.345; 4,277,437; 4,275,149 and 4,366, 
241. 

Nucleic Acids 

0.066 Nucleic acids of use may encode an anti-AB bind 
ing peptide. The nucleic acid may be derived from comple 
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mentary DNA (cDNA) or synthetic DNA. A “nucleic acid” 
as used herein includes Single-Stranded and double-Stranded 
molecules, as well as DNA, RNA, chemically modified 
nucleic acids and nucleic acid analogs. It is contemplated 
that a nucleic acid within the Scope of the present invention 
may be of 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 
34, 35, 36, 37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 
50, 51, 52, 53, 54, 55, 56, 57,58, 59, 60, 61, 62, 63, 64, 65, 
66, 67, 68, 69, 70, 71, 72,73, 74, 75, 76, 77,78, 79,80, 81, 
82, 83, 84, 85, 86, 87, 88, 89,90,91, 92,93, 94, 95, 96, 97, 
98, 99, 100, about 110, about 120, about 130, about 140, 
about 150, about 160, about 170, about 180, about 190, 
about 200, about 210, about 220, about 230, about 240, 
about 250, about 275, about 300, about 325, about 350, 
about 375, about 400, about 425, about 450, about 475, 
about 500, about 525, about 550, about 575, about 600, 
about 625, about 650, about 675, about 700, about 725, 
about 750, about 775, about 800, about 825, about 850, 
about 875, about 900, about 925, about 950, about 975, 
about 1000 or greater nucleotide residues in length. 
0067. It is contemplated that anti-AB binding peptides 
may be encoded by any nucleic acid Sequence that encodes 
the appropriate amino acid Sequence. The design and pro 
duction of nucleic acids encoding a desired amino acid 
Sequence is well known to those of skill in the art, using 
standardized codon tables (see Table 4 below). In preferred 
embodiments, the codons Selected for encoding each amino 
acid may be modified to optimize expression of the nucleic 
acid in the host cell of interest. Codon preferences for 
various species of host cell are well known in the art. 

TABLE 4 

Amino Acid Codons 

Alanine Ala A. GCAGCC GCG GCU 
Cysteine Cys C UGC UGU 
Aspartic acid Asp D GAC GAU 
Glutamic acid Glu E GAA GAG 
Phenylalanine Phe F UUC UUU 
Glycine Gly G GGA GGC GGG GGU 
Histidine His H CAC CAU 
Isoleucine Ile I AUAAUCAUU 
Lysine Lys K AAAAAG 
Leucine Leu L UUA UUG CUA CUC CUG CUU 
Methionine Met M AUG 
Asparagine Asn N AACAAU 
Proline Pro P CCACCC CCG CCU 
Glutamine Glin O CAA CAG 
Arginine Arg R AGA AGG CGA CGC CGG CGU 
Serine Ser S AGC AGU UCAUCC UCG UCU 
Threonine Thr T ACA ACCACG ACU 
Valine Val V GUAGUC GUG GUU 
Tryptophan Trp W UGG 
Tyrosine Tyr Y UAC UAU 

0068. In addition to nucleic acids encoding the desired 
anti-AB binding peptides, the present invention encom 
passes complementary nucleic acids that hybridize under 
high Stringency conditions with Such coding nucleic acid 
Sequences. High Stringency conditions for nucleic acid 
hybridization are well known in the art. For example, 
conditions may comprise low Salt and/or high temperature 
conditions, such as provided by about 0.02 M to about 0.15 
M. NaCl at temperatures of about 50° C. to about 70° C. It 
is understood that the temperature and ionic Strength of a 
desired Stringency are determined in part by the length of the 
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particular nucleic acid(s), the length and nucleotide content 
of the target Sequence(s), the charge composition of the 
nucleic acid(s), and to the presence or concentration of 
formamide, tetramethylammonium chloride or other Sol 
vent(s) in a hybridization mixture. 
Expression of Proteins or Peptides 
0069. In certain embodiments, it may be desirable to 
make and use an expression vector that encodes and 
expresses a particular anti-AB binding peptide. For rela 
tively short anti-AB binding peptides, it is within the skill in 
the art to design Synthetic DNA sequences encoding a 
Specified amino acid Sequence, using a Standard codon table. 
Genes may be optimized for expression in a particular 
Species of host cell by utilizing well-known codon frequency 
tables for the desired Species. Genes may represent genomic 
DNA sequences, containing both introns and exons, or more 
preferably comprise cDNA sequences, without introns. 
0070 Regardless of the source, a gene of interest can be 
inserted into an appropriate expression System. The gene can 
be expressed in any number of different recombinant DNA 
expression Systems to generate large amounts of the 
polypeptide product, which can then be purified and used in 
various embodiments of the present invention. 
0071 Examples of expression systems known to the 
skilled practitioner in the art include bacteria Such as E. coli, 
yeast Such as Pichia pastoris, baculovirus, and mammalian 
expression Systems. Such as in CoS or CHO cells. Expression 
is not limited to Single cells, but may also include peptide 
production in genetically engineered transgenic animals, 
Such as rats, cows or goats. A complete gene can be 
expressed or, alternatively, fragments of the gene encoding 
portions of polypeptide can be produced. 
0.072 The gene or gene fragment encoding a polypeptide 
may be inserted into an expression vector by Standard 
Subcloning techniques. An E. coli expression vector may be 
used which produces the recombinant peptide as a fusion 
peptide, allowing rapid affinity purification of the protein. 
Examples of Such fusion peptide expression Systems are the 
glutathione S-transferase System (Pharmacia, Piscataway, 
N.J.), the maltose binding protein system (NEB, Beverley, 
Mass.), the FLAG system (IBI, New Haven, Conn.), and the 
6x His system (Qiagen, Chatsworth, Calif.). 
0.073 Some of these systems produce recombinant 
polypeptides bearing only a Small number of additional 
amino acids, which are unlikely to affect the activity or 
binding properties of the recombinant peptide. For example, 
both the FLAG system and the 6x His system add only short 
Sequences. Other fusion Systems are designed to produce 
fusions wherein the fusion partner is easily excised from the 
desired polypeptide. In one embodiment, the fusion partner 
is linked to the recombinant polypeptide by a peptide 
Sequence containing a Specific recognition Sequence for a 
protease. Examples of Suitable Sequences are those recog 
nized by the Tobacco Etch Virus protease (Life Technolo 
gies, Gaithersburg, Md.) or Factor Xa (New England 
Biolabs, Beverley, Mass.). 
0.074 The expression system used may also be one driven 
by the baculovirus polyhedron promoter. The gene encoding 
the polypeptide may be manipulated by Standard techniques 
in order to facilitate cloning into the baculovirus vector. One 
baculovirus vector is the pBlueBac vector (Invitrogen, Sor 
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rento, Calif.). The vector carrying the gene for the polypep 
tide is transfected into Spodoptera frugiperda (Sf9) cells by 
Standard protocols, and the cells are cultured and processed 
to produce the recombinant protein. See SummerS et al., A 
Manual of Methods for Baculovirus Vectors and Insect Cell 
Culture Procedures, Texas Agricultural Experimental Sta 
tion; U.S. Pat. No. 4,215,051. 

0075. As an alternative to recombinant polypeptides, 
Synthetic peptides corresponding to Short peptides of interest 
may be prepared. Such peptides are at least Six amino acid 
residues long, and may contain up to approximately 35-50 
residues, and may be Synthesized using automated peptide 
Synthesis machines, Such as those available from Applied 
Biosystems (Foster City, Calif.). 
0076 Substitutional variants typically contain an alter 
native amino acid at one or more sites within the protein, and 
may be designed to modulate one or more properties of the 
polypeptide Such as Stability against proteolytic cleavage. 
Substitutions preferably are conservative, that is, one amino 
acid is replaced with one of Similar Size and charge. Con 
Servative Substitutions are well known in the art and include, 
for example, the changes of arginine to lysine; asparagine to 
glutamine or histidine, aspartate to glutamate; cysteine to 
Serine, glutamine to asparagine; glutamate to aspartate; 
histidine to asparagine or glutamine, isoleucine to leucine or 
Valine; leucine to Valine or isoleucine; lysine to arginine, 
glutamine, or asparagine, methionine to leucine or isoleu 
cine; phenylalanine to tyrosine, Serine to threonine; threo 
nine to Serine; tryptophan to tyrosine; tyrosine to tryptophan 
or phenylalanine; and Valine to isoleucine or leucine. 
0077. In making such changes, the hydropathic index of 
amino acids may be considered. The importance of the 
hydropathic amino acid indeX in conferring interactive bio 
logic function on a protein is generally understood in the art 
(Kyte & Doolittle, 1982). It is accepted that the relative 
hydropathic character of the amino acid contributes to the 
Secondary Structure of the resultant peptide, which in turn 
defines the interaction of the peptide with other molecules. 
0078 Each amino acid has been assigned a hydropathic 
indeX on the basis of its hydrophobicity and charge charac 
teristics (Kyte & Doolittle, 1982), these are: isoleucine 
(+4.5); Valine (+4.2); leucine (+3.8); phenylalanine (+2.8); 
cysteine/cystine (+2.5); methionine (+1.9); alanine (+1.8); 
glycine (-0.4); threonine (-0.7); Serine (-0.8); tryptophan 
(-0.9); tyrosine (-1.3); proline (-1.6); histidine (-3.2); 
glutamate (-3.5); glutamine (-3.5); aspartate (-3.5); aspar 
agine (-3.5); lysine (-3.9); and arginine (-4.5). 
0079. It is known in the art that certain amino acids may 
be Substituted by other amino acids having a similar hydro 
pathic index or Score and Still result in a protein with Similar 
biological activity, i.e., Still obtain a biological functionally 
equivalent protein. In making Such changes, the Substitution 
of amino acids whose hydropathic indices are within t2 is 
preferred, those that are within it? are particularly preferred, 
and those within +0.5 are even more particularly preferred. 

0080. It is also understood in the art that the Substitution 
of like amino acids can be made effectively on the basis of 
hydrophilicity. U.S. Pat. No. 4,554,101 states that the great 
est local average hydrophilicity of a protein, as governed by 
the hydrophilicity of its adjacent amino acids, correlates 
with a biological property of the protein. 
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0081. As detailed in U.S. Pat. No. 4,554,101, the follow 
ing hydrophilicity values have been assigned to amino acid 
residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0t1); 
glutamate (+3.0t1); Serine (+0.3); asparagine (+0.2); 
glutamine (+0.2); glycine (O); threonine (-0.4); proline 
(-0.5+1); alanine (-0.5); histidine *-0.5); cysteine (-1.0); 
methionine (-1.3); Valine (-1.5); leucine (-1.8); isoleucine 
(-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan 
(-3.4). 
0082 It is understood that an amino acid can be substi 
tuted for another having a similar hydrophilicity value and 
Still obtain a biologically equivalent and immunologically 
equivalent protein. In Such changes, the Substitution of 
amino acids whose hydrophilicity values are within t2 is 
preferred, those that are within it? are particularly preferred, 
and those within +0.5 are even more particularly preferred. 
0083) The engineering of DNA segment(s) for expression 
in a prokaryotic or eukaryotic System may be performed by 
techniques generally known to those of skill in recombinant 
expression. It is believed that Virtually any expression SyS 
tem may be employed in the expression of the claimed 
nucleic acid Sequences. 
0084. As used herein, the terms “engineered” and 
“recombinant cells are intended to refer to a cell into which 
an exogenous DNA segment or gene, Such as a cDNA or 
gene has been introduced through the hand of man. There 
fore, engineered cells are distinguishable from naturally 
occurring cells which do not contain a recombinantly intro 
duced exogenous DNA segment or gene. Recombinant cells 
include those having an introduced cDNA gene, and also 
include genes positioned adjacent to a heterologous pro 
moter not naturally associated with the particular introduced 
gene. 

0085 To express a recombinant encoded protein or pep 
tide, whether mutant or wild-type, in accordance with the 
present invention one would prepare an expression vector 
that comprises an isolated nucleic acid encoding a peptide of 
interest under the control of, or operatively linked to, one or 
more promoters. To bring a coding Sequence “under the 
control of a promoter, one positions the 5' end of the 
transcription initiation site of the transcriptional reading 
frame generally between about 1 and about 50 nucleotides 
“downstream” (i.e., 3) of the chosen promoter. The 
“upstream” promoter stimulates transcription of the DNA 
and promotes expression of the encoded recombinant pep 
tide. 

0.086 Many standard techniques are available to con 
Struct expression vectors containing the appropriate nucleic 
acids and transcriptional/translational control Sequences in 
order to achieve protein or peptide expression in a variety of 
host-expression Systems. Cell types available for expression 
include, but are not limited to, bacteria, Such as E. coli and 
B. Subtilis transformed with recombinant bacteriophage 
DNA, plasmid DNA or cosmid DNA expression vectors. 
0.087 Certain examples of prokaryotic hosts are E. coli 
strain RR1, E. coli LE392, E. coli B, E. coli X 1776 (ATCC 
No. 31537) as well as E. coli W3110 (F-, lambda-, pro 
totrophic, ATCC No. 273325); bacilli such as Bacillus 
Subtilis, and other enterobacteriaceae Such as Salmonella 
typhimurium, Serratia marceScens, and various Pseudomo 
naS Species. 
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0088. In general, plasmid vectors containing replicon and 
control Sequences which are derived from Species compat 
ible with the host cell are used in connection with these 
hosts. The Vector ordinarily carries a replication Site, as well 
as marking Sequences which are capable of providing phe 
notypic Selection in transformed cells. For example, E. coli 
is often transformed using pBR322, a plasmid derived from 
an E. coli Species. pBR322 contains genes for amplicillin and 
tetracycline resistance and thus provides easy means for 
identifying transformed cells. The pBR plasmid, or other 
microbial plasmid or phage must also contain, or be modi 
fied to contain, promoters which may be used by the 
microbial organism for expression of its own proteins. 
0089. In addition, phage vectors containing replicon and 
control Sequences that are compatible with the host micro 
organism may be used as transforming vectors in connection 
with these hosts. For example, the phage lambda GEMTM-11 
may be utilized in making a recombinant phage vector 
which may be used to transform host cells, Such as E. coli 
LE392. 

0090. Further useful vectors include pIN vectors (Inouye 
et al., 1985); and pCEX vectors, for use in generating 
glutathione S-transferase (GST) soluble fusion proteins for 
later purification and Separation or cleavage. Other Suitable 
fusion proteins are those with 3-galactosidase, ubiquitin, or 
the like. 

0091 Promoters that are most commonly used in recom 
binant DNA construction include the f-lactamase (penicil 
linase), lactose and tryptophan (trp) promoter Systems. 
While these are the most commonly used, other microbial 
promoters have been discovered and utilized, and details 
concerning their nucleotide Sequences have been published, 
enabling those of skill in the art to ligate them functionally 
with plasmid vectors. 
0092 For expression in Saccharomyces, the plasmid 
YRp7, for example, is commonly used (Stinchcomb et al., 
1979; Kingsman et al., 1979; Tschemper et al., 1980). This 
plasmid already contains the trp1 gene which provides a 
Selection marker for a mutant Strain of yeast lacking the 
ability to grow in tryptophan, for example ATCC No. 44076 
or PEP4-1 (Jones, 1977). The presence of the trp 1 lesion as 
a characteristic of the yeast host cell genome then provides 
an effective environment for detecting transformation by 
growth in the absence of tryptophan. 
0093 Suitable promoting sequences in yeast vectors 
include the promoters for 3-phosphoglycerate kinase (Hitze 
man et al., 1980) or other glycolytic enzymes (Hess et al., 
1968; Holland et al., 1978), such as enolase, glyceraldehyde 
3-phosphate dehydrogenase, hexokinase, pyruvate decar 
boxylase, phosphofructokinase, glucose-6-phosphate 
isomerase, 3-phosphoglycerate mutase, pyruvate kinase, tri 
oSephosphate isomerase, phosphoglucose isomerase, and 
glucokinase. In constructing Suitable expression plasmids, 
the termination Sequences associated with these genes are 
also ligated into the expression vector 3' of the Sequence 
desired to be expressed to provide polyadenylation of the 
mRNA and termination. 

0094. Other suitable promoters, which have the addi 
tional advantage of transcription controlled by growth con 
ditions, include the promoter region for alcohol dehydroge 
nase 2, isocytochrome C, acid phosphatase, degradative 



US 2006/0024667 A1 

enzymes associated with nitrogen metabolism, and the 
aforementioned glyceraldehyde-3-phosphate dehydroge 
nase, and enzymes responsible for maltose and galactose 
utilization. 

0.095. In addition to micro-organisms, cultures of cells 
derived from multicellular organisms may also be used as 
hosts. In principle, any Such cell culture is workable, 
whether from vertebrate or invertebrate culture. In addition 
to mammalian cells, these include insect cell Systems 
infected with recombinant virus expression vectors (e.g., 
baculovirus); and plant cell Systems infected with recombi 
nant virus expression vectors (e.g., cauliflower mosaic virus, 
CaMV; tobacco mosaic virus, TMV) or transformed with 
recombinant plasmid expression vectors (e.g., Ti plasmid) 
containing one or more coding Sequences. 
0096. In a useful insect system, Autographa californica 
nuclear polyhidrosis virus (AcNPV) is used as a vector to 
express foreign genes. The virus grows in Spodoptera fru 
giperda cells. The isolated nucleic acid coding Sequences are 
cloned into non-essential regions (for example the polyhe 
drin gene) of the virus and placed under control of an 
AcNPV promoter (for example the polyhedrin promoter). 
Successful insertion of the coding Sequences results in the 
inactivation of the polyhedrin gene and production of non 
occluded recombinant virus (i.e., virus lacking the proteina 
ceous coat coded for by the polyhedrin gene). These recom 
binant viruses are then used to infect Spodoptera frugiperda 
cells in which the inserted gene is expressed (e.g., U.S. Pat. 
No. 4,215,051 (Smith)). 
0097 Examples of useful mammalian host cell lines are 
VERO and HeLa cells, Chinese hamster ovary (CHO) cell 
lines, W138, BHK, COS-7, 293, HepG2, 3T3, RIN and 
MDCK cell lines. In addition, a host cell strain may be 
chosen that modulates the expression of the inserted 
Sequences, or modifies and processes the gene product in the 
Specific fashion desired. Such modifications (e.g., glycosy 
lation) and processing (e.g., cleavage) of protein products 
may be important for the function of the encoded protein. 
0.098 Different host cells have characteristic and specific 
mechanisms for the post-translational processing and modi 
fication of proteins. Appropriate cells lines or host Systems 
may be chosen to ensure the correct modification and 
processing of the foreign protein expressed. Expression 
vectors for use in mammalian cells ordinarily include an 
origin of replication (as necessary), a promoter located in 
front of the gene to be expressed, along with any necessary 
ribosome binding sites, RNA splice Sites, polyadenylation 
Site, and transcriptional terminator Sequences. The origin of 
replication may be provided either by construction of the 
vector to include an exogenous origin, Such as may be 
derived from SV40 or other viral (e.g., Polyoma, Adeno, 
VSV, BPV) source, or may be provided by the host cell 
chromosomal replication mechanism. If the vector is inte 
grated into the host cell chromosome, the latter is often 
Sufficient. 

0099. The promoters may be derived from the genome of 
mammalian cells (e.g., metallothionein promoter) or from 
mammalian viruses (e.g., the adenovirus late promoter; the 
vaccinia virus 7.5K promoter). Further, it is also possible, 
and may be desirable, to utilize promoter or control 
Sequences normally associated with the desired gene 
Sequence, provided Such control Sequences are compatible 
with the host cell systems. 
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0100. A number of viral based expression systems may 
be utilized, for example, commonly used promoters are 
derived from polyoma, Adenovirus 2, and most frequently 
Simian Virus 40 (SV40). The early and late promoters of 
SV40 virus are particularly useful because both are obtained 
easily from the virus as a fragment which also contains the 
SV40 viral origin of replication. Smaller or larger SV40 
fragments may also be used, provided there is included the 
approximately 250 bp sequence extending from the Hind III 
site toward the Bgl I site located in the viral origin of 
replication. 

0101. In cases where an adenovirus is used as an expres 
Sion vector, the coding Sequences may be ligated to an 
adenovirus transcription/translation control complex, e.g., 
the late promoter and tripartite leader Sequence. This chi 
meric gene may then be inserted in the adenovirus genome 
by in vitro or in Vivo recombination. Insertion in a non 
essential region of the viral genome (e.g., region E1 or E3) 
will result in a recombinant virus that is viable and capable 
of expressing proteins in infected hosts. 
0102 Specific initiation signals may also be required for 
efficient translation of the claimed isolated nucleic acid 
coding Sequences. These signals include the ATG initiation 
codon and adjacent Sequences. Exogenous translational con 
trol Signals, including the ATG initiation codon, may addi 
tionally need to be provided. One of ordinary skill in the art 
would readily be capable of determining this and providing 
the necessary Signals. It is well known that the initiation 
codon must be in-frame (or in-phase) with the reading frame 
of the desired coding Sequence to ensure translation of the 
entire insert. These exogenous translational control signals 
and initiation codons may be of a variety of origins, both 
natural and Synthetic. The efficiency of expression may be 
enhanced by the inclusion of appropriate transcription 
enhancer elements or transcription terminators (Bittner et 
al., 1987). 
0103) In eukaryotic expression, one will also typically 
desire to incorporate into the transcriptional unit an appro 
priate polyadenylation site (e.g., 5'-AATAAA-3') if one was 
not contained within the original cloned Segment. Typically, 
the poly A addition site is placed about 30 to 2000 nucle 
otides “downstream” of the termination site of the protein at 
a position prior to transcription termination. 
0104 For long-term, high-yield production of recombi 
nant proteins, Stable expression is preferred. For example, 
cell lines that Stably express constructs encoding proteins 
may be engineered. Rather than using expression vectors 
that contain viral origins of replication, host cells may be 
transformed with vectors controlled by appropriate expres 
Sion control elements (e.g., promoter, enhancer, Sequences, 
transcription terminators, polyadenylation sites, etc.), and a 
Selectable marker. Following the introduction of foreign 
DNA, engineered cells may be allowed to grow for 1-2 days 
in an enriched media, and then are Switched to a Selective 
media. The Selectable marker in the recombinant plasmid 
conferS resistance to the Selection and allows cells to Stably 
integrate the plasmid into their chromosomes and grow to 
form foci which in turn may be cloned and expanded into 
cell lines. 

0105. A number of selection systems may be used, 
including but not limited to, the herpes simplex virus thy 
midine kinase (Wigler et al., 1977), hypoxanthine-guanine 
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phosphoribosyltransferase (Szybalska et al., 1962) and 
adenine phosphoribosyltransferase genes (Lowy et al., 
1980), in thi-, hgprt- or aprt- cells, respectively. Also, anti 
metabolite resistance may be used as the basis of Selection 
for dhfr, that confers resistance to methotrexate (Wigler et 
al., 1980; O'Hare et al., 1981); gpt, that confers resistance to 
mycophenolic acid (Mulligan et al., 1981); neo, that confers 
resistance to the aminoglycoside G-418 (Colberre-Garapin 
et al., 1981); and hygro, that confers resistance to hygro 
mycin (Santerre et al., 1984). 
Formulations and Routes for Administration to Patients 

0106 Upon formulation, solutions will be administered 
in a manner compatible with the dosage formulation and in 
Such amount as is therapeutically effective. The formulations 
are easily administered in a variety of dosage forms Such as 
injectable Solutions, drug release capsules and the like. For 
parenteral administration in an aqueous Solution, for 
example, the solution should be suitably buffered if neces 
Sary and the liquid diluent first rendered isotonic with 
Sufficient Saline or glucose. These particular aqueous Solu 
tions are especially Suitable for intravenous, intramuscular, 
Subcutaneous and intraperitoneal administration. In this con 
nection, Sterile aqueous media which can be employed will 
be known to those of skill in the art in light of the present 
disclosure. For example, one dosage could be dissolved in 1 
ml of isotonic NaCl Solution and either added to 1000 ml of 
hypodermoclysis fluid or injected at the proposed site of 
infusion, (see for example, "Remington's Pharmaceutical 
Sciences' 15th Edition, pages 1035-1038 and 1570-1580). 
Some variation in dosage will necessarily occur depending 
on the condition of the Subject being treated. The perSon 
responsible for administration will, in any event, determine 
the appropriate dose for the individual Subject. Moreover, 
for human administration, preparations should meet Sterility, 
pyrogenicity, general Safety and purity Standards as required 
by FDA Office of Biologics standards. 
Labels 

0107. In certain embodiments of the invention, one or 
more labels may be attached to a binding moiety, probe, 
primer or other molecule. A number of different labels may 
be used, Such as fluorophores, chromophores, radioisotopes, 
enzymatic tags, antibodies, bioluminescent, electrolumines 
cent, phosphorescent, affinity labels, nanoparticles, metal 
nanoparticles, gold nanoparticles, Silver nanoparticles, mag 
netic particles, Spin labels or any other type of label known 
in the art. 

0108) Non-limiting examples of affinity labels include an 
antibody, an antibody fragment, a receptor protein, a hor 
mone, biotin, DNP, and any polypeptide/protein molecule 
that binds to an affinity label. 
0109) Non-limiting examples of enzymatic tags include 
urease, alkaline phosphatase or peroxidase. Colorimetric 
indicator Substrates can be employed with Such enzymes to 
provide a detection means visible to the human eye or 
Spectrophotometrically. 
0110. Non-limiting examples of photodetectable labels 
include Alexa 350, Alexa 430, AMCA, aminoacridine, 
BODIPY 630/650, BODIPY 650/665, BODIPY-FL, 
BODIPY-R6G, BODIPY-TMR, BODIPY-TRX, 5-carboxy 
4',5'-dichloro-2',7-dimethoxy fluorescein, 5-carboxy-2',4', 
5,7-tetrachlorofluorescein, 5-carboxyfluorescein, 5-carbox 
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yrhodamine, 6-carboxyrhodamine, 6-carboxytetramethyl 
amino, Cascade Blue, Cy2, Cy3, Cy5,6-FAM, dansyl chlo 
ride, Fluorescein, HEX, 6-JOE, NBD (7-nitrobenz-2-oxa-1, 
3-diazole), Oregon Green 488, Oregon Green 500, Oregon 
Green 514, Pacific Blue, phthalic acid, terephthalic acid, 
isophthalic acid, cresyl fast Violet, cresyl blue Violet, bril 
liant cresyl blue, para-aminobenzoic acid, erythrosine, 
phthalocyanines, azomethines, cyanines, Xanthines, Succi 
nylfluoresceins, rare earth metal cryptates, europium trisbi 
pyridine diamine, a europium cryptate or chelate, diamine, 
dicyanins, La Jolla blue dye, allopycocyanin, allococyanin 
B, phycocyanin C, phycocyanin R, thiamine, phycoerythro 
cyanin, phycoerythrin R, REG, Rhodamine Green, 
rhodamine isothiocyanate, Rhodamine Red, ROX, TAMRA, 
TET, TRIT (tetramethyl rhodamine isothiol), Tetramethyl 
rhodamine, and Texas Red. These and other luminescent 
labels may be obtained from commercial Sources Such as 
Molecular Probes (Eugene, Oreg.). 

0111. In other embodiments of the invention, labels of 
use may comprise metal nanoparticles. Methods of prepar 
ing nanoparticles are known. (See e.g., U.S. Pat. Nos. 
6,054,495; 6,127,120; 6,149,868; Lee and Meisel, J. Phys. 
Chem. 86:3391-3395, 1982.) Nanoparticles may also be 
obtained from commercial Sources (e.g., Nanoprobes Inc., 
Yaphank, N.Y.; Polysciences, Inc., Warrington, Pa.). Modi 
fied nanoparticles are available commercially, Such as Nan 
ogold(R) nanoparticles from Nanoprobes, Inc. (Yaphank, 
N.Y.). 
0112 In some embodiments of the invention, proteins 
may be labeled using Side-chain Specific and/or Selective 
reagents. Such reagents and methods are known in the art. 
Non-limiting exemplary reagents that may be used include 
acetic anhydride (lysine, cysteine, Serine and tyrosine); 
trinitrobenzenesulfonate (lysine); carbodiimides (glutamate, 
aspartate); phenylglyoxal (arginine); 2,3-butanedione (argi 
nine); pyridoxal phosphate (lysine); p-chloromercuriben 
Zoate (cysteine); 5,5'-dithiobis(2-nitro-benzoic acid) (cys 
teine); diethylpyrocarbonate (lysine, histidine); 
N-bromosuccinimide (tryptophan) and tetranitromethane 
(cysteine, tyrosine). Various methods for attaching labels to 
nucleic acids and/or oligonucleotides are known in the art 
and may be used. For example, water-Soluble carbodiimides 
may be used to cross-link the phosphate groups of nucleic 
acids or oligonucleotides to various labels. Amino or Sulf 
hydryl modified oligonucleotides or nucleic acids may be 
attached to labels using known bifunctional crosslinking 
reagents (Running et al., BioTechniques 8:276-277, 1990; 
Newton et al., Nucleic Acids Res. 21:1155-62, 1993). 
0113. In alternative embodiments of the invention, vari 
ous croSS-linking reagents known in the art, Such as homo 
bifunctional, hetero-bifunctional and/or photoactivatable 
croSS-linking reagents may be used. Non-limiting examples 
of Such reagents include bisimidates; 1,5-difluoro-2,4-(dini 
trobenzene); N-hydroxySuccinimide ester of Suberic acid; 
disuccinimidyl tartarate; dimethyl-3,3'-dithio-bispropion 
imidate, N-succinimidyl-3-(2-pyridyldithio)propionate; 
4-(bromoaminoethyl)-2-nitrophenylazide, and 4-azidogly 
oxal. Such reagents may be modified to attach various types 
of labels, Such as fluorescent labels. The skilled artisan will 
realize that Such croSS-linking reagents are not limited to use 
with proteins, but may also be used with other types of 
molecules. 



US 2006/0024667 A1 

Kits 

0114. In some embodiments, the present invention con 
cerns kits for use with the methods described herein. The kits 
may comprise, in Suitable container means, one or more 
anti-AB binding peptides and/or antibodies, a control Af 
protein or peptide (e.g., A?42), a control peptide that is not 
recognized by the anti-AB binding peptides and/or antibod 
ies, and various buffers, reagents, enzymes and other Stan 
dard ingredients well known in the art. 
0115 The container means of the kits will generally 
include at least one Vial, test tube, flask, bottle, Syringe or 
other container means, into which the probes and/or primers 
may be placed, and preferably, Suitably aliquoted. Where an 
additional component is provided, the kit will also generally 
contain additional containers into which this component 
may be placed. The kits of the present invention will also 
typically include a means for containing the peptides or 
proteins and any other reagent containers in close confine 
ment for commercial Sale. Such containers may include 
injection or blow-molded plastic containers into which the 
desired vials are retained. 

EXAMPLES 

0116. The following examples are included to demon 
strate preferred embodiments of the invention. It should be 
appreciated by those of Skill in the art that the techniques 
disclosed in the examples which follow represent techniques 
discovered by the inventors to function well in the practice 
of the invention, and thus can be considered to constitute 
preferred modes for its practice. However, those of skill in 
the art should, in light of the present disclosure, appreciate 
that many changes can be made in the Specific embodiments 
which are disclosed and still obtain a like or similar result 
without departing from the Spirit and Scope of the invention. 

Example 1 

Production of Anti-AB Antibodies in Mice 
0117. A single-chain fragment variable (scFv) antibody 
library displayed on phage was constructed using Spleen 
cells from mice immunized with human amyloid-beta pep 
tide (AB42). This anti-AB42 sclv immune antibody library 
was Selected against human AB42. A number of positive 
clones were obtained, and Sequences of V and VK genes 
were analyzed using ExPASy and BLAST computer tools. 
This analysis revealed that only two unique clones with 
identical V and VK complementarity determining region 
(CDR) (except HCDR2) and identical germline genes were 
Selected, indicating that oligoclonal immune response was 
occurring in AB42-immunized mice. AB42-Specific ScFV 
antibodies Selected from this immune anti-A342 phage 
antibody library may be of use for the development of 
therapeutic molecules for Alzheimer's disease (AD). 
Methods 

0118 Construction of Anti-ABScFv Antibody Phage Dis 
play Library 

0119) Spleen cells from mice immunized with Af42 were 
used as a Source of immunoglobulin genes. Three 6-week 
old BALB/c mice were immunized with AB42 (BACHEM 
Bioscience, King of Prussia, Pa., USA). Af42 was first 
Suspended in pyrogen-free type I water at 2 mg/ml, then 
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mixed with 10x PBS to yield 1.x PBS and incubated over 
night at 37 C. This immunogen preparation was mixed with 
Freund's complete adjuvant for priming of mice, and with 
incomplete Freund's adjuvant for boost injections. Four 
immunizations were performed at 14-day interval. 

0.120. One week after the fourth immunization, mouse 
sera were tested in ELISA for the presence of specific 
anti-AB42 antibodies. Briefly, a 96-well plate (Nunc, Rosk 
ilde, Denmark) was coated with 1 tug/ml of A?42 in phos 
phate buffer (pH 7.8) overnight at 4 C. The plate was 
washed with phosphate buffer containing 0.1% Tween-20 
(PBS-Tween) and blocked with PBS containing 2% bovine 
serum albumin (PBS-BSA). After washing, mouse sera 
diluted in PBS-BSA 1% was added, and the plate was 
incubated for 1 h at 37 C. The plate was washed and goat 
anti-mouse IgG conjugated with HRP (Zymed, San Fran 
cisco, Calif., USA) was added. After incubation for 1 h at 
37 C., the plate was washed and 2,2'-amino-bis-(3-ethyl 
benzthiazoline-6-sulphonic acid (ABTS) single solution 
(Zymed) was added. The OD reading at 405 was registered 
using Opsys MR Microplate Reader (DYNEX Technolo 
gies, Chantilly, Va., USA). 
0121 The mRNA was extracted from the splenocytes of 
immunized mice using QuickPrep mRNA Purification Kit 
(Amersham Pharmacia Biotech, USA) as recommended by 
the manufacturer. First, strand cDNA was synthesized from 
mRNA using random pd(N)6 primer according to RPAS 
Mouse ScFv Module (Amersham Pharmacia Biotech) 
manufacturer's instructions. Then Ig heavy (V) and light 
(VK) genes were amplified from cDNA using specific prim 
ers provided in the same kit. PCR products were gel purified 
using a Concert Rapid Gel Extraction System (Amersham 
Pharmacia Biotech) and used in assembly reaction to join 
V, and VK DNA into a single chain (V-VK) with linker 
DNA 

0122) This DNA was used as a template for PCR ream 
plification with flanking oligonucleotides containing 
appended restriction sites Sfil and Not. The DNA of scFv 
gene repertoires were gel purified, digested with Sfil and 
Not and ligated into the similarly digested vector 
pCANTAB-5E DNA (Amersham Pharmacia Biotech). After 
extraction with phenol/chloroform and ethanol precipitation, 
the ligation mix was electroporated into 50 ul Escherichia 
coli TG1 cells using Gene Pulser II System (Bio-Rad 
Laboratories, Hercules, Calif., USA). Ten electroporations 
were performed, and the resultant phagemid library was 
rescued/amplified using M13KO7 helper phage (Invitrogen, 
Carlsbad, Calif., USA) and the Expression Module/Recom 
binant Phage Antibody System (Amersham Pharmacia Bio 
tech). 
0123 The transformed TG1 cells were plated on LB 
Amp plates. The diversity of the library was 2.2x10 indi 
vidual recombinants. The typical phage yields were 10 
10' colony-forming units (cfu) per milliliter of culture 
medium. 

0.124 Selection of AB-specific scFV Antibodies by Bio 
panning Against AB 

0.125 Selection and amplification procedures for the scFv 
library was carried out essentially as described for peptide 
libraries in our previous studies (Gevorkian et al., 1998; 
Manout.charian et al., 1999; Gevorkian et al., 2000), using 
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96-well plates (Nunc) coated overnight with 2 tug/ml of 
AB42 in PBS. Plates were blocked with PBS/BSA 2%, and 
then phages were added at a concentration of 10"/ml. After 
incubation for 4 h at 4 C., plates were washed with cold 
PBS-Tween, and bound phage was eluted using 100 ul/well 
of 100 mM Triethylamine. Tris-HCl (1 M) was added to 
neutralize the eluate. In each round, we rescued the 
phagemid library using helper phage M 13K07. Three 
rounds of biopanning were performed. 

0.126 ELISA Screening of Selected Scriv Antibodies 
Expressed on Phage 

0127. After each round of selection, single amplicillin 
resistant colonies were used to innoculate 96-well cell 
culture plates (Costar, Corning, N.Y., USA) containing 125 
All of 2-YTAmp-glucose. Plates were incubated for 4h at 37 
C. and 100 ul of 2x YT containing hyperphage (Rondot et 
al., 2001) was added to each well. After 30 min of incubation 
without Shaking and 30 min of incubation with Shaking, 
plates were centrifuged and Supernatants were removed. 
0128 Fresh 2x YT without glucose but supplemented 
with amplicillin and kanamycin was added to each well, and 
plates were incubated overnight at 30° C. with shaking. 
Microtiter plates (Nunc) were coated with AB and blocked 
as described above, Supernatants from plates containing 
phage were added, and after incubation for 1 h at 37 C., 
plates were washed with PBS-Tween. HRP/Anti-M13 
monoclonal conjugate (Amersham Pharmacia Biotech) 
diluted in PBS-BSA 1% was added, and plates were incu 
bated for 1 h at 37 C. Plates were washed and ABTS single 
solution (Zymed) was added. The OD reading at 405 was 
registered using Opsys MR Microplate Reader (DYNEX 
Technologies). The reported data are representative of three 
different experiments. 
0129 DNA Sequencing 
0130. The DNA sequences of the inserts of selected ScFv 
expressing phagemid clones were determined using auto 
mated ABI PRISM 310 Genetic Analyzer (Applied Biosys 
tems, Foster City, Calif., USA), miniprep-purified (Qiagen) 
double-stranded DNA of the clones and pCANTAB 5 
Sequencing Primer Set (Amersham Pharmacia Biotech). 
The DNA and deduced amino acid Sequences were analyzed 
by computer search with ExPASy Molecular Biology server 
(http://www.expasy.ch/tools/), BLAST (http://www.ncbi.n- 
lm.nih.gov/igblast) and IMGT (the International Im-Muno 
GeneTics Information System: http://imgt.cines.fr) data 
base. The DNA and amino acid sequences of isolated scEvs 
were Submitted to the GenBank database. 

Results 

0131 Construction of Anti-A scFv Antibody Phage 
Display Library 

0132) Preparation of ScFv antibody phage display librar 
ies involves four stages: (1) isolation of mRNA from a 
Source of antibody-producing cells; (2) preparation of the 
ScFv repertoires; (3) cloning of the Sclv repertoires into a 
phagemid vector; and (4) expression of the ScFv in the 
Surface of phage. Spleen cells from mice immunized with 
AB were used to generate a ScFV phage antibody library. The 
V and VK genes were amplified from mRNA, Spliced 
together and the obtained ScFv gene repertoires were cloned 
into pCANTAB-5E to generate a phage displayed scFv 
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antibody library of 2.2x10 transformants. PCR analysis of 
16 randomly Selected clones showed that the majority car 
ried full length inserts (data not shown). 

0133) Selection of Ab-specific scEV Antibodies by Bio 
panning Against AB and ELISA Screening of Selected ScFVS 

0.134. In order to identify AB42-specific scrv antibodies, 
the constructed immune library was rescued using M13KO7 
helper phage and Selected against human AB42. Three 
rounds of biopanning were performed, and 180 individual 
clones were randomly picked, rescued using hyperphage and 
screened for their capacity to bind to AB42 in ELISA. 
Wild-type phage was used as negative control to discard 
non-specific interactions between phage and A342. OD 
readings of binding of positive clones to AB42 are shown in 
FIG. 1. PCR analysis showed that all positive clones carried 
full-length DNA inserts (not shown). 

0.135 Sequence Analysis of V and VK Genes of 
Selected ScFvs 

0.136 Eight phage clones with the highest OD values in 
ELISA were further analyzed by determining the nucleotide 
Sequences encoding their V and VK genes. The amino acid 
Sequences of these clones were deduced from their nucle 
otide Sequences. The obtained Sequences were analyzed 
using ExPASy and BLAST computer tools and aligned to 
the most homologous germline gene Sequences in the 
IMGT/DNA PLOT directory (Table 1). 

0.137 As shown in Table 1, only two unique clones with 
identical V and VK complementarity determining regions 
(CDR) (except HCDR2) and identical germline genes/seg 
ments were found. The clone AM 2.9, isolated seven times, 
and AM 3.26, isolated one time, have eight nucleotide (nt) 
and four amino acid (aa) differences in framework region 1 
(FR1), HCDR2 and FR3 of V and four nt and one aa in FR1 
of VK chain (not shown). Extensive differences at both nt 
and aa level from germline Sequences were found in isolated 
clones including four and three aa changes in CDR3 regions 
of both heavy and light chains (Table 1). A single UAA and 
UGA stop codons were present in V FR1 and in FR3 
regions of AM 2.9 and AM 3.26 clones, respectively. Most 
probably, these Stop codons are translated on ribosomes 
through incorporation of tryptophan (W) into the polypep 
tide chain. 

0.138. The sequences of the scFv antibody fragments 
determined as discussed above have been deposited in 
GenBank and are available at GenBank Accession Numbers 
AY307933 or AAP69671 (AM 3.26) and AY307932 or 
AAP69670 (AM 2.9). It will be apparent to the skilled 
artisan that the disclosed ScFV amino acid Sequences, or 
fragments thereof, may be of use for administering to 
subjects with AD or subjects at risk of developing AD to 
prevent the formation of amyloid plaqueS or to disassemble 
existing amyloid plaques. AS discussed below, in certain 
embodiments Such ScFv Sequences or fragments may be 
administered to a Subject incorporated into a vector, for 
example, M13 phage. The amino acid sequences of AM3.26 
and AM 2.9 are as disclosed below. 
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AM 2.9 

(SEQ ID NO:5) 
QWKLQESGTEVVKPGASWKLSCKASGYIFTSYDIDWWRQTPEQGLEWIGW 
IFPGEGSTEFNEKFKGRATLSWDKSSSTAYMELTRLTSEDSAWYFWARGD 

YYRRYFDLWGQGTTWTVSSSGGGSGGGGSGGGGSDIELTQSPTIMSASPG 
ERVTMTCSASSSIRYIYWYOOKPGSSPRLLIYDTSNWAPGWPFRFSGSGS 
GTSYSLTTINRMEAEDAATYYCQEWSGYPYTFGGGTKLELKR 

AM. 326 

(SEQ ID NO : 6) 
QWKLQQWGTEVVKPGASWKLSCKASGYIFTSYDIDWWRQTPEQGLEWIGW 
IFPGEGSTEYNEKFKGRATLSWDKSSSTAYMELTRLTSEDSAWYFCARGD 

YYRRYFDLWGQGTTWTVSSCGGGSGGGGSGGGGSDIELTQSPAIMSASPG 
ERVTMTCSASSSIRYIYWYOOKPGSSPRLLIYDTSNWAPGWPFRFSGSGS 
GTSYSLTINRMEAEDAATYYCQEWSGYPYTFGGGTKLELKR 

0.139. As discussed below, part or all of the mouse scFv 
Sequences may be of use for treatment of AD or a predis 
position to AD. Further, part or all of the Sequence of the 
HCDR3 region of the Scriv antibody fragments may be of 
particular use for therapeutic treatment of AD or pre-AD 
conditions. In the case of the mouse ScFV fragments iden 
tified, both AM 2.9 and AM3.26 exhibited the same HCDR3 
sequence-GDYYRRYFDL (SEQ ID NO:7) 
Discussion 

0140 We have selected a number of anti-A?42 scFv 
antibodies using an immune anti-AB42 ScFv antibody 
library. The analysis of nucleotide Sequences of eight iso 
lated scFv clones resulted in identification of only two 
unique clones with extensive hypermutations, particularly in 
CDR regions, indicating that antigen-driven immune 
response was occurring in AB immunized mice. We believe 
that there is no need to generate very large immune ScFV 
antibody libraries to isolate antigen-Specific ScFv clones, 
Since generally, hyperimmunization induces oligoclonal 
immune responses, as is what probably took place. How 
ever, it remains to be seen whether other unique clones are 
present in the library by modifying biopanning and/or bac 
terial cell growing conditions and Selecting more clones. 
0.141. In this regard, it is well known that many scFVs are 
toxic to E. coli cells, therefore, Special expression vectors 
containing inducible promoter regions were designed to 
express ScFVS creating optimal cell growing conditions 
(Tessmann et al., 2002). Hence, the isolation of our two 
clones containing UGA (opal) and UAA (ochre) stop codons 
is the result of scFV-pIII M13 fusion protein expression at 
low level in bacterial cells allowing their survival. The 
expression of DNA sequences with these Stop codons is not 
a rare event and, along with the frameshift and ribosome 
Slippage is the part of general mechanism of the regulation 
of protein expression in E. coli (Carcamo et al., 1998). It was 
shown that tryptophan (W) is inserted at the UGA stop 
codon (Mac-Beath and Kast, 1998) and that UGA- and 
UAA-containing DNA inserts are efficiently expressed in E. 
coli, which were cloned in phagemid vector pCANTAB 5E, 
also used in our study (Carcamo et al., 1998). Other evi 
dence that our clones are expressing ScFV-pl fusion protein 
on M13 phage Surface is the application of hyperphage as 
helper phage, which lacks the M13 g|II in phage genome. 
So, most probably, tryptophan (W) is expressed in our scFv 
phage clones at the positions of these Stop codons in VH 
FR1 and FR3 regions. 
0142 For treatment of AD, anti-AB ScFv antibodies are 
of interest and may act both extracellularly and intracellu 
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larly (intrabodies). These scFVs can prevent the formation of 
AB aggregates, can dissolve the existing fibrils, pro-fibrils or 
oligomers as well as, in the case of intrabodies, may bind to 
intraneuronal deposits of AB42. Recent Studies demon 
Strated early intraneuronal accumulation and immunoreac 
tivity of AB42 and the presence of stable dimers of AB42 in 
neural cells in culture, before their release into the medium 
(Selkoe, 2001; Gouras et al., 2000). These observations 
emphasize the potential therapeutic effect of internalizing 
antibodies for prevention of intraneuronal AB42 aggregation 
for the treatment of AD. 

0143. The therapeutic potential of intrabodies was dem 
onstrated previously for tumor-specific antibodies (Poul et 
al., 2000) as well as in studies on Huntington disease (Lecerf 
et al., 2001). AS for any passive immunization protocol, one 
of the advantages of scFv antibodies is the absence of 
unwanted and deleterious cellular immune response caused 
by AB42 immunization. In addition, Since the clearance of 
AB42-ScFv complex in Vivo would not activate microglia as 
in the case of full-length antibody, this additional Source of 
inflammation in patients (Lue and Walker, 2002) would be 
avoided. 

0144. It has been demonstrated previously that intranasal 
administration of a AB42-Specific ScFv antibody displayed 
on phage targeted AB deposition in the brain of live trans 
genic mice (Frenkel and Solomon, 2002). No visible toxic 
effects after phage administration were detected in the brain 
by histology studies. In previous studies (Frenkel et al., 
2000; Frenkel and Solomon, 2002), scFv antibodies with a 
Single Specificity of a parental IgM that recognized N-ter 
minal linear EFRH region of AB42 were evaluated. How 
ever, there are reports on the existence of a conformational 
epitopes on AB42 as well as other regions on this molecule 
involved in fibril formation (Gaskin et al., 1993; Pike et al., 
1995; Ma and Nussinov, 2002), and antibodies directed to 
these regions could be of interest for AD treatment and 
prevention. Thus, it has been shown that passive adminis 
tration of monoclonal antibodies directed to the central 
region of A? reverses memory deficits in mice (Dodartet al., 
2002) and administration of antibodies directed to C termini 
of AB Significantly reduced the number of Seizure-induced 
degenerating cells in the hippocampus (Mohajeri et al., 
2002). Also, the higher toxicity of N-truncated amyloid 
peptides A?8 (1242) compared with the full-length peptide 
was demonstrated (Demeester et al., 2001). Moreover, com 
bining of biochemical, Spectroscopic and morphologic 
methods in the recent study by Bitan et al. (Bitan et al., 
2003) allowed the further elucidation of the role of AB42 
Ile-41 residue in promoting the initial oligomerization of 
AB42 and that of Ala-42 residue in facilitating the peptide's 
Self-association. 

0145 The major advantage of the approach disclosed in 
the present Example is the possibility of selection of scFv 
antibodies directed to different regions of AB Since our 
anti-Ah ScFv library contains a large pool of antibodies with 
all possible specificities induced by AB immunization in 
contrast to a library based on the immunoglobulin gene of a 
Single IgM antibody directed to the aminoterminal region of 
AB (Frenkel et al., 2000). Moreover, it has been demon 
Strated that these anti-amino-terminal antibodies resulted in 
an increase in cerebral amyloid angiopathy (CAA)-associ 
ated microhemorrhages in APP23 transgenic mice (Pfeifer et 
al., 2002). Identification of antibodies recognizing other 
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linear or conformational epitopes on AB42 may help to 
prevent possible side effects. Our ongoing Studies on epitope 
mapping will give the answer about the nature of epitope 
recognized by isolated ScFv. In conclusion, considering all 
existing data pointing to a possibility that anti-AB antibodies 
could interfere with AD, the phage-displayed anti-AB42 
scFv antibodies selected in this study may be of interest for 
therapeutic use for passive immunization of AD patients 
after modification with Substances that increase their blood 
brain barrier permeability. 

Example 2 

Isolation of Anti-AB Antibodies from a Human 
Phage-Displayed scFv Antibody Library and 

Production of a Therapeutic Anti-AB Peptide from 
Antibody Sequence 

0146 A library of phage-displayed human single-chain 
FV (ScFv) antibodies was selected against the human amy 
loid-beta peptide (A?842). Two new anti-A?42 phage dis 
played ScFVS antibodies were obtained and the Sequences of 
their V and V2 genes were analyzed. A Synthetic peptide 
based on the Sequence of Ig heavy chain (V) complemen 
tarity-determining region (HCDR3) of the clone with the 
highest recognition signal was generated and determined to 
bind to AB42 in ELISA. Surprisingly, we showed for the first 
time that an HCDR3-based peptide had neuroprotective 
potential against AB42 neurotoxicity in rat cultured hippoc 
ampal neurons. Our results show that not only scFvs rec 
ognizing A?42 but also Synthetic peptides based on the V 
CDR3 sequences of these antibodies are novel candidates 
for Small molecule-based Alzheimer's Disease therapy. AS 
discussed below, in certain embodiments, Such therapeutic 
peptides may be administered to Subjects in the form of a 
vector, Such as an M13 Vector, that displays the therapeutic 
peptides on a Surface protein. 
Materials and Methods 

0147 Selection of AB-specific scFV Antibodies by Bio 
panning Against AB42. 
0.148. A non-immune human scFv antibody library 
cloned in pHEN1 and containing 6.7x10” members was 
used, prepared as disclosed in Sheets et al. (1998). Phage 
particles were rescued from the library using M13KO7 
helper phage (Invitrogen, Carlsbad, Calif., USA). Selection 
and amplification procedures for the scFv library were 
carried out essentially as described previously (Gevorkian et 
al., 1998; Manoutcharian et al., 1999; Gevorkian et al., 
2000; Manout.charian et al., 2003) using 96-well MaxiSorp 
microtiter plates (Nunc, Roskilde, Denmark) coated over 
night with 2 ug/ml of wild-type AB42 (BACHEM Bio 
science Inc., King of Prussia, Pa., USA) in PBS. Wild-type 
AB42 lacked any deletion or Substitution mutations in amino 
acid Sequence. 
0149 Plates were blocked with PBS containing 2% BSA 
(PBS/2% BSA), and then the phage were added at a con 
centration of 10°/ml. After incubation for 4 hrs at 4°C., the 
plates were washed with cold PBS containing 0.05% Tween 
20 (PBS/Tween), and bound phage was eluted using 100 
ul/well of 100 mM Triethylamine. A 1 M Tris HCl solution 
was then added in order to neutralize the eluate. In each 
round we rescued the enriched phagemid library using 
helper phage M13K07. Four rounds of biopanning were 
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performed. After the fourth round of biopanning, the eluate 
was plated and 16 individual clones were picked, rescued 
using helper phage and analyzed for Specific A42 binding 
by ELISA. 

0150 Microtiter plates were coated with Af42 and 
blocked as described above, 10" of each phage clone were 
added, and after incubation for 1 h at 37 C., plates were 
washed with PBS/Tween. An anti-M13 monoclonal HRP 
(horseradish peroxidasa) conjugate (Amersham Pharmacia 
Biotech, USA) diluted in PBS/1% BSA was then added to 
the plates followed by an incubation for 1 h 37 C. Plates 
were washed and the ABTS (2,2'-amino-bis(3-ethylben 
Zothiazoline-6-sulfonic acid) single Solution (Zymed, San 
Francisco, Calif., USA) was added. The OD 405 nm read 
ings were measured using OpsyS MR Microplate Reader 
(DYNEXTechnologies, Inc., Chantilly, Va., USA). An iden 
tical ELISA procedure was performed using Flemish (con 
taining an A to G Substitution at aa21; i.e. A21G) and Dutch 
(containing an E to Q Substitution at aa22, E22O) mutant 
AB42 (SynPep Corp., CA, USA). 

0151. DNA Sequencing 

0152 DNA sequencing of the V and V2 genes of ELISA 
positive clones was performed on a Genetic Analyzer ABI 
PRISM 3100 (Applied Biosystems, Foster City, Calif., 
USA) using miniprep-purified (Qiagen Inc., Santa Clarita, 
Calif., USA) double-stranded DNA from the clones and a 
pair of pHEN1 vector-based primers (Invitrogen). The DNA 
and deduced amino acid Sequences were analyzed with the 
help of the ExPASy Molecular Biology tools (http://ww 
w.expasy.ch/tools) and IMGT (the International ImMuno 
GeneTics) Information System (http://imgt.cines.fr) data 
base. The DNA and amino acid sequences of isolated ScFvs 
were Submitted to the GenBank database. 

0153 ELISA Using CDR-based Synthetic Peptides. 

0154) The peptides based on the CDR3 sequence of V 
from clone 4.4 with and without amino- and carboxy 
terminal cysteines were purchased from Invitrogen. These 
peptides were: N44 (ASVRGWYVRSVFDPA SEQ ID 
NO:1) and C44 (CASVRGWYVRSVFDPAC SEQ ID 
NO:2). Two alanine and two cysteine residues were added to 
the HCDR3 sequence. The non-related cyclic peptide GM15 
(IWGCSGKLICTTAVP SEQ ID NO:3) as well as the 
scrambled cyclic peptide ScrC44 (CADWRYRSVFGPVS 
VAC SEQ ID NO:4) were synthesized at our facilities by 
Standard Fmoc Strategy. Peptides were purified on reverse 
phase high performance liquid chromatography column 
(Delta Pack, Waters Co., Milford, Mass., USA) with a linear 
gradient of 5-80% acetonitrile in 0.1% acqueous trifluoro 
acetic acid over 30 min at 0.7 ml/min. 

O155 ELISA analysis was carried out using MaxiSorp 
microtiter plates coated overnight with Synthetic peptide at 
a concentration of 10 ug/ml in carbonate buffer. After 
washing, plates were blocked with PBS/2% BSA for 1 h at 
37 C. After incubation and a washing step, biotinylated 
AB42 was added to each well. Plates were again incubated 
for 1 h at 37 C., washed, and reacted with an avidin 
peroxidase conjugate diluted 1:500 (Pharmingen, San Jose, 
Calif., USA) followed by the ABTS single solution (Zymed) 
as described above. 
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0156 For competition ELISA, cyclic C44 and linear N44 
were diluted in PBS/1% BSA and incubated with biotiny 
lated AB42 overnight at 4 C. prior to addition to plates 
coated with cyclic C44. 
0157 Neuroprotection Assay 
0158 Primary cultures of hippocampal neurons were 
prepared from 17-18 day gestational Wistar rat embryos as 
described previously (Brewer et al., 1993) with some modi 
fications (Massieu et al., 2003). Briefly, after dissection, 
10-12 hippocampi were chopped into 300-um cubes, incu 
bated in a 0.25% trypsin solution, and dispersed by tritura 
tion in a 0.08% DNAase and 0.52% soybean trypsin inhibi 
tor containing Solution. Cells were Suspended in Neurobasal 
culture medium (GIBCO/Life technologies, Rockville Md., 
USA) (Brewer et al. 1993) supplemented with B27 (Minus 
AO GIBCO/life technologies, Rockville, Md., USA), 0.5 
mM L-glutamine, 20 tug/ml gentamicin, and 0.2 mM 
glutamate, and plated at a density of 260-290x10/cm in 
Costar 48-well plates (Cambridge, Mass., USA), precoated 
with poly-L-lysine (5ug/ml). Cells were cultured for 6 days 
in vitro (DIV) at 37° C. in a humidified 5% CO/95% air 
atmosphere. Glucose (5 mM) and cytosine arabinoside (10 
AlM) were added to cultures 4 days after plating. The 
neuronal population in this culture was 95% of the total cells 
as determined by immunocytochemistry against microtu 
bule-associated protein (MAP-2) and glial fibrillary acidic 
protein (GFAP), neuronal and glial cell markers, respec 
tively (not shown). 
0159) Cultures were exposed to wild-type AB42 (40 uM) 
during 72 h either in the presence or absence of the different 
synthetic peptides (N44 and C44, 40 uM). The effect of 
individual treatments of the different peptides on cell viabil 
ity was also tested. A?42 was pre-incubated at 37 C. during 
48 h to promote its aggregation and increase neurotoxicity. 
Cell viability was assessed by the MTT (3-(4,5-dimethylthi 
azol-2-yl)-2,5-diphenyltetrazolium bromide) dye reduction 
assay (Mosmann, 1983) as previously described (Garcia and 
Massieu, 2001). The assay is based on the ability of living 
mitochondria to convert MTT into insoluble formazan by 
active dehydrogenases. 
0160 In brief, 72 h after exposure to AB42, cell cultures 
were incubated with MTT (150 uM) during a 1 h period at 
37 C. in a 5% CO/95% O-containing atmosphere. The 
medium was aspirated, and the precipitated formazan was 
solubilized with 0.480 ml isopropanol. After solubilization, 
isopropanol was transferred to eppendorf tubes, centrifuged 
(18 000 rpm for 30 s) and the optical density in the 
Supernatant measured at 570 nm in a spectrofluorometer 
(Beckman DU-640). Cell damage was expressed as percent 
reduction in mitochondrial activity relative to control cul 
tures. Data were expressed as meansitSE (Standard error) of 
4 independent experiments. All experiments with animals 
were conducted using protocols approved by Our Institu 
tional Animal Care Committee. 

0.161 Statistical Analysis. 
0162. In order to evaluate the significance of the differ 
ence between ScFv displaying phage and wild type phage as 
well as HCDR3-based peptide and the non-related peptide, 
the t-test Statistical analysis for paired Samples was per 
formed. For multiple comparisons ANOVA and post-hoc 
LSD test were used. SAS (SAS Institute Inc., Cary, N.C. 
27511, USA, 6.02) statistical software program was 
employed. 
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Results 

0163 Selection of AB-specific scFv Antibodies by Bio 
panning Against AB and ELISA Screening of Selected 
ScFVS. 

0164. The non-immune human scFv library displayed on 
phage was Selected against the human A342 peptide. After 
the first round of Selection, the titer of recovered phage was 
1x10. Recovery of the phage increased to 2x10', 6x10' and 
1x10" after the Second, third and fourth rounds of panning, 
respectively. After the fourth round of bioselection, 16 
individual clones were randomly picked and evaluated in 
ELISA using the A342 peptide. OD readings of the two 
clones with the highest signal (i.e. b4.4 and b4.6) are shown 
in FIG. 2. These two clones were also tested for binding to 
Flemish and Dutch mutants, as well as to AB1-28 (FIG. 2). 
Wild type phage was used as a negative control to measure 
non-specific interactions between phage and AB. Also, each 
phage-displayed ScFv was tested for binding to control 
non-related peptide to exclude non-specific binding. While 
phage b4.4 recognized all three AB42 peptides as well as 
Af31-28, phage b4.6 bound only to wild type A342 and 
Flemish mutant (FIG. 2). Binding of phage b4.6 to AB42 
containing the Dutch mutation and AB1-28 was not statis 
tically different from control phage M13. 
0.165 Sequence Analysis. 

0166 The nucleotide sequences of the V and V genes 
of the two selected clones were determined and aligned to 
the most homologous germline geneS/Segments in the IMGT 
and VBASE directories (Table 2). DNA sequence analysis of 
these clones revealed that they have only a few nucleotide 
and amino acid changes through comparison of the closest 
germline Sequences including those at the V (D) J and 
VJsjunction regions. The V gene of the clone b4-4 derives 
from DP47 V gene, the most frequently expressed human 
V gene (Tomlinson et al., 1992), which was also over 
represented in the V-gene repertoire of the scFv library used 
in our study (Sheets et al., 1998). The heavy chain CDR3 of 
the clone b4.4 contains 15 amino acids (SVRGWYVRS 
VFDP, SEQ ID NO: 10), while the same region of the clone 
b4.6 contains only 8 amino acids (SHYWDS, SEQ ID NO: 
11). No Sequence homology was found between these two 
HCDR3 regions. The nucleotide and amino acid Sequences 
of the ScFv clones isolated are available at GenBank Acces 
Sion Nos. AY454.122 and AY454123. The amino acid 
Sequences are as disclosed below. 

clone 4.6 
(SEQ ID NO: 12) 

QVOLOESGPGLVKPSETLSLTCSWSGGSWSSGNYYWTWIRQPPGKGLEWI 
GYIYSSGSTSYNPSLMSRVTISLDMSKNOFSLRLTSWTAADTAVYYCARS 
HYWDSWSPGTLWTVSSGGGGSGGGGSGGGGSDIVMTQSPSSMSASVGDTV 
TIACRASRDIRNDLAWYOOKPGKAPKLLIYAASRLQSGVPSRFSGSGSFT 
DFTLTIQLCLQPDDFATYYCLODSDYPLTF GGGTKLEIKR 

clone 4 .. 4 
(SEQ ID NO: 13) 

QAQLVESGGGLVQPGGSLRLSCAASGFTFSSYAMSWWRQAPGKGLEWVSA 
ISGSGGSTYYADSWKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAKSW 
RGWYVRSVFDPWSQGTLWTVSSGGGGSGGGGSGGGGSEIWLTQSPSSLSA 
SVGDRVTITCRASQGISHHLAWFOOKAGKAPKLLIYGTSSLOSGVPSRFS 
GSGSGTDFTLTNSSLOSEDFATYYCLODYNFPYTFGQGTKLEIKR 

0167. It will be apparent to the skilled artisan that pep 
tides based on all or part of the human HCDR3 sequences 
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and/or all or part of the human ScFv Sequences may be of use 
to treat Subjects with AD or Subjects at risk of developing 
AD. 

0168 ELISA Using CDR3-based Synthetic Peptides. 
0169. Synthetic peptide based on the HCDR3 sequence 
of the clone b4.4 was prepared. The peptide was designed to 
be 17 amino acids in length including two alanines added at 
each end (peptide N44). Also, another peptide with the same 
17 amino acids, but containing an additional cysteine at each 
end to mimic the loop structure of the CDR (peptide C44), 
as well as a Scrambled peptide with the cysteines at ends 
(peptide Scr44) were prepared. 
0170 Although peptide C44 has two cysteines, it may 
exist either in linear or cyclic form depending on the buffer 
used. We routinely performed HPLC analysis simulta 
neously with binding to AB42 in ELISA to ensure which 
form (i.e. linear or cyclic) existed at the time of assay. 
Peptide N44 did not demonstrate binding to AB342 (FIG.3), 
while peptide C44 in cyclic form recognized AB42. How 
ever, a control non-related cyclic peptide GM15 (IWGCS 
GKLICTTAVPSEQID NO:3)(FIG.3), as well as the cyclic 
peptide with scrambled amino acids Scr44 (CADWRYRS 
VFGPVSVAC SEQ ID NO:4) did not bind to AB42 (not 
shown). Peptide C44 in its linear form showed only a weak 
recognition due to the presence of a low percent of the cyclic 
form in this sample (FIG. 4). Also, we used f-mercaptoet 
hanol to reduce the S-S bond in the cyclic peptide, and 
showed that this reduction abolished completely the binding 
to AB42 (FIG. 4). Spontaneous air oxidation of the linear 
form under Strong overnight agitation restored the binding to 
AB42 (FIG. 4). In addition, peptide C44 in cyclic form 
inhibited the binding of AB42 to cyclic C44 immobilized on 
plate (FIG. 5). Linear peptide N44 did not show any 
inhibition in the competition ELISA. 
0171 HCDR3-based Peptide Protects Against AB42-in 
duced Neurotoxicity. 
0172 Similarly to previous studies (Pike et al., 1997; 
Ueda et al., 1997; Bastianetto et al., 2000), exposure of 
cultured hippocampal neurons to AB42 induced a significant 
decrease (24.3%) in mitochondrial activity after 72 h (FIG. 
6). The presence of the synthetic peptide N44 did not prevent 
the reduction in mitochondrial activity induced by AB42. In 
contrast, C44 peptide, in its linear form, Significantly pre 
vented AB42 neurotoxicity. When co-incubated with Af42, 
mitochondrial activity was reduced only 7.7% (FIG. 6). This 
demonstrated, then, a 69.3% neuroprotective effect. C44 
peptide in its cyclic form also showed protection, leading to 
11.9% decrease in mitochondrial activity when co-incubated 
with Af42 (a 53.6% neuroprotective effect). Neither N44 
nor C44 (either the linear or cyclic forms) alone altered basal 
MTT reducing capacity (FIG. 6). 
Discussion 

0173 We have selected two anti-AB42 sclv antibodies 
using a non-immune human phage-displayed ScFv antibody 
library and analyzed the Sequences of their V and V. 
genes. Also, we studied the binding of the Selected clones to 
Af31-28 as well as to Flemish and Dutch mutants of AB42. 
Clone b4.4 proved to bind to AB1-28 indicating that this 
scFv antibody recognized an epitope within the first 28 
amino acids of AB42. Phage b4.6 did not bind to AB1-28 
Suggesting that it recognized another epitope of AB42. The 
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Flemish mutant AB42 was shown to bind to both phage 
clones, but the Dutch mutant A342 recognized only phage 
b4.4. These results Suggest that it may be important to Search 
for antibodies specific for wild-type as well as mutant AB42 
peptides to provide an array of potentially immunotherapeu 
tic reagents against AD. Finally, we performed further 
characterization of the most positive clone b4.4 by evaluat 
ing the HCDR3-based synthetic peptide by ELISA binding 
to A342 as well as in an in vitro neuroprotection assay. 
0.174 All previous studies on passive immunotherapy 
against AD used murine polyclonal and monoclonal anti 
bodies or their fragments (Fab and scFv) which may have 
limited application in humans due to the possibility of a 
human anti-mouse immune response. Even if the immunore 
activity to the mouse antibody could be reduced, for 
example by “humanization' of the mouse Sequence, the 
uptake of large antibody fragments across the blood-brain 
barrier may be limited. Identification of human antibodies or 
their fragments may be useful for overcoming this limita 
tion. For AD, anti-AB ScFV antibodies are of great interest, 
Since, after peripheral administration they can reduce brain 
A? burden via different mechanisms as previously described 
(Bard et al., 2000; Bacskai et al., 2002; DeMattos et al., 
2001; Das et al., 2003; Lemere et al., 2003). Also, they can 
prevent the formation of AB aggregates. In addition, they 
may enter into neuronal cells and bind to intraneuronal 
deposits of AB. 

0.175 Recent studies have demonstrated early intraneu 
ronal accumulation and immunoreactivity of AB42 as well 
as the presence of Stable dimers of AB42 in neural cells in 
culture before their release into the medium (Gouras et al., 
2000; Gyure et al., 2001; Selkoe, 2001). These observations 
emphasize the potential therapeutic effect of internalizing 
anti-A?42 scFv antibodies for the treatment of AD. Human 
ScFv intrabodies were previously used to counteract the in 
Situ Huntington aggregation in cellular models of Hunting 
ton disease (Lecerf et al., 2001). 
0176 Another advantage of the present invention, 
besides the use of human Versus murine antibodies, is the 
possibility of Selecting a panel of antibodies with a range of 
different specificities. In previous studies by Frenkel et al. 
(Frenkel et al., 2000; Frenkel and Solomon, 2002), scFv 
antibodies with the Single Specificity of their parental murine 
IgM that recognized N-terminal linear EFRH region of 
Af342 were evaluated. However, side effects such as micro 
hemorrhages, were observed after passive administration of 
a mouse monoclonal anti-amino terminal AB antibody in 
APP23 trasgenic mice (Pfeifer et al., 2002). Also, it has been 
shown that amino-terminal truncated AB Species are early, 
pathological and abundant antigens occurring during the 
pathogenesis of AD, indicating their potential usefulneSS as 
targets for vaccination Strategies that could prevent an 
undesirable immune reaction (Sergeant et al., 2003). 
0177. There are reports on the existence of conforma 
tional epitopes in AB42 as well as other regions on this 
molecule involved in fibril formation (Gaskin et al., 1993; 
Pike et al., 1995; Ma and Nussinov, 2002), and antibodies 
directed to these regions have been shown to reverse 
memory deficits in mice (Dodart et al., 2002) and to reduce 
the number of Seizure-induced degenerating cells in the 
hippocampus (Mohajeri et al., 2002). Finally, in a recent 
study by Miller et al. it was shown that rabbit anti-fibrillar 
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A13 antibodies recognizing the amino terminus of A31-42 
possessed enhanced affinity for vascular amyloid deposits, 
and this might explain the development of Severe meningeal 
inflammation in patients that had previously been reported 
(Miller et al., 2003). Moreover, since the amino terminal 
sequence of AB42 (residues 4-10) is shared with the cell 
asSociated and circulating 3-APP, and the cell associated 
B-Secretase-generated B-APP carboxy-terminal fragment, 
the consequences of treating humans with anti-amino ter 
minal antibodies could potentially have additional undesir 
able autoimmune effects (Miller et al., 2003). Through the 
use of phage displayed ScFV antibody libraries it is possible 
to Select antibodies to various linear and/or conformational 
epitopes within Af42. 

0.178 Passive administration of scFv antibodies is not 
expected to induce the deleterious cellular immune 
response. In addition, Since the clearance of the AB42-ScFV 
complex in Vivo would not activate microglia as in the case 
of the full-length antibody due to the lack of the Ig Fc 
portion, this additional Source of inflammation in patients 
(Lue and Walker, 2002) would be also avoided. It is pro 
posed that ScFVS may be administered when displayed on the 
M13 phage Surface. It has been previously demonstrated that 
intranasal administration of an AB42-Specific ScFv antibody 
displayed on phage targeted AB deposition in the brain of 
live transgenic mice (Frenkel and Solomon, 2002). No 
Visible toxic effects after phage administration were detected 
in the brains by histological studies. Soluble scFv are also 
readily available and may be used in transgenic mice as an 
alternative to the phage-displayed ScFVS. 

0179. In a scFv, framework regions separate the CDRs, 
which are the hyperVariable regions of the Ig molecule that 
interacts with the antigen. Ig heavy chain CDR3 is known to 
be generally the most variable and to have a predominant 
participation in antigen-antibody interactions. There are 
previous reports on biologically active CDR-based peptides 
which possessed the specificity of the parent antibody (Levi 
et al., 1993; Bourgeois et al., 1998; Dong et al., 2003; Zinger 
et al., 2003). 
0180. The utilization of CDR-based peptide may over 
come Several disadvantages of the full-length antibody as 
well as Fab or ScFv fragments. The antiglobulin response is 
considered a major problem in the clinical development of 
therapeutic antibodies. To generate functional antibodies 
with reduced immunogenic Side effects, Successive technical 
developments were implied, and domain antibodies (dAbs) 
that are either the variable domain of an antibody heavy 
chain or the variable region of an antibody light chain (Holt 
et al., 2003) were reported and Suggested to become the next 
generation of antibody-based therapeutics. However, Ig 
heavy chain CDR3-derived peptides may be considered as 
the Smallest antigen binding unit of the antibody and may 
offer additional advantages (chemical Synthesis in endless 
quantities in controlled conditions and a lower probability of 
induction of harmful immune response among others) along 
with advantages of other fragments (Fab, scFv or dAbs). 
0181. In the present disclosure we describe for the first 
time an Ig heavy chain CDR3-derived peptide binding to 
Af342. We have demonstrated that the conformation of 
CDR-based peptides was important Since only the cyclic 
form bound to AB42 in ELISA. This is not surprising, since 
in the Ig molecule the CDRS comprise loops. In addition, the 
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fact that in bioselection procedures AB42 was immobilized 
on a microtiter plate, and in ELISA experiments the AB42 
was in a non-immobilized form (i.e. diluted in PBS/1% BSA 
and added to plates coated with HCDR3-based peptide), 
indicates that this HCDR3 peptide recognizes an epitope 
present in both conformations of AB42. 
0182 We demonstrated for the first time that an Ig 
HCDR3-based peptide prevented the decrease in mitochon 
drial activity induced by AB42. The peptide containing 
cysteines in both linear and cyclic forms had protective 
effect while the linear peptide without N- and C-terminal 
cysteines was not protective. Moreover, the peptide C44 in 
the linear form showed a trend toward higher protection 
compared with the same peptide in cyclic form. Since we do 
not know the exact structure of the peptide with the two 
cysteines in experimental conditions used (i.e. it may spon 
taneously cyclicize or form dimers and/or oligomers), oli 
gomerization of the HCDR3-based peptide may have had a 
positive effect on neuroprotection. Alternatively, the linear 
form of C44 may have exhibited increased uptake into a 
cellular or Subcellular compartment, with Subsequent for 
mation of the cyclic peptide. Linear monomer N44 that have 
does not any cysteine residue for oligomer formation did not 
demonstrate protection, indicating that oligomerization or 
formation of a cyclic form of linear C44 may indeed play a 
role in neuroprotection. These results show the protective 
effect of the HCDR3-based peptide for treatment of AD. 
0183 It is likely that modification of ScFvs with moieties 
that increase their blood-brain barrier permeability would 
improve their efficacy for AD, but they could be used 
without any modification if they are be capable of Seques 
tering plasma AB42, thus reducing or preventing brain 
amyloidosis. CDR-based Synthetic peptides would appear to 
exhibit few, if any, contraindications that would limit their 
utility. Likewise, the use of D-amino acids would make them 
more Stable against proteolytic degradation in Vivo. Synthe 
sis of peptides utilizing D- instead of L-amino acids is well 
within the ordinary skill in the art and Such peptides may be 
commercially purchased from known Sources. 

Example 3 

Additional Anti-AB Antibodies from a Human 
Phage-Displayed scFv Antibody Library 

0184. A library of phage-displayed human single-chain 
FV (ScFV) antibodies was selected against the human amy 
loid-beta peptide (AB42) using the protocols disclosed in 
Example 2 above. Two new anti-AB42 phage displayed 
ScFVS antibodies were obtained and the Sequences of their 
V, and V2 genes were analyzed (not shown). The new sciv 
clones 4.9 and 4.14 had HCDR3 sequences of DRKGGS 
FDY (SEQ ID NO:8) and QRGDY (SEQ ID NO:9) respec 
tively. AS discussed above, those Sequences may be used to 
design Synthetic peptides to administer to AD patients or to 
subjects at risk of developing AD. The skilled artisan will 
realize that addition of cysteines at both ends of the peptide 
to facilitate formation of a cyclic peptide may be advanta 
geous for Some applications. 

Example 4 
Administration of Therapeutic Peptides in M14 

Phage to Subjects With AD 
0185. The administration of ScFv anti-AB binding pep 
tides displayed as Surface proteins on vectors, Such as M13, 
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to Subjects for therapeutic treatment of AD Symptoms is 
known in the art (see, e.g., U.S. Pat. No. 6,703,015, the text 
of which from Col. 26, line 47 through Col. 27, line 25 and 
from Col. 32, line 50 through Col. 33, line 32 is incorporated 
herein by reference). In an exemplary embodiment, peptides 
of amino acid sequences corresponding to SEQ ID NO: 1, 
SEQID NO:2, SEQID NO:7, SEQ ID NO:8, SEQ ID NO:9, 
SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO: 12 and SEQ 
ID NO: 13 are inserted in pHEN1 as detailed in Example 2 
above. Phage particles are rescued using M13KO7 helper 
phage. Amplification of phage is carried out as described 
previously (Gevorkian et al., 1998; Manout.charian et al., 
1999; Gevorkian et al., 2000; Manoutcharian et al., 2003). 
Expression of the cloned inserts is confirmed by binding 
assays to AB42 peptide, as disclosed in Examples 1 and 2. 
0186 PDAPP transgenic mice are divided into groups 
and the groups are treated by intranasal administration with 
10' amplified phage expressing the peptide sequences. A 
different therapeutic peptide is administered to each group. 
Mice are decapitated at 1, 14 and 28 days after phage 
administration and brain tissue is removed, fixed and pro 
cessed for histopathology as disclosed in U.S. Pat. No. 
6,703,015. Biotinylated scFv antibody against A?42 peptide 
is used to Stain for the presence of amyloid plaques. 
0187. At 14 and 28 days after administration of peptide 
displaying phage, the brains of PDAPP mice show a 
decrease in the presence of amyloid plaques. Control mice 
treated with vector alone or mice treated with a non-specific 
phage displayed peptide (SEQ ID NO:3) show no change in 
the level of amyloid plaques. 
0188 All of the COMPOSITIONS and METHODS dis 
closed and claimed herein can be made and executed with 
out undue experimentation in light of the present disclosure. 
While the compositions and methods of this invention have 
been described in terms of preferred embodiments, it will be 
apparent to those of skill in the art that variations may be 
applied to the COMPOSITIONS and METHODS and in 
their elements or in the Sequence of elements of the methods 
described herein without departing from the concept, Spirit 
and scope of the invention. More specifically, it will be 
apparent that certain agents that are both chemically and 
physiologically related may be Substituted for the agents 
described herein while the same or similar results would be 
achieved. All Such Similar Substitutes and modifications 
apparent to those skilled in the art are deemed to be within 
the Spirit, Scope and concept of the invention as defined by 
the appended claims. 
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SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 13 

<210> SEQ ID NO 1 
&2 11s LENGTH 15 
&212> TYPE PRT 
<213> ORGANISM: Artificial 
&22O > FEATURE 

<223> OTHER INFORMATION: Synthetic Peptide 

<400 SEQUENCE: 1 
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Ala Ser Val Arg Gly Trp Tyr Val Arg Ser Val Phe Asp Pro Ala 
1 5 10 15 
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-continued 

<210> SEQ ID NO 2 
&2 11s LENGTH 17 
&212> TYPE PRT 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Peptide 

<400 SEQUENCE: 2 

Cys Ala Ser Val Arg Gly Trp Tyr Val Arg Ser Val Phe Asp Pro Ala 
1 5 10 15 

Cys 

<210> SEQ ID NO 3 
&2 11s LENGTH 15 
&212> TYPE PRT 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Peptide 

<400 SEQUENCE: 3 

Ile Trp Gly Cys Ser Gly Lys Leu Ile Cys Thr Thr Ala Val Pro 
1 5 10 15 

<210> SEQ ID NO 4 
&2 11s LENGTH 17 
&212> TYPE PRT 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Peptide 

<400 SEQUENCE: 4 

Cys Ala Asp Trp Arg Tyr Arg Ser Val Phe Gly Pro Val Ser Val Ala 
1 5 10 15 

Cys 

<210 SEQ ID NO 5 
<211& LENGTH 241 
&212> TYPE PRT 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Peptide 

<400 SEQUENCE: 5 

Glin Val Lys Leu Gln Glu Ser Gly Thr Glu Val Val Lys Pro Gly Ala 
1 5 10 15 

Ser Val Lys Leu Ser Cys Lys Ala Ser Gly Tyr Ile Phe Thr Ser Tyr 
2O 25 30 

Asp Ile Asp Trp Val Arg Glin Thr Pro Glu Glin Gly Lieu Glu Trp Ile 
35 40 45 

Gly Trp Ile Phe Pro Gly Glu Gly Ser Thr Glu Phe Asn Glu Lys Phe 
50 55 60 

Lys Gly Arg Ala Thr Lieu Ser Val Asp Llys Ser Ser Ser Thr Ala Tyr 
65 70 75 8O 

Met Glu Leu Thr Arg Leu Thir Ser Glu Asp Ser Ala Val Tyr Phe Trp 
85 90 95 

Ala Arg Gly Asp Tyr Tyr Arg Arg Tyr Phe Asp Leu Trp Gly Glin Gly 
100 105 110 

Thir Thr Val Thr Val Ser Ser Ser Gly Gly Gly Ser Gly Gly Gly Gly 
115 120 125 

Feb. 2, 2006 
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-continued 

Ser Gly Gly Gly Gly Ser Asp Ile Glu Leu Thr Glin Ser Pro Thr Ile 
130 135 1 4 0 

Met Ser Ala Ser Pro Gly Glu Arg Val Thr Met Thr Cys Ser Ala Ser 
145 15 O 155 160 

Ser Ser Ile Arg Tyr Ile Tyr Trp Tyr Glin Gln Lys Pro Gly Ser Ser 
1.65 170 175 

Pro Arg Leu Leu Ile Tyr Asp Thr Ser Asn Val Ala Pro Gly Val Pro 
18O 185 19 O 

Phe Arg Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thir Ile 
195 200 2O5 

Asn Arg Met Glu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys Glin Glu Trip 
210 215 220 

Ser Gly Tyr Pro Tyr Thr Phe Gly Gly Gly. Thir Lys Leu Glu Leu Lys 
225 230 235 240 

Arg 

<210> SEQ ID NO 6 
<211& LENGTH 241 
&212> TYPE PRT 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Peptide 

<400> SEQUENCE: 6 

Glin Val Lys Leu Gln Gln Trp Gly Thr Glu Val Val Lys Pro Gly Ala 
1 5 10 15 

Ser Val Lys Leu Ser Cys Lys Ala Ser Gly Tyr Ile Phe Thr Ser Tyr 
2O 25 30 

Asp Ile Asp Trp Val Arg Glin Thr Pro Glu Glin Gly Lieu Glu Trp Ile 
35 40 45 

Gly Trp Ile Phe Pro Gly Glu Gly Ser Thr Glu Tyr Asn Glu Lys Phe 
50 55 60 

Lys Gly Arg Ala Thr Lieu Ser Val Asp Llys Ser Ser Ser Thr Ala Tyr 
65 70 75 8O 

Met Glu Leu Thr Arg Leu Thir Ser Glu Asp Ser Ala Val Tyr Phe Cys 
85 90 95 

Ala Arg Gly Asp Tyr Tyr Arg Arg Tyr Phe Asp Leu Trp Gly Glin Gly 
100 105 110 

Thir Thr Val Thr Val Ser Ser Cys Gly Gly Gly Ser Gly Gly Gly Gly 
115 120 125 

Ser Gly Gly Gly Gly Ser Asp Ile Glu Lieu. Thr Glin Ser Pro Ala Ile 
130 135 1 4 0 

Met Ser Ala Ser Pro Gly Glu Arg Val Thr Met Thr Cys Ser Ala Ser 
145 15 O 155 160 

Ser Ser Ile Arg Tyr Ile Tyr Trp Tyr Glin Gln Lys Pro Gly Ser Ser 
1.65 170 175 

Pro Arg Leu Leu Ile Tyr Asp Thr Ser Asn Val Ala Pro Gly Val Pro 
18O 185 19 O 

Phe Arg Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thir Ile 
195 200 2O5 

Asn Arg Met Glu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys Glin Glu Trip 
210 215 220 
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-continued 

Ser Gly Tyr Pro Tyr Thr Phe Gly Gly Gly. Thir Lys Leu Glu Leu Lys 
225 230 235 240 

Arg 

<210 SEQ ID NO 7 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Peptide 

<400 SEQUENCE: 7 

Gly Asp Tyr Tyr Arg Arg Tyr Phe Asp Lieu 
1 5 10 

<210 SEQ ID NO 8 
&2 11s LENGTH 9 
&212> TYPE PRT 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Peptide 

<400 SEQUENCE: 8 

Asp Arg Lys Gly Gly Ser Phe Asp Tyr 
1 5 

<210> SEQ ID NO 9 
&2 11s LENGTH 5 
&212> TYPE PRT 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Peptide 

<400 SEQUENCE: 9 

Glin Arg Gly Asp Tyr 
1 5 

<210> SEQ ID NO 10 
&2 11s LENGTH 13 
&212> TYPE PRT 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Peptide 

<400 SEQUENCE: 10 

Ser Val Arg Gly Trp Tyr Val Arg Ser Val Phe Asp Pro 
1 5 10 

<210> SEQ ID NO 11 
&2 11s LENGTH 6 
&212> TYPE PRT 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Peptide 

<400 SEQUENCE: 11 

Ser His Tyr Trp Asp Ser 
1 5 

<210> SEQ ID NO 12 
<211& LENGTH 24 O 
&212> TYPE PRT 
<213> ORGANISM: Artificial 
&220s FEATURE 
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-continued 

<223> OTHER INFORMATION: Synthetic Peptide 

<400 SEQUENCE: 12 

Glin Val Glin Leu Gln Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu 
1 5 10 15 

Thr Leu Ser Leu Thr Cys Ser Val Ser Gly Gly Ser Val Ser Ser Gly 
2O 25 30 

Asn Tyr Tyr Trp Thr Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu 
35 40 45 

Trp Ile Gly Tyr Ile Tyr Ser Ser Gly Ser Thr Ser Tyr Asn Pro Ser 
50 55 60 

Leu Met Ser Arg Val Thr Ile Ser Leu Asp Met Ser Lys Asn Glin Phe 
65 70 75 8O 

Ser Leu Arg Leu Thir Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr 
85 90 95 

Cys Ala Arg Ser His Tyr Trp Asp Ser Trp Ser Pro Gly Thr Leu Val 
100 105 110 

Thr Val Ser Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly 
115 120 125 

Gly Gly Ser Asp Ile Val Met Thr Glin Ser Pro Ser Ser Met Ser Ala 
130 135 1 4 0 

Ser Val Gly Asp Thr Val Thir Ile Ala Cys Arg Ala Ser Arg Asp Ile 
145 15 O 155 160 

Arg Asn Asp Leu Ala Trp Tyr Glin Gln Lys Pro Gly Lys Ala Pro Lys 
1.65 170 175 

Leu Lieu. Ile Tyr Ala Ala Ser Arg Lieu Glin Ser Gly Val Pro Ser Arg 
18O 185 19 O 

Phe Ser Gly Ser Gly Ser Phe Thr Asp Phe Thr Leu Thir Ile Glin Leu 
195 200 2O5 

Cys Lieu Gln Pro Asp Asp Phe Ala Thr Tyr Tyr Cys Lieu Glin Asp Ser 
210 215 220 

Asp Tyr Pro Leu Thr Phe Gly Gly Gly Thr Lys Lieu Glu Ile Lys Arg 
225 230 235 240 

<210> SEQ ID NO 13 
&2 11s LENGTH 245 
&212> TYPE PRT 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Peptide 

<400 SEQUENCE: 13 

Glin Ala Glin Leu Val Glu Ser Gly Gly Gly Lieu Val Glin Pro Gly Gly 
1 5 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 
2O 25 30 

Ala Met Ser Trp Val Arg Glin Ala Pro Gly Lys Gly Lieu Glu Trp Val 
35 40 45 

Ser Ala Ile Ser Gly Ser Gly Gly Ser Thr Tyr Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn. Ser Lys Asn. Thir Lieu. Tyr 
65 70 75 8O 

Leu Gln Met Asn. Ser Lieu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 
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-continued 

Ala Wall 
100 

Wall 
105 

Lys Ser Arg Gly Trp Tyr Arg Ser Val Phe 

Glin Thr Wall. Thir Wall 
120 

Ser Gly Teu Ser Ser 
115 

Gly Gly Gly 
125 

Glu Ile Wall 
1 4 0 

Gly Gly 
130 

Gly Ser Gly Gly Gly Ser Teu 
135 

Gly 

Ala 
15 O 

Pro Ser Ser Lieu Ser Ser Wall Wall Thr 
145 

Gly Asp Arg 
155 

Leu Ala Phe 
170 

Arg Ser Glin Gly Ile Ser His His 
1.65 

Trp 

Ala Ala 
18O 

Ile 
185 

Pro Lys Lieu Lieu Tyr Gly. Thir Ser 

Wall 
195 

Phe Ser Ser Ser 
200 

Ser Pro Ser Gly Gly Gly 

Thr Thr Glin Glu Phe 
220 

Teu Ser Ala 
215 

Asn. Ser Ser Asp 

Glin Phe Thr Phe 
235 

Asn Pro Glin 
230 

Cys 
225 

Asp Gly 

Teu Ile Lys Arg 
245 

1. A method comprising: 

a) obtaining a library of phage-displayed human antibod 
ies, 

b) exposing the library to human amyloid-beta; 

c) Selecting one or more phage that encode one or more 
antibodies that bind to human amyloid-beta; and 

d) determining one or more amino acid sequences that 
bind to human amyloid-beta. 

2. The method of claim 1, wherein the one or more amino 
acid Sequences are determined from one or more immuno 
globin (Tg) heavy chain (V) complementarity-determining 
regions (HCDR3). 

3. A method comprising 

a) determining one or more amino acid Sequences that 
bind to human amyloid-beta wherein the one or more 
amino acid Sequences are determined from one or more 
immunoglobin (Ig) heavy chain (V) complementarity 
determining regions (HCDR3) of one or more antibod 
ies that bind to human amyloid-beta; and 

b) administering one or more peptides comprising the one 
or more amino acid Sequences to a Subject, wherein 
Said administering ameliorates the Symptoms of Alzhe 
imer's disease (AD) or decreases the risk of developing 
AD in the subject. 

4. A method comprising: 

a) obtaining one or more peptides comprising one or more 
human antibody Sequences that bind to human amy 
loid-beta; and 

Asp 
110 

Gly 

Thr 

Ile 

Glin 

Ser 
19 O 

Thr 

Thr 

Gly 

Pro Trp 

Ser Gly 

Glin Ser 

Thr Cys 
160 

Glin 
175 

Leu Glin 

Asp Phe 

Tyr 

Thr Lys 
240 

b) administering the one or more peptides to a Subject; 
wherein Said administering ameliorates the Symptoms of 
AD or decreases the risk of developing AD in the 
Subject. 

5. The method of claim 4, wherein the one or more amino 
acid Sequences are human Single chain variable fragment 
(ScFV) sequences that arc Selected by phage display Screen 
ing against human amyloid-beta. 

6. The method of claim 4, wherein the one or more amino 
acid Sequences are Selected from the group consisting of 
SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO;7, SEQ ID 
NO:12 and SEO ID NO:13. 

7. The method of claim 4, wherein the one or more amino 
acid Sequences are human immunoglobulin heavy chain 
complementarity determining regions (HCDR3) that are 
Selected by phage display Screening against human amyloid 
beta. 

8. The method of claim 3, wherein the one or more amino 
acid Sequences are Selected from the group consisting of 
SEQ ID NO:2, SEQ ID NO:8, SEQ ID NO:9, SEQ ID 
NO:10 and SEO ID NO:11. 

9. The method of claim 7, further comprising incorporat 
ing a cysteine residue at each end of the one or more amino 
acid Sequences. 

10. The method of claim 4, wherein the one or more 
peptides comprise one or more residues Selected from the 
group consisting of amino acid analogues, derivatized amino 
acids and D-amino acids. 

11. The method of claim 4, wherein the one or more 
peptides are expressed as part of a Surface protein in M13 
phage. 

12. The method of claim 4, wherein each peptide consists 
of 19 or less amino acid residues. 

13. A composition comprising a peptide that binds to 
human amyloid-beta. 
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14. The composition of claim 13, wherein administration 
of the composition to a Subject with AD ameliorates the 
symptoms of AD. 

15. The composition of claim 13, wherein administration 
of the composition to a Subject at risk or developing AD 
decreases the risk of developing AD. 

16. The composition of claim 13, wherein the peptide 
comprises an amino acid Sequence Selected from the group 
consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:5, 
SEQID NO;6, SEQID NO:7, SEQ ID NO:5, SEQ ID NO;9, 
SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12 and SEQ 
ID NO:13. 

17. The composition of claim 15, wherein the peptide 
comprises at least six contiguous amino acids from an amino 
acid Sequence Selected from the group consisting of SEQ ID 
NO:1, SEQID NO:2, SEQ ID NO:5, SEQ ID NO:6, SEQID 
NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO. 10, SEQ 
ID NO:11, SEQ ID NO: 12 and SEQ ID NO: 13. 

18. The composition of claim 17, wherein the peptide 
consists of 19 or less amino acid residues. 

19. A kit comprising: 
a) a peptide that binds to human amyloid-beta; and 
b) a container to contain the peptide. 
20. The kit of claim 19, further comprising AB42. 
21. The kit of claim 20, further comprising a control 

peptide that does not bind to human amyloid-beta. 
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22. The kit of claim 19, wherein the peptide comprises an 
amino acid Sequence Selected from the group consisting of 
SEQID NO:1, SEQID NO:2, SEQ ID NO:5, SEQ ID NO:6, 
SEQ ID NO.7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID 
NO:10, SEQ ID NO:11, SEQ ID NO: 12 and SEO ID NO. 
13. 

23. A method comprising: 

a) obtaining a library of phage-displayed mouse antibod 
ies, 

b) exposing the library to human amyloid-beta; 

c) Selecting one or more phage that encode one or more 
antibodies that bind to human amyloid-beta; 

d) determining one or more HCDR3 sequences that bind 
to human amyloid-beta; and 

c) preparing one or more peptides that bind to human 
amyloid-beta from the one or more HCDR3 sequences. 

24. The method of claim 1, further comprising adminis 
tering the one or more peptides to a Subject, wherein wherein 
Said administering ameliorates the Symptoms of AD or 
decreases the risk of developing AD in the Subject. 


