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IMMUNIZATION WITH AMYLOID-BETA OLIGOMERS

RELATED APPLICATIONS
This patent application claims the benefit of priority of U.S. application serial No.
61/406,734, filed October 26, 2010; U.S. application serial No. 61/406,728, filed October 26, 2010,
and U.S. application serial No. 61/406,721, filed October 26, 2010,which applications are

incorporated by reference herein.

BACKGROUND OF THE INVENTION

Aggregation and deposition of amyloid B-protein (“AB” or “beta amyloid”) is considered to
be a primary pathological event in Alzheimer’s disease (AD) (1). While the longer 42-43 amino
acid AP forms have been implicated in the formation of amyloid plaques (2-4), the aggregation state
of the peptide is critical in determining its neurotoxicity. Many different forms of AP have been
identified and characterized including fibrils, proto-fibrils, annular structures, globular structures,
amorphous aggregates and various soluble oligomers (5-9). Numerous studies indicate that small
oligomeric morphologies of AP are the primary toxic species in AD (10). These small oligomers
are also called “low-n oligomers” (i.e., dimers, trimers, or tetramers).

One type of naturally occurring oligomeric Af species is a low-n oligomer that is SDS-
stable, and inhibits long term potentiation in mammalian hippocampus (/3). The naturally
occurring low-n SDS-stable AB oligomers cause short term memory loss in rats, one of the earliest
symptom associated with AD (19), and also affect dendritic morphology in neuronal cells resulting
in synaptic losses (20). Concentration levels of this SDS-stable oligomeric form correlate strongly
with dementia in AD patients (/4). Unlike in vitro generated AP, naturally occurring low-n
oligomeric aggregate does not dissociate in SDS (e.g., 1-10%) or chaotropic salts (e.g., 1-10%) such
as guanidine hydrochloride, and cannot be pelleted from physiological fluids by ultra-centrifugation
(15). The naturally occurring low-n oligomeric aggregates can be detected in brain tissue by
Western blot analysis (/6-17). They are also resistant to the AP degrading protease insulin
degrading enzyme (IDE) (/8).

These low-n SDS-stable oligomers cause short term memory loss in rats, one of the earliest
symptom associated with AD (/9), and also affect dendritic morphology in neuronal cells resulting
in synaptic losses (20). While intracerebral injections of synthetic AP oligomers exerted a

deleterious effect on learned behavior in rats (27-22), these responses were delayed and the
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concentrations and amounts of synthetic A were much higher than concentrations of naturally
derived SDS-stable low-n AP oligomers required to interfere with the memory of a complex learned
behavior (19). Together these studies clearly suggest that the naturally derived SDS-stable Ap
oligomers may be important mediators in synaptic dysfunction in early AD and that these naturally
derived oligomers behave differently than in vifro derived oligomers.

Passive immunization of various models of Alzheimer’s Disease using antibodies against
specific forms of conformational epitopes of A structures has been suggested to improve cognitive
functions in such models. However, when immunization was attempted with a mixture of Ap
peptide and adjuvant, it was found to produce autoimmune encephalitis. It was speculated that this
adverse effect was due to the presence of polysorbate 80 in the final composition. Thus, the idea of
immunization against Alzheimer’s disease remains compelling but to date no immunization therapy
has been effective against this disease.

Accordingly, there exists the need for new therapies and reagents for the treatment of
Alzheimer's disease, in particular, therapies and reagents capable of effecting a therapeutic and

diagnostic benefit at physiologic (e.g., non-toxic) doses.

SUMMARY OF THE INVENTION

The present invention provides a method of immunizing a subject against Alzheimer’s
disease comprising administering to said subject a composition comprising an SDS-stable trimeric
or tetrameric aggregate of AP that is at least partially resistant to denaturation by SDS that is
stabilized by a C6 antibody having the sequence of SEQ ID NO:1, wherein the SDS-stable trimeric
or tetrameric aggregate of A is optionally conjugated to an exogenous immunogenic carrier or
admixed with an adjuvant, or both. In exemplary embodiments, the aggregate of AB is a 12-16kDa
oligomeric species of AP that is stable in the presence of SDS.

In certain embodiments, the aggregate of AP is produced by contacting monomers of AB
with C6 and producing stabilized aggregates that specifically bind to C6 and are stable to SDS
denaturation. In certain embodiments, the AP peptide is immunogenic. In some examples, the AB
peptide is a hapten conjugated to a carrier. In exemplary embodiments, the composition comprises
an adjuvant.

In specific embodiments, the subject is immunized with a composition comprising a vehicle
and an immunogenic or haptenic fragment of said SDS-stable trimeric or tetrameric aggregate of AR

that has been conjugated to a carrier. The carrier may be selected from the group consisting of
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bovine serum albumins, immunoglobulin, thyroglobulin, ovalbumin, tetanus toxoid, keyhole limpet
hemocyanin, and lipid moieties.

Another embodiment contemplates a method of preparing an immunogenic A} aggregate
comprising: monomers of AB; contacting said monomers of AP aggregates with a composition
comprising C6 antibody that has a sequence of SEQ ID NO:1 to form A aggregates; and isolating
said AP aggregates wherein said method isolates immunogenic AP aggregates that comprise an
SDS-stable trimeric or tetrameric aggregate of A that is at least partially resistant to denaturation
by SDS.

Also contemplated is a composition comprising an SDS-stable trimeric or tetrameric
aggregate of AP that is at least partially resistant to denaturation by SDS, said composition prepared
according to such a method. In specific embodiments, the aggregate of Af is conjugated to an
exogenous immunogenic carrier or admixed with an adjuvant, or both. In some embodiments, the
aggregate of AP is a conjugate that further comprises a carrier that is covalently-coupled to said Ap.
For example, the carrier is selected from the group consisting of bovine serum albumin,
immunoglobulin, thyroglobulin, ovalbumin, tetanus toxoid, keyhold limpet hemocyanin, and a lipid
moiety. In exemplary embodiments, the composition further comprises a pharmaceutically
acceptable vehicle and/or adjuvant. As used herein, “SDS-stable” or “at least partially resistant to
denaturation by SDS” means that the oligomeric aggregate does not dissociate into the monomer
units in SDS (such as in 1% SDS).

The present invention provides a composition comprising trimeric or tetrameric aggregates
of AP that are at least partially resistant to denaturation by SDS that are operably linked to an
antibody fragment that comprises amino acid residues 16-292 of SEQ ID NO:1. In certain
embodiments, the antibody fragment comprises amino acid sequence SEQ ID NO:1. In certain
embodiments, the antibody fragment is less than 500 amino acids in length, such as between 200-
450 amino acids in length, or less than 300 amino acids in length. In certain embodiments, the
antibody fragment comprises (consists essentially of, or consists of) amino acid residues 16-292 of
SEQ ID NO:1. In specific embodiments, the antibody fragment has an amino acid sequence of SEQ
ID NO:1. The antibody fragment is specific for a 12-16kDa oligomeric species of AP.

The present invention provides a method of preparing an immunogenic AP aggregate
comprising: (a) contacting monomers of AP with an antibody fragment to form AP aggregates,
wherein the antibody fragment is less than 300 amino acids in length and comprises amino acid
residues 16-292 of SEQ ID NO:1.; and (b) isolating the AP aggregates, wherein the AB aggregates

comprise a trimeric or tetrameric aggregates of A that are at least partially resistant to denaturation
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by SDS. In certain embodiments, the aggregate of AP is produced by contacting monomers of A3
with C6 and producing stabilized aggregates that specifically bind to C6 and are stable to SDS
denaturation.

The present invention further provides a composition comprising an SDS-stable trimeric or
tetrameric aggregate of AP that is at least partially resistant to denaturation by SDS, wherein the
composition is prepared according to the method described above.

In certain embodiments, the aggregate of AP in the composition is conjugated to or admixed
with, or both, to at least one carrier. In certain embodiments, the AP aggregate is covalently-
coupled to the carrier. In certain embodiments, the carrier is an immunogenic carrier and/or an
adjuvant. In certain embodiments, the immunogenic carrier and/or adjuvant is bovine serum
albumin, immunoglobulin, thyroglobulin, ovalbumin, tetanus toxoid, keyhold limpet hemocyanin,
or a lipid moiety. In certain embodiments, the composition further comprises a pharmaceutically
acceptable vehicle. In certain embodiments, the antibody fragment is immunogenic. In certain
embodiments, the aggregate of AP is a 12-16kDa oligomeric species of A that is stable in the
presence of SDS.

The present invention provides a method of immunizing a subject against Alzheimer’s

disease comprising administering to the subject a composition as described above.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. Bio-panning against natural AP oligomers - Schematic. Panning protocol showing
different steps involved in isolating scFv against low concentrations of natural brain derived A
oligomers.

Figures 2A-2F. Bio-panning process visualized by AFM. Serial negative panning against A)
Ing brain derived proteins from which AP has been depleted; B) 1ng brain derived AP monomer;
and multiple pieces containing 1pg synthetic Ap monomers. Panning process was visualized by
AFM until no phage binding to synthetic monomers was observed. C) 1st synthetic monomer mica;
D) 3rd synthetic monomer mica; E) 5th synthetic monomer mica. F) Recovered phage from last
monomer mica was added to mica containing 1ng dimer sample. Scale bar represents 1pum.

Figures 3A-3D. Phage from 400 clones binds specifically to natural Ap oligomers. Phage
was produced from the 400 clones obtained after the bio-panning process, and added to A) Ing AP
depleted brain sample; B) 1ng brain derived A monomer; C) 1pg synthetic AR monomer; D) Ing

brain derived Af oligomers. Scale bar represents 1pm.
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Figure 4. Dot-blot to determine expression levels of isolated clones. Phage binding to the
10pg brain derived dimers were eluted and transformed into Hb2151 competent cells. Single clones
were picked and tested for levels of soluble scFv expression by dot blot analysis. The clone with the
strongest expression (%) C6, was picked for further study.

Figures 5A-5D. C6 specifically recognizes brain derived oligomers. Binding of C6 phage to
A) natural brain derived oligomers and B) 3D synthetic AB aggregates was compared to binding of
A4 to the same samples (C, D). Scale bar represents 1um.

Figure 6. C6 nanobody detects AB oligomers in 7PA2 cell medium. When 25ug of the cell
media was probed with C6 nanobody, a band of around 12-16 kDa could be detected, corresponding
to trimeric or tetrameric morphology of AB.

Figure 7. ThT fluorescence assay. Aggregation of 50 uM A incubated with and without 5
uM C6 was monitored by ThT fluorescence. Each experiment was performed in triplicate.

Figures 8A-8H. Morphology of AP incubated with or without C6. AFM images of 50 uM
AB incubated without C6 for A) 0 hour, B) 3 day, C) 7 days, D) 10 days; or with C6 for E) 0 hour,
F) 3 day, G) 7 days, H) 10 days. Scale bar represents 1 um.

Figures 9A-9B: C6 stabilizes SDS-stable oligomers. 50uM AP was incubated alone or in
the presence of 5 uM C6 nanobody. Aliquots corresponding to monomers (Lane 1), early oligomers
corresponding to 3h-1D of aggregation (Lane 2) and late stage oligomers corresponding to 2-4D of
aggregation (Lane 3) were separated on a 10% Tris-Tricine gel followed by transfer onto a
nitrocellulose membrane. The membrane was probed with 1/1000 dilution of 6E10 monoclonal
antibody followed by 1/1000 dilution of goat anti-mouse IgG-HRP secondary antibody. A)
Comparison of AP monomer levels when incubated with or without C6. B) Depletion of monomers
and appearance of SDS stable oligomers when A is incubated with C6.

Figure 10. C6 stabilizes toxic oligomeric form of AB. Co-incubation of 50uM A with SuM
C6 maintains AB-induced toxicity towards SH-SY5Y human neuroblastoma cells. The final
concentrations of Af and C6 nanobody added to the cells were 1 pM and 0.1 pM respectively. The

error bars indicate SEM. Line at 100% indicates cells incubated with buffer alone.

DETAILED DESCRIPTION OF THE INVENTION
Soluble cell-derived oligomers of AP have been shown to play a critical role in disrupting
synaptic plasticity and behavior in Alzheimer’s Disease (AD) and developing reagents against these
species represents a potential therapeutic option. In the present invention, using a novel bio-panning

protocol to identify single chain antibody fragments (scFv, also called nanobodies) against low
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(pico-molar) quantities of cell-derived AP dimers, the inventors identified a binding reagent with
therapeutic and diagnostic properties. The method involved performing negative panning against
non-desired antigens such as brain derived proteins, AB monomers or fibrillar AB. The negative
panning steps were visualized by atomic force microscopy (AFM) and were continued until no
more phage binding to the monomers was observed. Subsequently, positive panning was performed
by adding the phage in the supernatants from the negative panning to naturally occurring low-n
SDS-stable AB oligomers. This positive panning step resulted in isolation of phage that bound
specifically to the naturally occurring low-n SDS-stable AP oligomers but not to monomeric AP,
fibrillar AP or other cell derived proteins. Phage eluted from the oligomer mica was screened
against dilutions of antigen concentrations to isolate phage having highest affinities. Clone C6 was
isolated which had high expression levels, and bound specifically to brain derived low-n SDS-stable
AP oligomers. The C6 nanobodies also recognized a 12-16kDa AP fragment in cell media extracted
from a human amyloid precursor over-expressing cell line, and protected the cells from intrinsic
toxicity. The C6 nanobodies prevented aggregation of synthetic AP in vitro and stabilized the
formation of toxic low-n SDS-stable AB oligomers. The C6 nanobodies could specifically detect AB
aggregates in brain tissue from AD patients and also in younger transgenic mouse models of AD.
Since this C6 nanobody recognized a small soluble oligomeric morphology of AB generated in vivo,
it has potential as a diagnostic for the early detection of AD.

The inventors developed a bio-panning technique that combined phage display technology
and atomic force microscopy (AFM) that enabled the inventors to isolate antibody fragments (also
called nanobodies) against specific protein morphologies. Using this technology, the inventors
isolated nanobodies specific for two different oligomeric morphologies of synthetic AB. Both of the
nanobodies inhibited AP aggregation and toxicity towards neuronal cells, and both recognized Ap
aggregates in human AD brain tissue (25-28). Here the inventors report a modified bio-panning
protocol that enables the isolation of nanobodies that specifically recognize the brain-derived SDS-
stable AB oligomers implicated in LTP dysfunction and impairment of synaptic plasticity without
also recognizing monomeric, fibrillar or synthetic oligomeric AB. By incorporating a series of
“negative panning” steps, the inventors eliminated essentially 100% of phage binding to off-target
antigens (including A monomers and other brain derived proteins) and were able to isolate
nanobodies to brain derived AP oligomers using only pico-grams of an enriched sample using a
single round of bio-panning. Using this process the clone C6 was selected because it had suitable

specificity and high expression levels.
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The C6 nanobody specifically binds brain derived AP aggregates but not synthetic AB
aggregates. Cell media from a cell line that overexpresses human amyloid precursor protein (hAPP)
probed with C6 nanobodies showed a band corresponding to 16kDa, suggesting that the C6
nanobody recognizes a tetrameric form of AB. C6 also recognized natural A in the brain tissue
from mouse models of AD, and natural Af in the brain tissue from human AD patients. C6
nanobodies prevented aggregation of synthetic AB monomers into fibrils and stabilized the
formation of SDS-stable low-n oligomers that were toxic to SH-SYS5Y neuroblastoma cells in vitro.

In certain embodiments, the C6 nanobody has a sequence of SEQ ID NO:1:

EXPIAYGSRWIVITRGPAGHGPGTAAGVGGGLVQPGGSLRLSCAASG

FTFSSYAMSWVRQAPGKGLEWVSAISGSGGSTYYADSVKGRFTISRDNSKN

TLYLQMNSLRAEDTAVYYCAKSYGSVKISCFDYWGQSTLVTVSSGGGGSGG

GGSGGGGSEIVLTQSPDSLAVSLGERATINCKSSQSVLYNSNNKNYLAWYQ

QKPGQSPELLIYWASTRESGVPDRFSGSGSGTEFTLTISSLQAEDVAVYYCQQ

FYSTPPTFGQGTKLEIKRAAAHHHHHHGAAEQKLISEED

In certain embodiments, the C6 nanobody lacks from 1 to 15 of the initial amino acids of
SEQ ID NO:1.

Thus, in a broad sense the C6 composition of the present invention may be described as a
compound that is an AP binding compound. This compound is used in the present invention to
produce SDS-stable trimeric or tetrameric aggregates of AB. This aggregate population is isolated
using standard peptide isolation and purification techniques to produce a substantially purified
composition comprising SDS-stable trimeric or tetrameric aggregates of AB. This composition is
then used in the treatment or prophylaxis of neurodegenerative disorders in which amyloid plaques
accumulate.

The methods of the present invention are conducted to provide early stage prevention of
Alzheimer’s Disease. As explained herein the C6 nanobody of the invention is one that specifically
recognizes the brain-derived SDS-stable AP oligomers and produces a stabilized form of trimeric or
tetrameric aggregates of AB. This form of AP oligomers is identified in a biological sample taken
from a subject having AD or indeed any brain derived oligomers of as a synthetic composition and
stabilized by contacting heterogeneous mixtures of A with the C6 composition. The highly
stabilized and toxic forms of AP oligomers in the sample are then isolated into a purified
composition and administered in a vaccination protocol to a patient that has or is likely to develop

Alzheimer’s Disease.
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Thus, the present invention relates to methods for combating cell degeneration or
dysfunction resulting from amyloidogenic conditions. More specifically, the invention especially
relates to the use, in the preparation of a medicament for the treatment of neurodegenerative disease
that is characterized by accumulation of SDS-stable trimeric or tetrameric aggregates of AP, of an
immunogenic compound which is capable of inducing an immune response against such aggregates
of AB, or an effective amount of a hapten of such aggregates combined with appropriate carriers
and/or adjuvants to render the resulting combination capable of inducing an immune response
against a toxic forms of AP aggregates.

The inventors have now found that it is possible to reduce amyloid plaque formation
occurring in a neurodegenerative disease such a Alzheimer’s Disease, by administering an
immunogenic derivative of a stabilized form of SDS-stable trimeric or tetrameric aggregates of AP,
enabling the production of antibodies directed against toxic oligomers of Ap.

The invention thus concerns the use of a composition capable of producing an immune
response against aggregates of AP in the preparation of a medicament for vaccination of an animal
against amyloid plaque formation thereby inhibiting amyloid plaque formation caused by deposition
of toxic forms of AP in an animal, especially in a mammal and more particularly in human. It
should be understood that the term "mammal" refers to animals of the mammal class of animals
including human.

According to the present invention, a composition is considered to in vivo inhibit the
development of a neurodegenerative disease such as Alzheimer’s Disease if administration of the
composition to a mammal of an effective amount of the composition can significantly reduce the
formation of AP plaques in vivo. A reduction is considered significant if the reduction of Ap
plaques is at least about 10%, at least about 50%, at least about 80% or at least about 90%. Plaque
formation may be determined by any method generally used in the diagnosis or determination of
Alzheimer’s disease plaques.

In one embodiment, the in vivo inhibition of plaque formation can be achieved by the
administration of a composition comprising an effective amount of an immunogenic composition
capable of inducing an immune response against a stabilized form of SDS-stable trimeric or
tetrameric aggregates of AB. The inventors have shown that such a stabilized A aggregate can be
isolated from brain derived AP aggregates with a C6 antibody and isolating those aggregates that
specifically bind to Cé.

Accordingly, the isolated stabilized AB aggregate can be used to produce a therapeutic

outcome by the administration of a composition comprising an effective amount of such an
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aggregate to a subject that has or is suspected of developing Alzheimer’s Disease in an amount
effective for said subject to produce an antibody response to the composition.

The invention therefore relates to an immunogenic composition that comprises an effective
amount of an immunogenic compound which is capable of inducing an immune response against a
specific form of SDS-stable trimeric or tetrameric aggregates of A, or an effective amount of such
an SDS-stable trimeric or tetrameric aggregates of A acting as an hapten combined with
appropriate carriers and/or adjuvants to render the resulting combination capable of inducing an
immune response against amyloid plaque formation.

The inventors have identified a C6 reagent (“C6 nanobody™) specifically recognizes the
toxic brain derived oligomeric AP aggregates. When incubated with monomeric AB, the C6
nanobody catalyzes formation of SDS stable toxic oligomeric AP aggregates similar to those
isolated from brain tissue. Since the C6 nanobody catalyzes formation of these toxic aggregates in
vitro, it is easy to generate large amounts of pure oligomeric AP similar to the brain derived
material. These aggregated species will be useful for active immunization studies since they
generate antibodies specifically against toxic AP species and not against other AB forms. The
amino-terminal region of AP is highly immunogenic and in all aggregated forms of A, the amino
terminal is exposed. Therefore oligomeric aggregates of Ap generated in the presence of the C6
nanobody similar to all aggregated AP forms, have highly antigenic amino terminals exposed on the
surface. Immunization with these aggregates result in generation of antibodies to the amino terminal
of AB. These antibodies recognize all forms of A including monomeric and fibrillar. In order
generate antibodies that specifically recognize the oligomeric Ap species, the inventors incubate N-
terminal deletions of AP with C6 to generate the respective oligomeric species, but without the
amino-terminal epitope. Immunization with these species generates an immune response specific
for the toxic naturally occurring cell derived species recognized by the C6 nanobody.

The immunization protocols proposed here are much more specific than those previously
utilized and should minimize the risk of inflammatory responses in the brain since they target very
specific oligomeric structures which are present only in very small concentrations. Conventional
approaches target monomeric or fibrillar AR forms which are present in much higher concentrations
and do not represent the toxic species that need to be targeted.

The immunogenic composition can be used for the preparation of a medicament for
inhibiting the development or progression of neurodegenerative disease in an animal, as here above

defined, and especially for the preparation of a vaccine medicament for the treatment of



10

15

20

25

30

WO 2012/082237 PCT/US2011/057904

neurodegenerative disease associated with Af} plaque formation as exemplified by Alzheimer ’s
disease.

As used herein the term "immune response against A plaque formation/SDS-stable trimeric
or tetrameric aggregates of AP," means that the humoral immune response is sufficient to form
antibodies that bind to one or more endogenous forms of AB, thus neutralizing their ability to form
toxic amyloid plaques, in neuronal or glial cells or in the brain of an animal. In a specific
embodiment, the "immune response" is directed against a specific SDS-stable form of Ap that is
resistant to denaturation by SDS but is not directed against A that but does not bind monomeric,
fibrillar or other oligomeric forms of AP that are generated in vitro. In specific embodiments, the

immunogenic compound or hapten comprises or essentially consists of a SDS-stable form of Ap

. that is resistant to denaturation by SDS which if it does not produce an immune response separately

can be rendered immunogenic when combined with appropriate carriers and/or adjuvants.

In a certain embodiment of the invention, said immunogenic compound or hapten comprises
or essentially consists of an SDS-stable AP aggregate that is resistant to denaturation by SDS
characterized by a molecular weight of 12-16kDa.

The SDS-stable Af} aggregate that is resistant to denaturation by SDS may be fused to other
heterologous polypeptidic sequences. For example such aggregates can be coupled to one single or
a few heterologous epitopes to specifically promote humoral immunological responses.

When an SDS-stable AP} aggregate that is resistant to denaturation by SDS that is contained
in the immunogenic composition of the invention is not immunogenic per se, but is a hapten, it can
be made immunogenic by coupling the hapten to a carrier molecule such as bovine serum albumin
(BSA). Other carriers include immunoglobulin molecules, thyroglobulin, ovalbumin, tetanus toxoid,
keyhole limpet hemocyanin or lipid moieties. Various carrier molecules and methods for coupling a
hapten to a carrier molecule are well-known in the art (Bioconjugation. Protein coupling techniques
for the biomedical sciences". 364-482, Ed. Aslam M. & Dent A. Mcmillan Reference LTD, UK,
1998).

The immunogenic composition of the invention is formulated for administration to an
animal or a patient suffering from a disease caused by amyloid plaque formation, and especially to
an animal or a patient suffering of neurodegenerative disease such as Alzheimer’s Disease.

The immunogenic composition of the invention can be administered alone or in combination
with an acceptable vehicle, including water, saline, glycerol, ethanol, etc. The compositions can also
be administered in combination with other therapeutic agents, especially useful for the treatment of

amyloid plaque formation, and/or useful for the treatment of neurodegenerative diseases such as
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Alzheimer’s Disease. Any therapeutic agent typically used for the treatment of Alzheimer’s disease
may be used in combination with an immunization therapy as described herein to achieve an
amelioration of one or more of the symptoms or characteristics of the disease. Various drugs for the
treatment of AD are currently available as well as under study and regulatory consideration. The
drugs generally fit into the broad categories of cholinesterase inhibitors, muscarinic agonists, anti-
oxidants or anti-inflammatories. Galantamine (Reminyl), tacrine (Cognex), selegiline,
physostigmine, revistigmin, donepezil, (Aricept), rivastigmine (Exelon), metrifonate, milameline,
xanomeline, saeluzole, acetyl-L-carnitine, idebenone, ENA-713, memric, quetiapine, neurestrol and
neuromidal are just some of the drugs proposed as therapeutic agents for AD that can be used in
combination therapy in the present invention for the therapeutic intervention of AD. Typically, the
compositions are prepared as an injectable composition, either as a liquid solution or a suspension.
However, solid compositions suitable for solution or suspension in liquid vehicles prior to injection
can also be prepared.

An effective amount of the immunogenic compound or hapten, useful for inducing an
immune response against proapoptotic neurotrophin can be determined on a case-by-case basis.
According to a certain embodiment, the immunogenic composition is effective to produce an
immune response that is characterized by a serum titer of at least 1:1000 with respect to the
antigenic determinant against which the immune response is directed. In yet another embodiment,
the serum titer is at least 1:5000 with respect to the neurotrophin component. According to a
specific embodiment, the immune response induced by the immunogenic composition is
characterized by a serum amount of immunoreactivity corresponding to more than four times higher
than a serum level of immunoreactivity measured in a pre-treatment control serum sample. This
latter characterization is particularly appropriate when serum immunoreactivity is measured by
ELISA techniques, although it can apply to any relative or absolute measurement of serum
immunoreactivity.

For example, an effective amount of the active ingredient containing the SDS-stable AB

. aggregate is comprised between 0.5 pg and 2000 ug of the immunogenic aggregate.

In certain embodiments, the immunogenic composition is formulated as a vaccine. In certain
embodiments, the vaccine composition includes generally specific excipients and/or adjuvants, to
enhance the immune response.

For example, an adjuvant can be a particulate or non-particulate adjuvant. A particulate
adjuvant usually includes, without limitation, aluminium salts, calcium salts, water-in-oil emulsions,

oil-in-water emulsion, immune stimulating complexes (ISCOMS) and ISCOM matrices (U.S. Pat.
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No. 5,679,354), liposomes, nano- or micro-particles, proteosomes, virosomes, stearyl tyrosine, and
gamma-inulin. A non-particulate adjuvant usually includes, without limitation, muramyl dipeptide
(MDP) and derivatives, e.g., treonyl MDP or murametide, saponins, e.g., Quil A and QS21, lipid A
or its derivative 4' monophosphoryl lipid A (MPL), various cytokines including gamma-interferon
and interleukins 2 or 4, carbohydrate polymers, diethylaminoethyl dextran and bacterial toxins, such
as cholera toxin. Adjuvants formulation designed to maximize specific immune response can also
be used. Such adjuvants include those known to those of skill in the art, for example, adjuvants
may include one or more from the group consisting of aluminium hydroxide, aluminium phosphate,
MPLIM, QS-21 or incomplete Freund's adjuvant. According to a specific embodiment, such
immunogenic compositions may include a plurality of immunogenic compounds effective to induce
an immune response in a subject.

The invention also relates to the method for treating or preventing neuronal or glial cell
amyloid plaque deposition and/or formation or development of neurodegenerative disease,
comprising the administration to an animal or a patient suffering from or suspected of developing a
neurodegenerative disease of a composition comprising an SDS-stable AP aggregate that is resistant
to denaturation by SDS that is prepared/isolated as described herein. More specifically, the
invention relates to a method for treating or preventing Alzheimer’s disease in a subject comprising
the administration to an animal or a patient of an immunogenic composition capable of inducing an
immune response directed against the SDS-stable AP aggregates that is resistant to denaturation by
SDS. |

Immunization regimens that may be used in achieving an immune response against toxic,
SDS-stable AP aggregates may include administration of the immunogenic composition, in multiple
dosages, for example over a 6 month period for an initial immunization followed by booster
injections at periodic intervals, for example 6 weeks period, or according to patient need, as
assessed by measuring immunological response.

The compositions of the invention as described above can be administered according to any
pharmaceutically effective route, including for example, peritoneal, oral, intranasal, subcutaneous,
intramuscular, topical or intravenous administration.

The active ingredients of the compositions including the immunogenic or hapten compounds
can be prepared as pharmaceutical composition for administration to a subject. Such compositions
will ideally be formulated into a pharmaceutically acceptable carrier. As used herein,
"pharmaceutically acceptable carrier" includes any and all solvents, dispersion media, coatings,

surfactants, antioxidants, preservatives (e.g., antibacterial agents, antifungal agents), isotonic agents,
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absorption delaying agents, salts, preservatives, drugs, drug stabilizers, gels, binders, excipients,
disintegration agents, lubricants, sweetening agents, flavoring agents, dyes, such like materials and
combinations thereof, as would be known to one of ordinary skill in the art. Except insofar as any
conventional carrier is incompatible with the active ingredient, its use in the therapeutic or
pharmaceutical compositions is contemplated.

The therapeutic immunization using the specific SDS-stable AP aggregates according to the
present invention may advantageously be combined with a method of diagnosing and monitoring
the efficacy of the therapeutic intervention. Such diagnostic methods may use any antibody that
detects plaque formation. One such antibody is the C6 nanobody used to isolate the immunogenic
compositions of the present invention. A variety of immunodetection methods are available. Such
immunodetection methods include enzyme linked immunosorbent assay (ELISA),
radioimmunoassay (RIA), immunoradiometric assay, fluoroimmunoassay, chemiluminescent assay,
bioluminescent assay, and Western blot, though several others are well known to those of ordinary
skill. The steps of various useful immunodetection methods have been described in the scientific
literature.

In general, the immunobinding methods include obtaining a sample suspected of containing
a protein, polypeptide and/or peptide (in this case an amyloid plaque), and contacting the sample
with a first antibody, monoclonal or polyclonal, as the case may be, under conditions effective to
allow the formation of immunocomplexes.

The immunobinding methods include methods for detecting and quantifying the amount of
amyloid plaques component in a sample and the detection and quantification of any immune
complexes formed during the binding process. Here, one would obtain the test and contact the
sample with an antibody that will detect the plaque components and then detect and quantify the
amount of immune complexes formed under the specific conditions. Performing such a detection
step before and after administration of a therapy or during the course of Alzheimer ’s disease treated
with an immunogenic composition of the invention allows an assessment of the efficacy of the
treatment.

Contacting the chosen biological sample with the antibody under effective conditions and
for a period of time sufficient to allow the formation of immune complexes (primary immune
complexes) is generally a matter of simply adding the antibody composition to the sample and
incubating the mixture for a period of time long enough for the antibodies to form immune
complexes with, i.e., to bind to, any antigens present. After this time, the sample-antibody

composition, such as a tissue section, ELISA plate, dot blot or western blot, will generally be
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washed to remove any non-specifically bound antibody species, allowing only those antibody
molecules specifically bound within the primary immune complexes to be detected.

In general, the detection of immunocomplex formation is well known in the art and may be
achieved through the application of numerous approaches. These methods are generally based upon
the detection of a label or marker, such as any of those radioactive, fluorescent, biological and
enzymatic tags. U.S. patents concerning the use of such labels include 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, each incorporated herein by
reference. Of course, one may find additional advantages through the use of a secondary binding
ligand such as a second antibody and/or a biotin/avidin ligand binding arrangement, as is known in
the art.

As noted above, the antibody specific for the plaque itself be linked to a detectable label,
wherein one would then simply detect this label, thereby allowing the amount of the primary
immune complexes in the composition to be determined. Alternatively, the first antibody that
becomes bound within the primary immune complexes with the plaque may be detected by means
of a second binding ligand that has binding affinity for the antibody. In these cases, the second
binding ligand may be linked to a detectable label. The second binding ligand is itself often an
antibody, which may thus be termed a "secondary" antibody. The primary immune complexes are
contacted with the labeled, secondary binding ligand, or antibody, under effective conditions and
for a period of time sufficient to allow the formation of secondary immune complexes. The
secondary immune complexes are then generally washed to remove any non-specifically bound
labeled secondary antibodies or ligands, and the remaining label in the secondary immune
complexes is then detected.

Further methods include the detection of primary immune complexes by a two step
approach. A second binding ligand, such as an antibody, that has binding affinity for antibody that
is used to detect the plaque is used to form secondary immune complexes, as described above. After
washing, the secondary immune complexes are contacted with a third binding ligand or antibody
that has binding affinity for the second antibody, again under effective conditions and for a period
of time sufficient to allow the formation of immune complexes (tertiary immune complexes). The
third ligand or antibody is linked to a detectable label, allowing detection of the tertiary immune
complexes thus formed. This system may provide for signal amplification if this is desired.

One method of immunodetection designed by Charles Cantor uses two different antibodies.
A first step biotinylated, monoclonal or polyclonal antibody specific for the disorder being detected

is used to detect the target antigen(s), and a second step antibody is then used to detect the biotin
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attached to the complexed biotin. In that method the sample to be tested is first incubated in a
solution containing the first step antibody. If the target antigen is present, some of the antibody
binds to the antigen to form a biotinylated antibody/antigen complex. The antibody/antigen complex
is then amplified by incubation in successive solutions of streptavidin (or avidin), biotinylated
DNA, and/or complementary biotinylated DNA, with each step adding additional biotin sites to the
antibody/antigen complex. The amplification steps are repeated until a suitable level of
amplification is achieved, at which point the sample is incubated in a solution containing the second
step antibody against biotin. This second step antibody is labeled, as for example with an enzyme
that can be used to detect the presence of the antibody/antigen complex by histoenzymology using a
chromogen substrate. With suitable amplification, a conjugate can be produced which is
macroscopically visible.

Another known method of immunodetection takes advantage of the immuno-PCR
(Polymerase Chain Reaction) methodology. The PCR method is similar to the Cantor method up to
the incubation with biotinylated DNA, however, instead of using multiple rounds of streptavidin
and biotinylated DNA incubation, the DNA/biotin/streptavidin/antibody complex is washed out
with a low pH or high salt buffer that releases the antibody. The resulting wash solution is then used
to carry out a PCR reaction with suitable primers with appropriate controls. At least in theory, the
enormous amplification capability and specificity of PCR can be utilized to detect a single antigen
molecule.

As detailed above, immunoassays, in their most simple and/or direct sense, are binding
assays. Certain immunoassays are the various types of enzyme linked immunosorbent assays
(ELISAs) and/or radioimmunoassays (RIA) known in the art. Immunohistochemical detection using
tissue sections is also particularly useful. However, it will be readily appreciated that detection is
not limited to such techniques, and/or western blotting, dot blotting, FACS analyses, and/or the like
may also be used.

In one exemplary ELISA, antibodies that are specific for the disease to be detected are
immobilized onto a selected surface exhibiting protein affinity, such as a well in a polystyrene
microtiter plate. Then, a test composition suspected of containing the diseased cells, such as a
clinical sample (e.g., a biological sample obtained from the subject), is added to the wells. After
binding and/or washing to remove non-specifically bound immune complexes, the bound antigen
may be detected. Detection is generally achieved by the addition of another antibody that is linked
to a detectable label. This type of ELISA is a simple "sandwich ELISA." Detection may also be
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achieved by the addition of a second antibody, followed by the addition of a third antibody that has
binding affinity for the second antibody, with the third antibody being linked to a detectable label.

In another exemplary ELISA, the samples suspected of containing the antigen are
immobilized onto the well surface and/or then contacted with antibodies. After binding and/or
washing to remove non-specifically bound immune complexes, the bound anti-antibodies are
detected. Where the initial antibodies are linked to a detectable label, the immune complexes may
be detected directly. Again, the immune complexes may be detected using a second antibody that
has binding affinity for the first antibody, with the second antibody being linked to a detectable
label.

Another ELISA in which the antigens are immobilized, involves the use of antibody
competition in the detection. In this ELISA, labeled antibodies against an antigen are added to the
wells, allowed to bind, and/or detected by means of their label. The amount of an antigen in an
unknown sample is then determined by mixing the sample with the labeled antibodies against the
antigen during incubation with coated wells. The presence of an antigen in the sample acts to reduce
the amount of antibody against the antigen available for binding to the well and thus reduces the
ultimate signal. This is also appropriate for detecting antibodies against an antigen in an unknown
sample, where the unlabeled antibodies bind to the antigen-coated wells and also reduces the
amount of antigen available to bind the labeled antibodies.

Irrespective of the format employed, ELISAs have certain features in common, such as
coating, incubating and binding, washing to remove non-specifically bound species, and detecting
the bound immune complexes.

In coating a plate with either biological sample to be tested or the diagnostic antibody used
to perform the testing, one will generally incubate the wells of the plate with a solution of the
antigen or antibody, either overnight or for a specified period of hours. The wells of the plate will
then be washed to remove incompletely adsorbed material. Any remaining available surfaces of the
wells are then "coated" with a nonspecific protein that is antigenically neutral with regard to the test
antisera. These include bovine serum albumin (BSA), casein or solutions of milk powder. The
coating allows for blocking of nonspecific adsorption sites on the immobilizing surface and thus
reduces the background caused by nonspecific binding of antisera onto the surface.

In ELISAs, it is probably more customary to use a secondary or tertiary detection means
rather than a direct procedure. Thus, after binding of a protein or antibody to the well, coating with
a non-reactive material to reduce background, and washing to remove unbound material, the

immobilizing surface is contacted with the biological sample to be tested under conditions effective
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to allow immune complex (antigen/antibody) formation. Detection of the immune complex then
requires a labeled secondary binding ligand or antibody, and a secondary binding ligand or antibody
in conjunction with a labeled tertiary antibody or a third binding ligand. '

"Under conditions effective to allow immune complex (antigen/antibody) formation" means
that the conditions in certain embodiments include diluting the biological sample to be tested
and/the diagnostic antibody composition with solutions such as BSA, bovine gamma globulin
(BGG) or phosphate buffered saline (PBS)/Tween. These added agents also tend to assist in the
reduction of nonspecific background.

The "suitable" conditions also mean that the incubation is at a temperature or for a period of
time sufficient to allow effective binding. Incubation steps are typically from about 1 to 2 to 4 hours
or so, at temperatures, in certain embodiments, on the order of 25°C to 27°C, or may be overnight at
about 4°C or so.

Following all incubation steps in an ELISA, the contacted surface is washed so as to remove
non-complexed material. An example of a washing procedure includes washing with a solution such
as PBS/Tween, or borate buffer. Following the formation of specific immune complexes between
the test sample and the originally bound material, and subsequent washing, the occurrence of even
minute amounts of immune complexes may be determined.

To provide a detecting means, the second or third antibody will have an associated label to
allow detection. This may be an enzyme that will generate color development upon incubating with
an appropriate chromogenic substrate. Thus, for example, one will desire to contact or incubate the
first and second immune complex with a urease, glucose oxidase, alkaline phosphatase or hydrogen
peroxidase-conjugated antibody for a period of time and under conditions that favor the
development of further immune complex formation (e.g., incubation for 2 hours at room
temperature in a PBS-containing solution such as PBS-Tween).

After incubation with the labeled antibody, and subsequent to washing to remove unbound
material, the amount of label is quantified, e.g., by incubation with a chromogenic substrate such as
urea, or bromocresol purple, or 2,2'-azino-di-(3-ethyl-benzthiazoline-6-sulfonic acid (ABTS), or
H202, in the case of peroxidase as the enzyme label. Quantification is then achieved by measuring
the degree of color generated, e.g., using a visible spectra spectrophotometer.

In various aspects of the invention, it will be desirable to further subject patients to more
traditional AD diagnostic approaches. Such general approaches for diagnosis are set out below.

The diagnosis of both early (mild) cognitive impairment and AD are based primarily on

clinical judgment. However, a variety of neuropsychological tests aid the clinician in reaching a
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diagnosis. Early detection of only memory deficits may be helpful in suggesting early signs of AD,
since other dementias may present with memory deficits and other signs. Cognitive performance
tests that assess early global cognitive dysfunction are useful, as well as measures of working
memory, episodic memory, semantic memory, perceptual speed and visuospatial ability. These tests
can be administered clinically, alone or in combination. Examples of cognitive tests according to
cognitive domain are shown as examples, and include "Digits Backward" and "Symbol Digit"
(Attention), "Word List Recall" and "Word List Recognition" (Memory), "Boston Naming" and
"Category Fluency" (Language), "MMSE 1-10" (Orientation), and "Line Orientation"
(Visuospatial). Thus, neuropsychological tests and education-adjusted ratings are assessed in
combination with data on effort, education, occupation, and motor and sensory deficits. Since there
are no consensus criteria to clinically diagnose mild cognitive impairment, various combinations of
the above plus the clinical examination by an experienced neuropsychologist or neurologist are
important to proper diagnosis. As the disease becomes more manifest (i.e., becomes a dementia
rather than mild cognitive impairment), the clinician may use the criteria for dementia and AD set
out by the joint working group of the National Institute of Neurologic and Communicative
Disorders and Stroke/AD and Related Disorders Association (NINCDS/ADRDA). On occasion, a
clinician may request a head computed tomography (CT) or a head magnetic resonance imaging

(MRI) to assess degree of lobar atrophy, although this is not a requirement for the clinical diagnosis.

Vaccines of the Invention

The present invention provides a vaccine for use to protect mammals against the AD. In one
embodiment of this invention, the composition can be delivered to a mammal in a
pharmacologically acceptable vehicle. An immunological response to a composition or vaccine is
the development in the host of a cellular and/or antibody-mediated immune response to the
polypeptide or vaccine of interest. Usually, such a response consists of the subject producing
antibodies, B cell, helper T cells, suppressor T cells, and/or cytotoxic T cells directed specifically to
an antigen or antigens included in the composition or vaccine of interest. Vaccines of the present
invention can also include effective amounts of immunological adjuvants, known to enhance an
immune response.

To immunize a subject, the composition is administered parenterally, usually by
intramuscular or subcutaneous injection in an appropriate vehicle. Other modes of administration,

however, such as oral, intranasal or intradermal delivery, are also acceptable.
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Vaccine formulations will contain an effective amount of the active ingredient in a vehicle,
the effective amount being readily determined by one skilled in the art. The active ingredient may
typically range from about 1% to about 95% (w/w) of the composition, or even higher or lower if
appropriate. The quantity to be administered depends upon factors such as the age, weight and
physical condition of the animal or the human subject considered for vaccination. The quantity also
depends upon the capacity of the animal's immune system to synthesize antibodies. Effective
dosages can be readily established by one of ordinary skill in the art through routine trials
establishing dose response curves. The subject is immunized by administration of the composition
in one or more doses. Multiple doses may be administered as is required to maintain a state of
therapeutic effect.

Intranasal formulations may include vehicles that neither cause irritation to the nasal mucosa
nor significantly disturb ciliary function. Diluents such as water, aqueous saline or other known
substances can be employed with the subject invention. The nasal formulations may also contain
preservatives such as, but not limited to, chlorobutanol and benzalkonium chloride. A surfactant
may be present to enhance absorption of the subject proteins by the nasal mucosa.

Oral liquid preparations may be in the form of, for example, aqueous or oily suspension,
solutions, emulsions, syrups or elixirs, or may be presented dry in tablet form or a product for
reconstitution with water or other suitable vehicle before use. Such liquid preparations may contain
conventional additives such as suspending agents, emulsifying agents, non-aqueous vehicles (which
may include edible oils), or preservative.

To prepare a vaccine, the composition can be isolated, lyophilized and stabilized, as
described above. The composition may then be adjusted to an appropriate concentration, optionally
combined with a suitable vaccine adjuvant, and packaged for use. Suitable adjuvants include but
are not limited to surfactants, e.g., hexadecylamine, octadecylamine, lysolecithin,
dimethyldioctadecylammonium bromide, N,N-dioctadecyl-N'-N-bis(2-hydroxyethyl-propane di-
amine), methoxyhexadecyl-glycerol, and pluronic polyols; polanions, e.g., pyran, dextran sulfate,
poly IC, polyacrylic acid, carbopol; peptides, e.g., muramyl dipeptide, aimethylglycine, tuftsin, oil
emulsions, alum, and mixtures thereof. Other potential adjuvants include the B peptide subunits of
E. coli heat labile toxin or of the cholera toxin. McGhee, J.R., et al., "On vaccine development,"
Sem. Hematol., 30:3-15 (1993). Finally, the immunogenic product may be incorporated into
liposomes for use in a vaccine formulation, or may be conjugated to proteins such as keyhole limpet

hemocyanin (KLH) or human serum albumin (HSA) or other polymers.
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Formulations and Methods of Administration

The compositions of the invention may be formulated as pharmaceutical compositions and
administered to a mammalian host, such as a human patient, in a variety of forms adapted to the
chosen route of administration, i.e., orally, intranasally, intradermally or parenterally, by
intravenous, intramuscular, topical or subcutaneous routes.

Thus, the present compounds may be systemically administered, e.g., orally, in combination
with a pharmaceutically acceptable vehicle such as an inert diluent or an assimilable edible carrier.
They may be enclosed in hard or soft shell gelatin capsules, may be compressed into tablets, or may
be incorporated directly with the food of the patient's diet. For oral therapeutic administration, the
active compound may be combined with one or more excipients and used in the form of ingestible
tablets, buccal tablets, troches, capsules, elixirs, suspensions, syrups, wafers, and the like. Such
compositions and preparations should contain at least 0.1% of active compound. The percentage of
the compositions and preparations may, of course, be varied and may conveniently be between
about 2 to about 60% of the weight of a given unit dosage form. The amount of active compound in
such therapeutically useful compositions is such that an effective dosage level will be obtained.

The tablets, troches, pills, capsules, and the like may also contain the following: binders
such as gum tragacanth, acacia, corn starch or gelatin; excipients such as dicalcium phosphate; a
disintegrating agent such as corn starch, potato starch, alginic acid and the like; a lubricant such as
magnesium stearate; and a sweetening agent such as sucrose, fructose, lactose or aspartame or a
flavoring agent such as peppermint, oil of wintergreen, or cherry flavoring may be added. When the
unit dosage form is a capsule, it may contain, in addition to materials of the above type, a liquid
carrier, such as a vegetable oil or a polyethylene glycol. Various other materials may be present as
coatings or to otherwise modify the physical form of the solid unit dosage form. For instance,
tablets, pills, or capsules may be coated with gelatin, wax, shellac or sugar and the like. A syrup or
elixir may contain the active compound, sucrose or fructose as a sweetening agent, methyl and
propylparabens as preservatives, a dye and flavoring such as cherry or orange flavor. Of course,
any material used in preparing any unit dosage form should be pharmaceutically acceptable and
substantially non-toxic in the amounts employed. In addition, the active compound may be
incorporated into sustained-release preparations and devices.

The active compound may also be administered intravenously or intraperitoneally by
infusion or injection. Solutions of the active compound or its salts may be prepared in water,

optionally mixed with a nontoxic surfactant. Dispersions can also be prepared in glycerol, liquid
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polyethylene glycols, triacetin, and mixtures thereof and in oils. Under ordinary conditions of
storage and use, these preparations contain a preservative to prevent the growth of microorganisms.

The pharmaceutical dosage forms suitable for injection or infusion can include sterile
aqueous solutions or dispersions or sterile powders comprising the active ingredient that are adapted
for the extemporaneoﬁs preparation of sterile injectable or infusible solutions or dispersions,
optionally encapsulated in liposomes. In all cases, the ultimate dosage form should be sterile, fluid
and stable under the conditions of manufacture and storage. The liquid carrier or vehicle can be a
solvent or liquid dispersion medium comprising, for example, water, ethanol, a polyol (for example,
glycerol, propylene glycol, liquid polyethylene glycols, and the like), vegetable oils, nontoxic
glyceryl esters, and suitable mixtures thereof. The proper fluidity can be maintained, for example,
by the formation of liposomes, by the maintenance of the required particle size in the case of
dispersions or by the use of surfactants. The prevention of the action of microorganisms can be
brought about by various antibacterial and antifungal agents, for example, parabens, chlorobutanol,
phenol, sorbic acid, thimerosal, and the like. In certain cases, one may include isotonic agents, for
example, sugars, buffers or sodium chloride. Prolonged absorption of the injectable compositions
can be brought about by the use in the compositions of agents delaying absorption, for example,
aluminum monostearate and gelatin.

Sterile injectable solutions are prepared by incorporating the active compound in the
required amount in the appropriate solvent with various of the other ingredients enumerated above,
as required, followed by filter sterilization. In the case of sterile powders for the preparation of
sterile injectable solutions, in certain embodiments, the methods of preparation are vacuum drying
and the freeze drying techniques, which yield a powder of the active ingredient plus any additional
desired ingredient present in the previously sterile-filtered solutions.

For topical administration, the present compounds may be applied in pure form, i.e., when
they are liquids. However, it will generally be desirable to administer them to the skin as
compositions or formulations, in combination with a dermatologically acceptable carrier, which
may be a solid or a liquid.

Useful solid carriers include finely divided solids such as talc, clay, microcrystalline
cellulose, silica, alumina and the like. Useful liquid carriers include water, alcohols or glycols or
water-alcohol/glycol blends, in which the present compounds can be dissolved or dispersed at
effective levels, optionally with the aid of non-toxic surfactants. Adjuvants such as fragrances and

additional antimicrobial agents can be added to optimize the properties for a given use. The
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resultant liquid compositions can be applied from absorbent pads, used to impregnate bandages and
other dressings, or sprayed onto the affected area using pump-type or aerosol sprayers.

Thickeners such as synthetic polymers, fatty aéids, fatty acid salts and esters, fatty alcohols,
modified celluloses or modified mineral materials can also be employed with liquid carriers to form
spreadable pastes, gels, ointments, soaps, and the like, for application directly to the skin of the
user.

Examples of useful dermatological compositions that can be used to deliver the compounds
of the present invention to the skin are known to the art; for example, see Jacquet et al. (U.S. Pat.
No. 4,608,392), Geria (U.S. Pat. No. 4,992,478), Smith et al. (U.S. Pat. No. 4,559,157) and
Wortzman (U.S. Pat. No. 4,820,508).

Useful dosages of the compounds of the present invention can be determined by comparing
their in vitro activity, and in vivo activity in animal models. Methods for the extrapolation of
effective dosages in mice, and other animals, to humans are known to the art; for example, see U.S.
Pat. No. 4,938,949.

Generally, the concentration of the compound(s) of the present invention in a liquid
composition, such as a lotion, will be from about 0.1-25 wt-%, or from about 0.5-10 wt-%. The
concentration in a semi-solid or solid composition such as a gel or a powder will be about 0.1-5 wt-
%, or about 0.5-2.5 wt-%.

The amount of the compound, or an active salt or derivative thereof, required for use in
treatment will vary not only with the particular salt selected but also with the route of
administration, the nature of the condition being treated and the age and condition of the patient and
will be ultimately at the discretion of the attendant physician or clinician.

In general, however, a suitable dose will be in the range of from about 0.5 to about 100
mg/kg, e.g., from about 10 to about 75 mg/kg of body weight per day, such as 3 to about 50 mg per
hlogam body weight of the recipient per day, in the range of 6 to 90 mg/kg/day, or in the range of
15 to 60 mg/kg/day.

The compound is conveniently administered in unit dosage form; for example, containing 5
to 1000 mg, conveniently 10 to 750 mg, most conveniently, 50 to 500 mg of active ingredient per
unit dosage form.

Ideally, the active ingredient should be administered to achieve peak plasma concentrations
of the active compound of from about 0.5 to about 75 uM, about 1 to 50 uM, or about 2 to about 30
uUM. This may be achieved, for example, by the intravenous injection of a 0.05 to 5% solution of

the active ingredient, optionally in saline, or orally administered as a bolus containing about 1-100
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mg of the active ingredient. Desirable blood levels may be maintained by continuous infusion to
provide about 0.01-5.0 mg/kg/hr or by intermittent infusions containing about 0.4-15 mg/kg of the
active ingredient(s).

The desired dose may conveniently be presented in a single dose or as divided doses
administered at appropriate intervals, for example, as two, three, four or more sub-doses per day.
The sub-dose itself may be further divided, e.g., into a number of discrete loosely spaced
administrations; such as multiple inhalations from an insufflator or by application of a plurality of

drops into the eye.

EXAMPLES
Materials And Methods
Phage Display scFv Library. The Sheets phage display scFv library comprising over 10'2

different scFv fragments was provided by Dr Yu (Eunice) Zhou, Department of Anesthesia,
University of San Francisco (29).

Phage Production. Production of phage from the Sheets library was performed essentially as-

described (30). Briefly, E. coli TG1 cultures in the exponential phase were infected with helper
phage VCSMI13 (Strategene) at a ratio of 1:50 (number of bacterial cells/phage particles) for 30
minutes at 37°C without shaking. Cultures were grown for 1-2 hr at 37°C in the presence of 100
ug/mL ampicillin and 25ug/mlL kanamycin for phage production followed by centrifugation at 3000
x g for 20 minutes. The pellet was removed and resuspended in 1L 2xYT with 100 pg/mL
ampicillin and 25 pg/mL kanamycin, and grown overnight at 30°C. Phage were purified from the
supernatant by polyethylene glycol (PEG) and NaCl precipitation and resuspended in PBS
(phosphate-buffered saline) and used for panning.

Brain Derived Antigens. The brain derived antigens were a generous gift from Dr Dennis

Selkoe (Harvard Medical School, Boston). A 40 ng aliquot of enriched brain derived samples
containing SDS-stable AP oligomers or AP monomers were obtained as lyophilized powder. Prior
to the bio-panning experiments, the samples were re-suspended in TBS buffer to a final Ap
concentration of 5 nM, aliquoted, and stored at -20 °C. Brain samples from which AP has been
completely depleted by immunoprecipitation were used as a control.

Preparation of Synthetic AB. AP40 was synthesized in the Proteomics and Protein

Chemistry Laboratory at Arizona State University, purified by HPLC, lyophilized and stored as its
Trifluoroacetate salt AB40 at -20°C. Samples were prepared as previously described (28). Briefly,
AP40 was solubilized in 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) at a concentration of 1 mg/mL to
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avoid aggregates. Aliquots of 250 pL were air dried and stored at —20 °C. Prior to use, the aliquots
of monomeric A were re-suspended in dimethyl-sulfoxide (DMSO) and diluted to final
concentration in Tris-HCI buffer (20 mM Tris, 150 mM NaCl, pH 7.5).

Atomic Force Microscope (AFM) Imaging. AFM analysis was performed as described

previously (31). Samples were deposited on mica, dried and imaged in air using a MultiMode AFM
NanoScope IIA system (Veeco/Digital Instruments, Santa Barbara, CA) operating in tapping mode
using silicon probes (Model: OTESPA, Veeco, Santa Barbara, CA) (31).

Bio-panning Against Natural Brain Derived Antigen. The bio-panning process was

performed in 2 steps. The first step, referred to as “Negative panning” was used to eliminate phage
that bind to non-desired antigen. The second step, “Positive panning” was used to isolate phage that
bind the target antigen (Fig. 1).

1. Negative panning. Negative panning was performed to eliminate phage binding to

non-desired antigens. A Ing aliquot of brain derived control proteins, 1ng of brain derived
monomers and 1ug of synthetic monomers were deposited on multiple pieces of mica and air dried.
A 100pL aliquot of amplified phage containing 10'* phage units was serially added first to the brain
derived control, next to brain derived monomers, and finally to multiple pieces of synthetic
monomers in 25 pl aliquots. The phage was allowed to incubate with each piece of antigen coated
mica for 10 min before removal and addition to the next sample. The negative panning steps were
performed in duplicate with one set used for panning and the second set used for AFM imaging to
monitor the panning process. Serial addition of phage to mica substrates containing the synthetic Ap
monomer samples was continued until no phage was observed binding to antigen by AFM analysis.
Aliquots of 1xPBS were periodically added to restore phage solution volume lost due to evaporation
from mica surface.

2. Positive Panning. A 1ng aliquot of natural brain derived SDS-stable AP oligomers
was deposited onto mica and air dried. After all the non-binding and non-specific binding phage
were eliminated in the negative panning steps, a 20uL aliquot of remaining phage was added to
mica surface, incubated for 10 min and then sequentially washed with 2mL PBS-0.1% Tween-20,
2mL PBS and 2mL water and then air dried. This positive panning step was performed in duplicate,
with one set used for the panning steps and the second set used for AFM imaging to monitor the
panning process. Bound phage particles were eluted and recovered as previously described (25, 27).

Selection of High Affinity Clones. Approximately 400 clones were recovered from the

positive panning step and each was individually grown in 96 well plates. Phage production from the

individual clones was induced by addition of helper phage as previously described. Serial dilutions
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of the natural brain derived AP oligomers (1/10 - 1/10,000) were deposited on mica. Phage from all
400 clones were pooled and added to each of the mica samples. Unbound phage were washed off
with 2mL PBS-0.1% Tween-20 and water and remaining phage was visualized by AFM. Phage was
eluted from each of the dilutions as described above and used to infect E. coli TG1 and plated onto
LB agar plates. Single clones were picked from the lowest dilution plate, plasmid DNA was isolated
and checked by sequence analysis to verify sequence of the isolated nanobodies.

Dot Blot Assay to Screen for Expression Levels. To check expression levels, plasmid DNA

from the positive clones identified above were transformed into the non-suppressor E. coli HB2151
for production of soluble nanobody. Individually selected clones were grown and nanobody
production was induced by addition of 1 mM isopropyl-B-D-thiogalactopyranoside (IPTG) as
described earlier (30). A 5 pl aliquot of the supernatant and lysate fractions from the different
clones were deposited onto a gridded nitrocellulose membrane. The membrane was blocked with
5% Milk-PBS (5g Carnation nonfat dry milk in 100ml PBS buffer) for at least one hour at room
temperature followed by incubation overnight with a 1:1000 dilution of the primary anti-myc tag
antibody 9E10 (Sigma). Immunoreactivity was detected after a 1-h incubation using a 1:1000
dilution of the secondary anti-mouse IgG HRP antibody (Sigma). The membrane was stained with
3.3’-Diaminobenzidine Tetrahydrochloride (DAB) solution (Sigma). One phage clone, which
encoded scFv C6 (also called “nanobody C6”) was selected for further experiments based on its
higher expression levels.

Binding Specificity by Phage Assay. To confirm binding specificity of C6 nanobody to

brain derived oligomers, phage encoding the C6 nanobody, as well as phage encoding a nanobody
specific for a synthetic oligomeric morphology of AB, A4, were produced from E. coli TG-1
essentially as described (25, 27). Purified phage were added to naturally-derived or synthetically-
derived A oligomers on the mica surface, and phage binding to the antigen was visualized by
AFM.

Production and Purification of Soluble Nanobody. To express and purify soluble nanobody,

nucleic acid encoding C6 nanobody was first cloned into a pIT2 E. coli expression vector, and
transformed into E. coli Hb2151. The supernatant and cell lysate from a 1L culture were combined
and concentrated in a tangential flow filter (Millipore) using a 10 kDa filter membrane (Millipore).
The concentrated supernatant/lysate was used for dot blot and western blot assays.

For nanobody purification, a 6xHis tagged nanobody was purified by mixing with 1 ml
Nickel NTA sepharose beads (Qiagen, CA) for 2 hours, followed by elution with an imidazole

gradient. Fractions containing nanobodies were pooled and dialyzed into 1 x PBS. Protein
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expression and purity was checked with SDS-PAGE and western blotting. A bicinchonic acid
(BCA) protein assay (Sigma) was used to determine nanobody concentration as previously
described (28).

Culture of Human APP Over-expressing Cells. The C6 nanobody was tested for its ability to

recognize naturally derived AP oligomers secreted by a Chinese hamster ovary (CHO) cell line
stably transfected with cDNA encoding mutant human APP751 (7PA2). The 7PA2 cells were a kind
gift from Dr. Dennis Selkoe (Harvard Medical School, Boston). Cells were grown in Dulbecco
Modified Eagle medium (DMEM) containing 10% fetal bovine serum, 1% L-glutamine and 1%
penicillin/streptomycin (Gibco). Selection for mutant APP expressing cells was performed using 1
mg/ml G-418 (Calbiochem), an amyloglycoside antibiotic. Once the cells reach 95% confluence,
TPA2 cells were plated onto 6 well plates and used for further studies.

Detection of AB Expressed by Human APP Over-expressing Cells. The 7PA2 cells were

grown for 2 days after which the cell culture media was removed and concentrated. Total protein
concentration was determined by BCA and 25pg of cell culture media was separated on a 10%
Tris/Tricine gel and transferred onto a 0.2 pm nitro-cellulose membrane (Bio-Rad). The membrane
was probed for 24 hours with the concentrated supernatant/lysate containing C6 nanobody. The
membrane was then incubated overnight with a 1/1000 dilution of primary anti-myc tag antibody.
Immunoreactivity was detected following a 1-hour incubation with a 1/1000 dilution of a HRP
conjugated goat anti-mouse IgG as secondary antibody. The membrane was stained with DAB
solution as described above (Sigma).

AP Aggregation assay. Aggregation of monomeric AP, prepared as described above, was

initiated by dilution in Tris-HCl buffer to a concentration of 50 pM and incubation in a 37°C
incubator. For co-incubation studies of Ap with C6 nanobody, a 50 uM solution of monomeric AB
was incubated with 5SuM C6 at 37°C. Aliquots were removed at selected time intervals for further
analysis.

Thioflavin T (ThT) Fluorescence Assay. ThT fluorescence assay was performed essentially

as described (42). Fluorescence intensity was monitored at an excitation wavelength of 450 nm and
an emission wavelength of 482 nm with a Shimadzu PF-3501PC spectrofluorophotometer
(Shimadzu, Japan) using 1 cm light-path quartz cuvettes with both excitation and emission
bandwidths of 5 nm (27-28, 32). All ThT fluorescence experiments were performed in triplicate.
The standard errors were analyzed with Excel.

Tris-Tricine SDS-PAGE and Western-blot. Western blot analysis was used to characterize

the AP species generated upon co-incubation with C6 nanobody. Aliquots of the AB sample
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incubated with or without C6 nanobody corresponding to different time points of aggregation were
removed and separated on a 10% Tris/Tricine gel and transferred onto a 0.2 pm nitro-cellulose
membrane (Bio-Rad). The membrane was probed for 24 hours with a 1/1000 dilution mouse
monoclonal antibody 6E10 (Calbiochem, USA) which recognizes the N-terminus of the AB peptide
and immunoreactivity was detected following a 1-hour incubation with a 1/1000 dilution of a HRP
conjugated goat anti-mouse IgG as secondary antibody to determine monomeric and oligomeric AB
levels in the aggregated samples.

SH-SYS5Y Neuroblastoma Cell Toxicity Assay. The human neuroblastoma cell line SH-
SYSY was obtained from the American Tissue Culture Collection (USA). Cells were cultured as

previously described (27-28). To test for toxicity, a SpL aliquot of the AB samples corresponding to
different time points of aggregation with or without C6 nanobody was added to the cells and
incubated for 48 hours. Cytotoxicity was measured by Lactose dehydrogenase (LDH) release assay
(Sigma) as described (26-28, 32). Three wells were used for each sample, and each experiment was
performed in triplicate. The data are reported as the percentage of LDH released compared to the
LDH released from wells with Tris-HCI buffer alone (26, 32-33). The standard errors were analyzed
with Excel.

Brain Dot Blot Assays. Mouse brain tissue from wild type and triple transgenic (3xTg) mice

were generously provided by Dr John Valla (Barrow Neurological Institute, St. Josephs Hospital,
Phoenix, AZ). The brain tissue was weighed on ice and 4 volumes of homogenization buffer (50
mM Tris-HCL, 10 mM EDTA pH 7.5) with 1 % SDS was added followed by sonication of the
samples. A 1/100 dilution of the protease inhibitor cocktail (Halt Protease inhibitor, Pierce) was
added and the samples were centrifuged at 13,000 rpm long enough to remove any insoluble
material (typically 15-45min at 4 °C). The resulting extracts were separated on a 10% Tris/Tricine
gel followed by transfer onto a 0.2pum nitrocellulose membrane and probed with C6 nanobody as
described.

Human brain sections were generously provided by Dr. Thomas Beach (Civin Laboratory
for Neuropathology, Sun Health Research Institute, Sun City, AZ). Brain tissue from non-diseased
(ND) or Alzheimer’s disease (AD) brains were homogenized and 12pg aliquots were applied to a
gridded nitrocellulose membrane as previously reported (28). Staining intensities of the blot were
quantified using ImageJ software.

Results

Bio-panning against Naturally Derived AB oligomers. Serial negative panning performed

against brain derived proteins from which AB has been depleted (Fig 2A), brain-derived monomer
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coated mica (Fig. 2B) and 5 pieces of mica coated with synthetic AB monomers (Fig 2C-E) resulted
in elimination of virtually 100% of phage binding to these off-target antigens. The remaining phage
aliquot from the last synthetic monomer coated mica was then added to mica coated with the brain
derived SDS-stable A oligomers (Fig 2F). Approximately 400 single clones were recovered from
the positive panning step.

Phage Recovered from Panning Binds Specifically to Brain Derived Oligomers. We verified

that phage recovered from the positive panning steps specifically bound SDS-stable oligomeric A,
but not to other, off-target antigens. Pooled phage from the approximately 400 recovered clones
showed abundant binding to the brain derived AP oligomers, but not to monomeric A or other
brain derived proteins (Fig. 3).

Selection for High Affinity Phage. To select phage with the highest affinity for oligomeric

AP, we added an aliquot of the pooled phage from the 400 recovered clones to serial dilutions of
brain derived AP oligomers. At low antigen concentrations, high affinity clones should
preferentially bind over low affinity variants. Phage reéovered from the mica samples containing
10pg of brain derived AP oligomers were used for further analyses.

Production of Soluble Nanobody. DNA sequence analysis indicated that there were 18

distinct clones from the 30 clones recovered from the mica sample containing 10pg of brain derived
AB. Expression levels of the 18 clones were analyzed and clone C6 was selected for further studies
based on its high expression (Fig. 4).

C6 Phage Specifically Recognizes Brain Derived Oligomers. We verified that C6 phage

specifically bound brain derived AP oligomers and did not bind other brain derived proteins or
synthetic AP oligomers. C6 phage specifically bound natural brain derived oligomers but not
synthetic AP aggregates corresponding to 3 days of aggregation (Fig. SA-B). In contrast, a
previously described nanobody that specifically recognized a synthetic oligomeric form of Ap, A4,
bound the 3D AP aggregates but did not bind the brain derived AB oligomers recognized by C6
(Fig. 5C-D).

Purification of C6 Nanobody. Soluble protein from the C6 phage was expressed and purified

by metal ion chromatography. Purified protein showed the expected 29kDa band corresponding to a
full length scFv (data not shown).
C6 Recognizes an Oligomeric AB Species Produced by 7PA2 Cells. When cell supernatant

from hAPP over-expressing 7PA2 cells was analyzed by western blot probed with C6 nanobody, a
12-16 kDa band could be detected, corresponding to either an SDS-stable trimeric or tetrameric
aggregate of AP (Fig. 6).
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C6 Inhibits Aggregation of AB. The inventors next determined whether the C6 nanobody

could alter in vitro aggregation of AB. Incubation of AP alone showed a typical time-dependent
increase in ThT fluorescence reaching a plateau after 10 days when fibrils are formed, while co-
incubation of AB with C6 nanobody dramatically inhibited aggregation, as evidenced by both ThT
staining (Fig. 7) and AFM analysis (Fig. 8).

Height Distribution Analyses. To determine the size of the AP aggregates stabilized upon

incubation with the C6 nanobody, we performed a height distribution analysis of the AFM images
obtained from the samples taken at different time points with AB incubated alone and AP co-
incubated with C6 nanobody. When incubated alone, AB aggregates show a continual increase in
height with time, starting with heights <1 nm at t = 0 h, presumably corresponding to monomeric
AB, and increasing steadily with time, whereas heights >4nm corresponding to fibrillar AB
predominate after 7 days (Table 1A). In contrast, when A is co-incubated with C6 nanobody, the
aggregation rate of AB is dramatically altered, with particle heights remaining essentially constant
with the vast majority of particles having heights between 2-3nm, even after 7 days of aggregation
(Table 1B).

Table 1 AB40 incubated alone (A) or co-incubated with 5 uM C6 nanobody (B) for 8 days.
Height distribution analysis of AFM samples was performed using SPIP software. Percentages

corresponding to highest occurrences for each time point are indicated in bold.

Table 1

Heights Ohr _ lday 2d 3d 5d 8d
A.AB40 Alone

<lnm 98.7 08 0 0.1 0 0
1-2nm 1.3 76.2 2.8 4.5 0.9 0.1
2-3nm 0 21.8 92.5 82.4 17.2 0.3
3-4nm 0 0.9 34 11.7 69.5 438
>4nm 0 0.3 1.3 1.3 12.4 94.8
B. AB40 co-incubated with C6

0-1nm ‘ 43.6 10.8 0.1 0.4 0.1
1-2nm 26.2 36.3 6.0 19.6 39.2
2-3nm 142 25.5 56.8 77.4 59.6
3-4nm 6.5 22.1 34.3 2.0 0.8
>4nm 935 5.3 2.8 0.6 0.2

Since the in vitro AP aggregates are not SDS-stable, when the AB samples corresponding to

different time points of aggregation are separated on a 10% Tris/Tricine gel containing SDS, all

29



10

15

20

25

30

WO 2012/082237 PCT/US2011/057904

lanes showed a strong band corresponding to monomeric A (Fig 9A). However, when the AR
samples were incubated with C6 nanobody a distinct reduction in monomeric AP levels was
observed with time (Fig 9A). Low intensity bands corresponding to AP aggregates of sizes 28kD,
40kD and 56kD could be observed (Fig. 9B) indicating that co-incubation with C6 generates SDS-
stable oligomers similar to the oligomers generated in vivo.

Effect of C6 Nanobodies on AP Induced Cytotoxicity Towards SH-SY5Y Neuroblastoma

Cells. Since C6 nanobody blocks aggregation of AP into fibrils, but stabilizes the formation of an
oligomeric species, we determined whether C6 nanobody alters cytotoxicity of AP aggregates
toward a SH-SY5Y neuroblastoma cell line. Cells treated with AB alone showed an expected
increase in toxicity when incubated with oligomeric AP, with peak toxicity observed at 3 and 4 days
of aggregation when 2-3nm oligomeric AP concentration are highest (Fig. 10). As the particle
height increased upon further aggregation into proto-fibrils and fibrils after 7 and 10 days, a
reduction in toxicity was observed. Incubation of cells with the AB samples co-incubated with C6
nanobody showed similar toxic effects, with toxicity slightly increasing at earlier time points
suggesting that the 2-3nm aggregate species stabilized by incubating AB with C6 nanobody are
toxic to the neuronal cell line (Fig. 10).

C6 Nanobody Recognizes AP Aggregates in Brain Tissue. To determine whether C6

nanobody could also recognize small oligomeric AP aggregates in brain tissue, we tested different
age mouse brain tissue from wild type and triple transgenic (3xTg) mice developed by LaFerla et al.
(34). Brain extracts from AP over-expressing transgenic mice (Tg2576) and control mice were
homogenized and run on a 10% Tris-Tricine gel, and transferred onto a nitro-cellulose membrane
for western blot analysis. The membrane was probed with C6 nanobody using a 9E10-biotin
primary and streptavidin-HRP as secondary antibody and stained with DAB (Sigma). Staining
intensity of bands corresponding to 40 kDa was quantified using ImageJ software and compared to
the background. Samples with standard deviation a) <2 times background are denoted as -; b) 2-3
times background as +; and c) 3-4 times background as ++ and d) >4 times background as +++.
Thus, when the tissues were probed with C6 nanobody, strong reactivity was observed with 22 and
27 weeks old 3xTg samples, while little or no binding was observed with similar aged mice or 68.4

week 3xTg mice (Table 2).
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Table 2. C6 reactivity with mouse brain samples

Mouse Type | Age Reactivity
Wild Type 22 wks -
Wild Type 28.7 wks -
Transgenic | 10 wks +
Transgenic | 22 wks ++
Transgenic | 27.3 wks +
Transgenic | 68.4 wks +

Next, the C6 antibody fragment was reacted with blotted aliquots of soluble homogenized

samples obtained from healthy (ND) or AD human brain tissue. Brain extracts from the medial

temporal gyrus of Non Diseased patients (ND) and Alzheimer’s Disease patients (AD) were

homogenized and deposited onto a nitrocellulose membrane and probed with C6 nanobody.

Staining intensity of the dot blot was quantified using ImageJ software and compared to the

background. Samples with standard deviation a) <2 times background are denoted as -; b) 2-3 times

background as +; and c) 3-4 times background as ++ and d) >4 times background as +++. Thus, C6

reacted strongly with brain tissue from AD patients who had moderate plaque frequency, but

showed little or no reaction with brain tissue from AD patients with severe plaques or with the ND

patients (Table 3).

Table 3. C6 reactivity with human brain samples

Sample | Sample Description Reactivity
ND1 No plaque -
ND2 No plaque -
ND3 No plaque +
ND4 | Moderate Frequency Plaque -
ND5 Moderate Frequency Plaque -
ND6 Moderate Frequency Plaque +
ADI1 Moderate Frequency Plaque ++
AD2 Moderate Frequency Plaque +H+
AD3 Moderate Frequency Plaque ++

31



10

15

20

25

WO 2012/082237 PCT/US2011/057904

ADA4 Severe Plaques +

ADS Severe Plaques -
AD6 Severe Plaques -

Discussion

According to the amyloid cascade hypothesis, neuronal death in AD is a consequence of
accumulation and deposition of AB which could result either from its over-production or reduced
clearance (35). Fibrillar forms of AP are the major pathological features of AD, and were initially
thought to be responsible for neurodegeneration (36-37). However, numerous studies implicate
small soluble AP aggregates as the relevant toxic species. For example passive immunization of
transgenic mouse models with antibodies against AB showed recovery of memory loss without
reduction of amyloid plaque burden (23-24). SDS-stable AB dimers and trimers were extracted in
the soluble fraction from human AD brain and extracts of amyloid plaques (38-41). These low-n
SDS-stable A oligomers were implicated in the inhibition of hippocampal LTP in rats (18),
impairment of short term memory (19), affected the dendritic morphology in neuronal cells by
causing synaptic losses (20) and correlated strongly with dementia in AD patients (14). These
studies suggest that these low-n SDS-stable A oligomers are involved in AD, and reagents that
recognize this AP aggregate species can be valuable therapeutic and diagnostic tools.

Single chain variable domain (scFv) antibodies represent a therapeutic approach that can
avoid the inflammatory responses seen with conventional antibodies and can be selected to have
specificity for target morphologies. The inventors previously developed a novel bio-panning
technique combining atomic force microscopy and phage display technology (25) that enabled
isolation of antibody fragments against specific morphologies of AB (28). The bio-panning was
performed against synthetic AP oligomers generated in vitro. In order to isolate antibody fragments
against the synapto-toxic naturally derived low-n SDS-stable A oligomers, the panning protocol
(Fig. 1) was modified since the brain derived oligomeric AP aggregates were available only in very
limited amounts (nanograms) and were enriched but not purified.

We included several negative panning steps to eliminate phage binding to off-target
antigens. Negative panning was performed against brain derived proteins and monomeric AB, and
also against synthetic AB. The negative panning steps enabled us to eliminate virtually all phage

bound to off-target antigens, and allowed for isolation of phage that bind specifically to the brain
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derived oligomers using minimal target sample (Fig. 2). After a single round of positive panning,
we isolated approximately 400 clones from a starting phage library of 10'2 clones. Phage from each
of the 400 clones was independently amplified to enable phage from all the clones to amplify to the
same extent, then pooled and assayed to verify specificity for the target antigen, and was observed
to bind specifically to the target antigen (Fig. 3).

Since. availability of antigen was limited, we modified the screening protocol to facilitate
isolation of high affinity clones. At low antigen concentrations, phage will compete for antigen sites
and high affinity phage will preferentially bind over low affinity clones. The high affinity screen
resulted in identification of 18 unique sequences. Further selection of these 18 clones was based on
protein expression levels; identifying the C6 clone for further studies (Fig. 4).

Specificity of the C6 phage for the brain derived AP oligomers (but not off-target antigens or
synthetic A oligomers) was verified by AFM (Fig. 5). We previously identified a nanobody, A4,
that specifically recognized oligomeric AP species generated in vitro (28). Here we show that the
brain derived SDS-stable AP oligomers recognized by the C6 nanobody represents a different,
conformationally distinct small soluble AP aggregate species. All these aggregate species are
present selectively in human AD brain tissue (13, 28) indicating that these are a variety of different
AP aggregate species generated in human tissue and that there may be multiple toxic species and
mechanisms.

When incubated with monomeric AB, the C6 nanobody inhibits fibril formation (Fig. 7, 8)
but shifts the equilibrium from larger to smaller oligomers, stabilizing formation of a 2-3nm AP
oligomeric aggregate (Table 1) which was significantly toxic to neuroblastoma cells (Fig. 10). The
AB oligomers generated in the presence of C6 nanobodies are SDS-stable (Fig. 9), similar to the
brain derived AP oligomers, suggesting that the small low-n SDS-stable oligomers in the brain are
potentially being generated by interacting with certain brain proteins similar to the C6 nanobody.
This ability of C6 nanobodies to generate SDS-stable oligomers is uniquely different from other
oligomer AR specific antibodies which have been previously described by our group.

Western blot analysis revealed that the C6 nanobody recognized a 12-16 kDa A oligomeric
species produced by the 7PA2 cell line that over-expressed hAPP (Fig. 6) indicating that C6
nanobody recognized a trimeric or tetrameric form of naturally derived SDS-stable AB. Further,
height distribution analysis revealed that the size of the oligomeric species recognized by the C6
nanobody in Fig. SA was 2.1nm, corresponding to the height of a photo-cross-linked tetrameric
form of AP (42). These results, together with the western blot in Fig. 9 indicated that the small,
SDS-stable, low-n oligomeric morphology of AB recognized by the C6 nanobody was a tetramer.
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C6 nanobodies could also recognize AP in the brain tissue of 3xTg mouse models of AD, as
well from AD brain patients. When used to probe brain extracts from ND and AD patients, C6
nanobodies strongly reacted with extracts from AD patients diagnosed with moderate frequency
plaques, but not with extracts from AD patients with severe plaques or with extracts from ND
patients. These results indicate that morphology-specific and protein-specific reagent C6 nanobody
can differentiate which protein aggregate species are involved in different stages of disease.
Reagents such as the C6 nanobody can be very useful tools to more accurately diagnose
neurodegenerative diseases and may help to monitor progression and treatment of AD.

Here we demonstrated that a novel bio-panning protocol could effectively be used to isolate
nanobodies against specific protein morphologies even when the target antigen was only available
in trace amounts and could not be purified. The results indicate there are multiple different
morphologically distinct oligomeric AB species that naturally occur in human tissue and that they
can have distinctly different cytotoxicity effects. Such highly selective morphology specific
reagents represent powerful tools that have important diagnostic and therapeutic applications for

neurodegenerative diseases.

Antibody-mediated Clearance

Another approach to clear AB from the brain that has received extensive coverage because
of its promising early results is antibody mediated clearance or immunization. Immunization of
transgenic AD mice with aggregated AP was shown to delay deposition of AB and also to clear AB
deposits already present in the brain (Schenk, D., et al. (1999). Nature 400: 173-177). Passive
immunization of these same mice by periodic injection of antibodies generated against Ap was also
shown to delay deposition of AP and reduce AB deposits that were already present (Bard, F., et al.
(2000). Nar Med 6: 916-9). The clearance of AP deposits from brain tissue in an ex vivo assay was
correlated with Fc receptor mediated phagocytosis (Bard, F., et al. (2000). Nat Med 6: 916-9).
Behavior studies of mice that were immunized against A also showed reduced memory loss and
behavioral impairment ( Janus, C., et al. (2000). Nature 408: 979-82; Morgan, D., et al. (2000).
Nature 408: 982-5). In human AD patients, active immunization against aggregated Ap decreased
cognitive decline ( Hock, C., et al. (2003). Neuron 38: 547-554) and reduced neuritic pathology (
Nicoll, J. A., D. Wilkinson, C. Holmes, P. Steart, H. Markham and R. O. Weller (2003). Nat Med
9: 448-52), although the study had to be suspended due to occurrence of aseptic
meningoencephalitis (Check, E. (2002). Nature 415: 462; Schenk, D. (2002). Nat Rev Neurosci 3:
824-8; Orgogozo, . M., et al. (2003). Neurology 61: 46-54). Despite cancellation of the
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immunization trials, these studies provide powerful evidence that clearance of A can be a viable
therapeutic approach for treating AD providing the inflammatory response can be controlled. There
is considerable evidence that AD is an inflammatory disease (reviewed in (Akiyama, H., et al.
(2000). Neurobiol Aging 21: 383-421)), and antibody mediated clearance by phagocytosis may
exacerbate brain inflammation and damage (Check, E. (2002). Nature 415: 462; Schenk, D. (2002).
Nat Rev Neurosci 3: 824-8; Orgogozo, J. M., et al. (2003). Newurology 61: 46-54). In order to avoid
potentially damaging inflammatory responses in the brain associated with immunotherapeutic
approaches, single chain variable domain antibody fragments (nanobodies) which contain only the
variable heavy and light chain regions represent a promising alternative to antibodies since they do

not contain the Fc region ( Miller, T. W. and A. Messer (2005). Mol Ther 12: 394-401).

All publications, patents and patent applications are incorporated herein by reference. While
in the foregoing specification this invention has been described in relation to certain embodiments
thereof, and many details have been set forth for purposes of illustration, it will be apparent to those
skilled in the art that the invention is susceptible to additional embodiments and that certain of the
details described herein may be varied considerably without departing from the basic principles of
the invention.

The use of the terms “a” and “an” and “the” and similar referents in the context of
describing the invention are to be construed to cover both the singular and the plural, unless
otherwise indicated herein or clearly contradicted by context. The terms “comprising,” “having,”
“including,” and “containing” are to be construed as open-ended terms (i.e., meaning “including,
but not limited to”) unless otherwise noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring individually to each separate value falling
within the range, unless otherwise indicated herein, and each separate value is incorporated into the
specification as if it were individually recited herein. All methods described herein can be
performed in any suitable order unless otherwise indicated herein or otherwise clearly contradicted
by context. The use of any and all examples, or exemplary language (e.g., “such as”) provided
herein, is intended merely to better illuminate the invention and does not pose a limitation on the
scope of the invention unless otherwise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential to the practice of the invention.

Embodiments of this invention are described herein, including the best mode known to the
inventors for carrying out the invention. Variations of those embodiments may become apparent to

those of ordinary skill in the art upon reading the foregoing description. The inventors expect
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skilled artisans to employ such variations as appropriate, and the inventors intend for the invention
to be practiced otherwise than as specifically described herein. Accordingly, this invention includes
all modifications and equivalents of the subject matter recited in the claims appended hereto as
permitted by applicable law. Moreover, any combination of the above-described elements in all
possible variations thereof is encompassed by the invention unless otherwise indicated herein or
otherwise clearly contradicted by context.
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CLAIMS

A composition comprising trimeric or tetrameric aggregates of AP that are at least partially
resistant to denaturation by SDS that are operably linked to an antibody fragment that
comprises amino acid residues 16-292 of SEQ ID NO:1.

The composition of claim 1, wherein the antibody fragment comprises amino acid sequence

SEQ ID NO:1.

A method of preparing an immunogenic AP aggregate comprising:

a. contacting monomers of AB with an antibody fragment to form AB aggregates,
wherein the antibody fragment comprises amino acid residues 16-292 of SEQ ID
NO:1.; and

b. isolating the AP aggregates, wherein the AP aggregates comprise a trimeric or
tetrameric aggregates of AP that are at least partially resistant to denaturation by
SDS.

The method of claim 3, wherein the antibody fragment comprises amino acid sequence SEQ

ID NO:1.

The method of claim 3 or 4, wherein said aggregate of Ap is produced by contacting
monomers of AR with C6 and producing stabilized aggregates that specifically bind to C6
and are stable to SDS denaturation.

A composition comprising an SDS-stable trimeric or tetrameric aggregate of AP that is at
least partially resistant to denaturation by SDS, wherein the composition is prepared

according to the method of any one of claims 3-5.

The composition of any one of claims 1, 2 or 6 wherein the aggregate of AB is conjugated to

or admixed with, or both, to at least one carrier.

The composition of claim 7, wherein the Af aggregate is covalently-coupled to the carrier.
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The composition of claim 7, wherein the carrier is an immunogenic carrier and/or an

adjuvant.

The composition of claim 7, wherein the immunogenic carrier and/or adjuvant is bovine
serum albumin, immunoglobulin, thyroglobulin, ovalbumin, tetanus toxoid, keyhold limpet

hemocyanin, or a lipid moiety.

The composition of any one of claims 1, 2, or 6-10, further comprising a pharmaceutically

acceptable vehicle.

The composition of any one of claims 1, 2, or 6-11, wherein the antibody fragment is

immunogenic.

The composition of any one of claims 1, 2, or 6-12, wherein said aggregate of AB is a 12-

16kDa oligomeric species of A that is stable in the presence of SDS.

A method of immunizing a subject against Alzheimer’s disease comprising administering to

the subject the composition of any one of claims 1, 2, or 6-13.

A method of immunizing a subject against Alzheimer’s disease comprising administering to
said subject a composition comprising an SDS-stable trimeric or tetrameric aggfegate of AB
that is at least partially resistant to denaturation by SDS that is stabilized by a C6 antibody
having the sequence of SEQ ID NO:1, wherein the SDS-stable trimeric or tetrameric
aggregate of AP is optionally conjugated to an exogenous immunogenic carrier or admixed

with an adjuvant, or both.

The method of claim 15, wherein said aggregate of Af is a 12-16kDa oligomeric species of
AP that is stable in the presence of SDS.

The method of claim 15, wherein said aggregate of A is produced by contacting monomers
of AB with C6 and producing stabilized aggregates that specifically bind to C6 and are stable
to SDS denaturation.
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The method of claim 15, wherein said A peptide is immunogenic.

The method of claim 15, wherein said A peptide is a hapten conjugated to a carrier.

The method of any one of claims 15-19, wherein said composition further comprises an

adjuvant.

The method of claim 15, wherein the subject is immunized with a composition comprising a
vehicle and an immunogenic or haptenic fragment of said SDS-stable trimeric or tetrameric

aggregate of AP that has been conjugated to a carrier.

The method of claim 21, wherein the carrier is selected from the group consisting of bovine
serum albumins, immunoglobulin, thyroglobulin, ovalbumin, tetanus toxoid, keyhole limpet

hemocyanin, and lipid moieties.

A method of preparing an immunogenic A aggregate comprising:

a. monomers of AP,

b. contacting said monomers of AP aggregates with a composition comprising C6
antibody that has a sequence of SEQ ID NO:1 to form A aggregates; and

c. isolating said AP aggregates,

wherein said method isolates immunogenic AP aggregates that comprise an SDS-stable

trimeric or tetrameric aggregate of AP that is at least partially resistant to denaturation by

SDS.
A composition comprising an SDS-stable trimeric or tetrameric aggregate of AP that is at
least partially resistant to denaturation by SDS said composition prepared according to a

method of claim 23.

The composition of claim 24, wherein said aggregate of Ap is conjugated to an exogenous

immunogenic carrier or admixed with an adjuvant, or both.
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The composition of claim 24, wherein said aggregate of AP is a conjugate that further

comprises a carrier that is covalently-coupled to said AP.
The composition of claim 26, wherein said carrier is selected from the group consisting of
bovine serum albumin, immunoglobulin, thyroglobulin, ovalbumin, tetanus toxoid, keyhold

limpet hemocyanin, and a lipid moiety.

The composition of claim 24, further comprising a pharmaceutically acceptable vehicle

and/or adjuvant.
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Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee. )

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

[:l No protest accompanied the payment of additional search fees.
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